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Foreword

Earlier measurements of ice loads on a ship's hull in the
Baltic were made on ice breakers. While they greatly con-
tributed to our understanding of the nature of ice loads, the
results were of course not as such representative for the ice

loads on an ice going merchant ship.

In this report no 47 the Winter Navigation Research Board

now presents the results of measurements made on a tanker in
regular traffic on the Baltic over several winters. This study
is a part of an undertaking to achieve a better basis for the
design of the hull of a Baltic merchant ship.

The Winter Navigation Research Board warmly thanks mr Kujala
and his colleagues for this report as well as the crew of
MS KEMIRA, who greatly assisted them in their work.

Helsinki and Norrkdping

October 1989

Kydsti Vesterinen Kaj Janérus
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ABSTRACT

Long-term ice load measurements on board M/S Kemira have been
conducted since the winter of 1985. One area at bow, mid- and
aftship were instrumented for the measurements and an auto-
matic data collecting system was installed on board the
ship. In this report the measuring system.is described and
the results during the winters 1985 to 1988 are presented.
The ice conditions during the winters 1985 to 1988 are also
described. Most of the highest loads encountered have occurred
in heavily ridged ice near the Kokkola lighthouse both during
navigation through the ridge and while stuck in compressing
ridged ice. The maximum value measured on the bow frame is
653 kN, on the midship frame 323 kN and on the aftship frame
421 kN. When these values are compared with the design load
values according to the present Baltic ice rules the dif-
ference is greatest, in relative terms, at the aftship.

1 INTRODUCTION

Level of design loads for shell structures of ships navigating
in Baltic ice conditions are based on experience and damage
records from ships built for these donditions. The relation
between ice conditions and the level of ice-strengthening is
not explicitly specified in the ice rule. One reason for this
is that the characteristics of ice-induced loads in various

ice conditions are not properly known.

Full-scale measurements of ice-induced loads have played an
important role in developing theoretical models and statis-
tical characteristics for ship-ice interaction in various
ice conditions. The published data on measured loads are,
however, mainly related to the loads on the bow of an ice-
breaker. No published long-term data exist on ice-induced
loads on the hull of a typical ice-strengthened merchant ship

navigating regularly in Baltic ice conditions.

Therefore a joint research project between Helsinki University
of Technology/Laboratory of Naval Architecture and Marine
Engineering and The Technical Research Centre of Finland/Ship
Laboratory was started in autumn 1984 to measure ice-induced
loads on a chemical tanker Kemira, which navigates regularly

between Finland and Central Europe. One area at bow, mid-
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and aftship was instrumented for the measurements and a:
automatic data collecting system was installed on board th:
ship. In this report the results of the measurements durin
the winters 1985 to 1988 are presented. Most of the result
were gathered with the automatic measuring system during thi
normal operation of the ship. Some manned voyages were con
ducted during the winters 1987 and 1988 . to collect mor:

detailed data on the loads and prevailing ice conditions.

This report concentrates on presenting the main results of the
measurements and the analyses conducted are limited to studie:
of the effect of maximum ice thickness on the measured load:

in various types of ice.



2 THE MEASURING SYSTEM

2.1 Description of the ship

M/S Kemira is an 8145 DWT chemical tanker regularly navigating
between the ports Kokkola and Uusikaupunki on the Finnish
coast and ports such as Wismar and Fredericia in Central
Europe. M/S Kemira was built in 1980 to ice class 1A Super.

Fig. 1 shows the ship in harbour.

Fig. 1. Chemical tanker Kemira in Kokkola harbour.

The shell structures of M/S Kemira are transversely framed
up to level of 8 meters from the base line, see Fig. 2. Frame
spacing is 350 mm and the thickness of shell plating is 21
mm at bow and 16 mm at mid- and aftship. The frames have L-
profile with the dimensions shown in Fig. 2. The required
section moduli for the transverse frames according to the
present ice rules using normal strength steel are 684 cm3,
416 cm3 and 311 cm3 at bow, midship and aftship respectively.
The section moduli of the installed frames are 719 cm3, 386

cm3 and 349 cm3.
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2.2 The instrumentation

A number of methods exist to instrument a ship for determina-
tion of local full-scale ice loads. Traditionally the bending
stresses of the frames and plating are recorded and from
these the loads required to cause the stresses are estimated
e.g. by constructing a finite element model of the structure
(Varsta 1977). Also local ice-induced pressures have been
recorded with pressure gauges specially developed for this
purpose (Korri et al. 1979, Vuorio et al. 1979). The measure-
ments of shear strains e.g. on the web of a frame together
with determination of influence coefficients enable direct
recording of ice-induced loads (Riska et al., 1983). The
latest installations have included separate load measuring
panels, which have been attached to the bow of a ship to
measure the friction between ship hull and ice (Hoffmann,

1985) .

The approach of recording shear strains on the web of a

frame is chosen for the present study, because the loads

experienced by frames are the main interest. The general

layout of the measuring system is presented in Fig. 3.
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One frame at bow, mid- and aftship is instrumented. The
definition of the various areas is taken from the dice rules
(1985). As shown in Fig. 3 the frame instrumented aft is
only partly on the aftship area, as the end of the tank

forms the limit for the possible location of the installa-

tion.

The loads are evaluated with the shear strain gauges applying
influence technique. The shear strain gauges are connected
so that the load on the upper, middle and lower part of the
frame, FFR, as well as the total load on a frame, FT, can be
measured. The normal stress gauges on the frames, FN, and
plating, PL, near the instrumented frames are installed to
gather data on the stress level of the structure and to
check the calibration of the shear strain gauges. Also the
bending stresses of the hull at midship (HB) are registered.
consequently the system includes altogether 19 channels. The

abbreviations used for the channels can be seen in Fig. 3.

In the long-term measurements, the data are collected and pro-
cessed automatically by a microprocessor specially developed
for this purpose (Vuorio et al., 1979). The microprocessor
collects the data and prints it on a data cassette and paper

tape once or twice a day i.e. in 24 or 12 hour periods.

2.3 Calibration of the measuring system

The influence coefficients for the load-measuring system are
evaluated with the finite element model shown in Fig. 4. Two
models are constructed, one for the midship and one for the
bow ship. The scantlings of the aftship are quite similar to
the scantlings at midship. Therefore the influence coeffici-
ents for the aftframe are evaluated on the basis of the
results for the midship frame taking into account the dif-

ferencies in the scantlings.
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The coefficients are determined for the case of uniform ice
pressure with load height 0.3 m and load length two frame
spacings 0.7 m. The measuring system is not sensitive to the
load height as the total locad on the frame is measured by the
system. The load length has an effect on the influence coef-
ficients as the amount of the load distributed to the adja-
cent frames is related to the load length. The load length
of two frame spacings represents continuous ice pressure

loading on the instrumented frame.

The calibration of the system is based on the assumption
that the load length is usually longer than two frame spac-
ings. If the contacts are shorter than two frame spacings,
the system can give figures up to 30% too small for the
loads. The shorter the contact is the bigger the error. The
Previous full-scale measurements have, however, indicated
that the length of the contact is usually a few frame spacings
(Kujala et al. 1986).

The finite element calculations are checked by applying in-
side point force on the midship and aftship frame. The point

force is generated with a hydraulic cylinder and the force
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is measured with a force gauge, see Fig. 5. The results are
compared with those given by the finite element in‘Figs 6
and 7. As can be seen from Figs. 6-7 the results are com-
parable within the limits of +- 10 %. The accuracy of the
system is discussed further in chapter 4.4 based on some

measured results.
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3 CONDUCTED MEASUREMENTS

3.1 Description of the winters 1985 to 1988

The severeness of a winter is usually determined on the basis
of the maximum ice extent during the winter. In a normal
winter, the whole Bothnian Bay and Bothnian Sea are covered
by ice so that the maximum ice extent is about 210 000 km?
(Lepparanta & Seind, 1985). Fig. 8 gives the maximum extent
of ice during the winters 1830 to 1988. As can be seen winters
1985, 1986 and 1987 have been harder than an avarage winter
and winter 1988 milder. In the following the development of
ice conditions during the winters 1985 to 1988 are described

in more detail.

1000 km 2

450
400 1 :
350 l .

300 —ﬂ l I
| |

230

290

150 i lJ

160 I ' i i

38

8 : ? . g
1830 1830 187¢ 1898 1918 193¢ 1950 197¢ 1999

Fig. 8. The maximum extent of ice during the winters 1830 to
1988.

During the winter of 1985, the Bothnian Bay became entirely
covered by ice on the 7th of January and the Bothnian Sea on
the 6th of February. The most extensive conditions of the
winter were reached on the 22nd of February, when the ice
reached down to the southern coast of Gotland. The Bothnian
Bay became ridged in late January and remained almost station-
ary from the beginning of February to the end of April. The

ice thickness increased until early March in all the sea
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areas. Appendix 1/1 gives a typical ice chart after this
period. From the Baltic proper, sea ice disappeared at the
peginning of April. In the Bothnian Sea melting started at
the beginning of April and ice finally disappeared in the

middle of May. Ice disappeared from the Bothnian Sea at the
end of May.

puring the winter of 1986, freezing started somewhat earlier
than normal so that the Bothnian Bay became entirely covered
by ice on the 30th of December and the Bothnian Sea on the
23rd of January. Thereafter the ice coverage increased fairly
slowly until the 20th of February, when the maximum extent
of ice was reached so that ice extended to the very northern
part of the Baltic proper. The maximum ice thicknesses were
reached on the 3rd of March, see appendix 1/2. The melting
of ice started soon after that. The southerly winds after
the middle of March pushed the ice in the Bothnian Bay to
the northern part of the bay and ridged the ice left on the
northern Bothnian Sea heavily. The situation remained dif-
ficult until the 10th of April, when due to the melting of
ice ledges occurred in the Bothnian Sea. Finally the ice
disappeared from the Bothnian Sea in the middle of May and

from the Bothnian Bay at the end of May.

In the winter of 1987, freezing started fairly slowly so that
the entire Bothnian Bay was covered by ice on the 5th of
Janﬁary. The entire Bothnian Sea was covered by ice on the
15th of January. Thereafter the ice coverage and thicknesses
grew gradually until the 12th of March, when the maxima were
reached, see appendix 1/3. The ice disappeared from the
Baltic proper in the middle of April, from the Bothnian Sea
in the middle of May and from the Bothnian Bay at the end of
May.

In the winter of 1988, the entire Bothnian Bay was covered by
ice on the 28th of January. The maximum ice extent was reached
on the 29th of February covering just the Bothnian Bay and
northern Bothnian Sea. The extent remained unaltered until
late March, when the maximum ice thicknesses were reached,

see appendix 1/4. The ice disappeared from the Bothnian Sea

S
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at the beginning of April and from the Bothnian Bay in the
middle of May.

For the present study the Baltic Sea is divided into four
sea areas as shown in Fig. 9. During the measurements M/S
Kemira did not navigate in the Gulf of Finland, therefore
it is omitted from the following figures. Table 1 summarizes
the maximum ice thicknesses and total sum of freezing in
degrees during the measured winters in various sea areas.
The sum of freezing and maximum fast ice thickness outside
Kokkola represents the Bothnian Bay, outside Vaasa represents
the Bothnian Sea and outside Turku represents the Baltic

proper sea area.

Table 1. Summary of ice conditions during the measured winters
in various sea areas.

Sea area Max sea Max fast Total sum
ice thick. ice thick. |of freezing
(cm) (cm) (°c day)
Baltic proper 40 50 -747
1985 |Bothnian Sea 60 73 -1196
Bothnian Bay 70 95 -1356
Baltic proper 30 50 -398
1986 |Bothnian Sea 60 49 -1027
Bothnian Bay 60 54 -1196
Baltic proper 40 70 -807
1987 |Bothnian Sea 60 70 -1181
Bothnian Bay 70 95 -1394
Baltic proper 0 25 =156
1988 |Bothnian Sea 20 40 ~-556
Bothnian Bay 40 50 =739
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3.2 Automatic long-term measurements

3.2.1 General

The measuring system was installed on board M/S Kemira in
autumn 1984. Thereafter the system has worked continuously
during the winters of 1985 to 1988 and has measured ice-
induced loads automatically during the normal operations of
the ship. Appendix 2 gives the navigation schedule of the ship
during the measurements conducted. Table 2 gives a summary
of the measuring period and number of ice navigation days of
each measured winter. Navigation day means that the measuring

system has encountered ice-induced loads during that day.



Table 2. Measuring period and number of days of navigatiocn in
ice in various winters and sea areas.

Winter Measuring Number of ice navigation days
g period Baltic Bothnian Bothnian Total
proper Sea Bay
1985 2+.2=13+b 21 19 27 67
1986 1.1-29.4 22 16 26 64
1987 28.1-23.5 11 14 2b 50
| 1988 7.1- 3.5 - 10 20 30

The measuring system has worked successfully most of the mea-
suring time. A few problems in the output devices have,

\

|

|

{ however, occurred and the results from the following periods
‘ are lost: 23.1-2.2.1986, 26.2-2.3.1986, 7.-21.3.1988, 23.-
25.3.1988 and 28.3.-7.4.1988. These periods include about 5
ice days in winter 1986 and 4 ice days in winter 1988. The
measuring period of the winter 1987 was shortened, because
the ship spent the period 1.3 - 31.3 in harbour and shipyard
because of some repair work required. The attached strain
gauges have worked well except for the following problems:
channel FFR 8 was damaged on the 30th of April 1987 under
compressive ice (see also chapter 4.2), Pl 10 was out of order
during the winter of 1986, FN 14 was found to be located on
the edge of flange of the frame whereas it should have been
attached on the top of web of the frame (see also chapter
4.4). When the channels FT 17-FT 19 were included in the
system for the winter 1987, channels FFR 8 and FFR 13 were

excluded due to lack of space in the systenm.

The microprosessor was programmed so that the data was printed
twice a day on paper and data casette i.e. the measuring
period was 12 hours starting at midnight and at noon, except
for the period of 1.4-13.5.1985 when the measuring period
was 24 hours. The ice navigation of the ship was followed
according to the data stated in the ship's logbook during the
measured 1l2-hour periods. The prevailing ice conditions were
obtained according to the data submitted by The Institute of




15

Marine Research. The data gave the daily ice conditions in
geographical grids with the sides 30 minutes along the
parallels and 15 minutes along the meridians (BASIS, 1981).
The main principles of the coding used are given in appendix
3. Appendix 4 gives a summary of the variations of the

following variables during the measured 12-hour periods:

- ship's draught

- displacement

- independent navigation time

- time of icebreaker assistance or towing
- total time in ice

- total voyage in ice

- navigation sea area

- ice type

- ice thickness.

In the following, some figures of the ship operations and ice
conditions encountered are presented according to the data

given in appendix 4.
3.2.2 Operation profile of the ship

As shown in Fig. 3 the lowest pick-up of the measuring sys-
tem is located with ship's draught 4.66 m and highest with
draught 7.62 m. This restriction is due to the change of the
framing system from transverse to longitudinal. The actual
draught of the ship varies from 3.0 m to 8.5 m as illustrated
in Fig. 10, which is based on the summary of observed draughts
during the measured ice days. The measuring system covers
70 % of the draught variations at the midship, 73 % at the
bow and 65 % at the aftship due to trim of the ship.
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Table 3 summarizes the operation profile of the ship during
the measurements. Fig. 11 illustrates on a percentage basis
the operation profile of the ship in various sea areas during
the total measuring period and Fig. 12 similarly the profile
of operations during the time in ice. Appendix 5 gives the
same figures annually. As can be seen from Figs 11-12 the
ship spent about 18 % of the total measuring time in ice,
of which about 60 % was independent navigation, 25 % naviga-
tion with icebreaker assistance, 14 % stuck or waiting in
jce and 1 % towing by icebreaker. Great variations take
place in these figures annually as shown in appendix 5. In
the following chapter the ice conditions encountered during

the measurements are studied.

Table 3. The operation profile of M/S Kemira during the
measurements.

= -7 - = e [l 1
r Time in ice [ hour] Voyage | Time in ' Time in l Total I
Indepen. IB assist. IB towing Stuck/Wait Total . in ice |open uateri harbour : meas. timal
! | [ milesl; [hour] | [hour]l : [hour) _
! Bothnian Bay I ! i :
| 1985 Eo117 126 4 29,5 276,5 1950 1" T 561 i B48,5
i 1986 73,5 69,5 1,5 95 249,5 1230 i 48 | 443 | 740,5
! 1987 84,5 82,5 1 13 181 1848 | 20 | 51 , 715
i 1988 73,5 14 0 5,5 93 863 ; 66 i 481 640
' 1985-1988 . 348,5 292 16,5 143 800 | 5891 145 1999 2944
' Bothnian Sea | i i
‘ 1985 I 119 29 0 3 151 { 1460 i 145 i 163 i 459
= 1986 - 14 17 0 60 M4 | 535 1 165 1192 ! a7
l 1987 58 15 0 0 73 815 148 144 365
! 1988 6,6 1 0 0 7,6 64 182 104 293,6
1985-1988 220,6 62 0 63 345,6 : 2874 640 603 1588,6
) Baltic proper ! ’ :
1985 172 0 0 0 172 1745 353 ¢ 257 f 782
i 1986 . 74 0 0 2 76 i 755 594 112 782
i 1987 46,5 5,5 0 0 52 ! 588 574 249 : 875 ’
3 1988 0 0 0 ¢ 0 ] 0 813 318 : 1131 ¢
| 1985-1988 . 292,5 5,5 0 2 300 : 3088 | 233 9% | 3570
jBaI.tic Sea (Total) ; : : '
1985 © 408 155 4 32,5 599,5 ! 5155 [ 509 i 981 i 20895
‘ 1986 _ 184,5 86,5 11,5 157 439,5 2520 E 807 ’ 747 ’ 1993,5
| 1987 i 189 103 1 13 306 3251 i 742 907 1955
i 1988 ! 80,1 15 0 5,5 100,6 927 i 1061 | 903 | 2064,6
I 1985- 1988 I 861,6 359,5 16,5 208 1445,6 11853 3119 ¢ 3538 | 8102,6
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3.2.3 The ice conditions encountered

The ice conditions encountered by the ship are summarized so
that the voyage travelled in various ice conditions indepen-
dently or with icebreaker assistance are presented. The ice

conditions are grouped in four categories:

- fast ice ( index 39 )
- new ice  (index 30-33)
= pack ice ( index 50-70 )

ridged ice ( index 80-86)

The indices are specified in appendix 3. The category of
pack ice includes basically a great variety of ice conditions,
but the conditions with encountered ice loads have been
mainly pack ice with large floes or consolidated pack ice.
This category together with the new ice represents the part
of sea ice, which has been fairly level. Figs 13 illustrate
the total voyage in these ice conditions in various sea

areas during the measurements. Appendix 6 shows the annual

figures.

e
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Bothnian Bay 1985--1988, IB assistance
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Fig. 13b. Voyage in various ice conditions and level ice
thickness classes while navigating with icebreaker assistance
during the measurements.
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3.3 Manned voyages

Some manned voyages were conducted during the winters of 1987
and 1988 to study in more detail the ice-induced 1loads in
various ice and operation conditions. During the manned
voyages, the microprocessor was programmed to print the
measured data at one hour intervals. For each hour the same
data as specified in chapter 3.2.1 for 12-hour intervals was
gathered and in addition air temperature and wind speed were
observed. The ice conditions were studied with a video camera
installed on board the ship. Also some recordings of typical
time histories of the measured channels were conducted.
Table 4 gives a summary of the manned voyages and appendix 7
shows the routes of the ship during the voyages together
with the profile of ship operations and ice conditions
encountered. The mean speed of the ship can be obtained on
the basis of the voyage in ice during an hour given in
appendix 7. Fig. 1l4a illustrates the voyage of the ship and
Fig. 14b the mean speed of the ship in various ice condi-
tions while navigating independently or with icebreaker

assistance during the measured 1 hour periods.

Table 4 Summary of the manned voyages conducted

Voyage Route Draught Navigation time
Bow Mid Aft in ice open
Indep IB water
(m) (hour)
1987
28-29.1 Kokkola-Uki 7.3 7.5 7. 12.5 10.8 2
10-11.2 Kokkola-Uki 7.4 7.5 T 5 20 4
31.3-1.4 Turku-Ventsp 4.4 4.8 5.6 6.8 0.8 10
1-2.4 Ventsp-Uki 7.0 7.2 7.4 10 10
25-26.4 Uki-Kokkola 6.8 7.0 7.2 12.6 3.5 16.9
1988
20-21.2 Uki-Oulu 6.8 7.0 7.2 13.1 3.5 13
24-25.2 Oulu-Uki 6.2 6.6 7.1 15.5 4.8 12.5
3-4.3 Uki-Kokkola 6.5 6.7 6.9 1.1 6.4 12
5-6.3 Kokkola-Uki 6.8 7.1 7.3 T 13
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Manned voyages 1987--1988, Independent
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Fig. 1l4a. Voyage of M/S Kemira in various ice conditions and
level ice thickness classes during the manned voyages while
navigating independently or with IB assistance.
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4 RESULTS OF THE MEASUREMENTS

4.1 Manned vovages

Some examples of the recorded time histories are given first.
The time histories were measured during the manned voyage on
26th of April 1987, see appendix 7/4 for the route of the ship
and ice conditions encountered. For the bow channels, time
histories in four ice conditions are given : Fig. 15a shows
time histories in ridged ice, Fig. 15b in consolidated pack
ice, Fig. 15c in channel behind an icebreaker and Fig. 154 in
a thick ridge behind an icebreaker Jjust before the ship got
stuck near the Kokkola 1lighthouse. Fig. 15a gives also the
measured time history of ship's speed and dynamic part of the
stress on the deck plating at midship. Fig. 16 gives the highest
time histories recorded for the midship channels, which occurred
at the same time as the time histories given in Fig. 15d for
the bow. Fig. 17 gives the highest time histories recorded for
the aftship channels, which took place while navigating indepen-
dently in consolidated pack ice. Finally Fig. 18 gives two
examples of a time history of the stress on the plating at
the aftship while the ship was stuck in ice in the thick ridge
near the Kokkola lighthouse.

Appendix 8 summarizes the measured 1 hour maximum values for
the measured channels during the manned voyages and gives
graphically the maxima for the load channels FT 17, FT 18 and
FT 19 at bow, midship and aftship respectively. The highest
load on the bow (430 kN) and stress on the frame (250 MPa)
occurred during the voyage on 25th to 26th of April 1987 (see
appendix 8/4 and 7/4), when the ship was navigating independent-
ly in the ridged ice with ice concentration of 20 to 40 % and
could therefore keep a fairly high speed (10-12 kn) among the
ridged ice floes. Other high loads occurred on the 2nd of April
(see appendix 8/3 and 7/3), when the ship came from the open
sea to the fast ice and had to go through the ridged ice field
in front of the fast ice zone. Also Fig. 15d shows an example

of high load at the bow, the load occurring about 1.5 metres
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below the actual waterline. The highest stress on the bow
plating (290 MPa) occurred on 24th of February 1988, when the
ship was navigating independently in fast 1ice channel (see

appendix 8/6 and 7/6).

For the midship the highest load (323 kN) and stress on the
plating (200 MPa) and frame (290 MPa) took place on 26th of
April 1987 just before the ship got stuck behind an icebreaker
in a thick ridge, see also Fig. 16 for the time history. In
addition high load (275 kN) was encountered at the midship on
28th of January 1987 (see appendix 8/1 and 7/1), when the ship
was'navigating behind an icebreaker and got out from the channel

to the solid ice in a sharp turn.

The level of ice-induced loads at the aftship was fairly low
during the manned voyages. The highest value of 210 kN took
place on 29th of January (see appendix 8/1 and 7/1), when the
ship made a hook from the channel to the fast ice to pass a
ship in front. The highest stress on the aft plating (250 MPa)
occurred on 26th of April as shown in Fig. 18b.

Finally the measured maximum loads (FT17-FT19) are plotted as
a function of the maximum ice thickness during the measuring
period in various ice conditions and while navigating indepen-
dently or with IB assistance, see Fig. 19. The ice conditions
are grouped as defined in chapter 3.2.3. As can be seen, the
maximum ice thickness has a clear effect on the loads in ridged
and pack ice. The loads in the pack and ridged ice have the
same order of magnitude. On the bow the highest loads took
place while navigating independently, whereas on the mid- and
aftship both independent navigation and icebreaker assistance
caused high loads. The fairly limited amount of 1 hour data in
ice thicknesses higher than 42 cm (see Fig. 14) has to be

remembered when studying Figs 19.

Also some attempts were made to study the effect of ship's
speed on the loads, but no considerable effect could be found
due to the great scatter in the figures and due to the small

variation in ship's speed during the manned voyages.
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Measuring period 01:25-01:58, 26th of April 1987
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Fig. 15a. Time histories of the bow channels while navigating
independently in ridged ice with ice thickness of about 40 cm.
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Measuring period 08:21-08:33, 26th of April 1987

\“1'—_
1
>

i . .

-
L]
-

—
>

00 10 2.0 3.0 4.0
TIME [s]

5.0

P RERS

TN /A7 ]

vonomoan ' CnlA

rn

Fig. 15b. Time histories of the bow channels while navigating
independently in consolidated pack ice with ice thickness of
about 40 cm and ship's speed 11 kn.
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Measuring period 12:16-13:00, 26th of April 1987
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Fig. 15c. Time histories of the bow channels while navigating
with IB assistance in ridged ice with ice thickness of about

70 cm and ship's speed 5 kn.
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Measuring period 13:31-13:37, 26th of April 1987
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Fig. 15d. Time histories of the bow channels while navigating
with IB assistance in ridged ice with ice thickness of about
70 cm and ship's speed 4 kn just before getting stuck in the
ridge. Ridge height 1.5-2.0 m.
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Measuring period 13:31-13:37, 26th of April 1987
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Fig. 16. Time histories of the midship channels while navigating
with IB assistance in ridged ice with ice thickness of about
70 cm and ship's speed 4 kn just before getting stuck in the
ridge. Ridge height 1.5 to 2.0 m.
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Measuring period 13:31-13:37, 26th of April 1987
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Fig. 18a. Time history of the stress on the aft plating just
after the ship got stuck in ridge behind an icebreaker. Ice
thickness about 70 cm, ridge height 1.5-2.0 m. The measured
load on the frame was 125 KkN.

Measuring period 13:43-13:56, 26th of April 1987
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Fig. 18b. Time history of stress on the aft plating while the
ship was stuck in ridged ice with ice thickness 70 cm and
ridge height 1.5-2.0 m. The measured stress occured, when IB
Kontio was operating near the ship to loose her. The measured
load on the frame was 100 kN.
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4.2 Automatic long-term measurements

The maximum values for the measured channels during the mea-
sured 12 hour periods form the basic data base. Appendix 9
gives all the measured 12-hour maxima. The random nature of
the ice-induced 1loads can be clearly seen. The statistical
analyses are not, however, included in this report and reference
(Kujala, 1989) is referred to, where the statistical charac-
teristics are discussed for evaluation of life-time extreme

loads for the ship based on the measured results.

The maximum measured load value on the bow is 653 kN from 2nd
of May 1985, when the ship was stuck in compressing ice near
Kokkola 1lighthouse. The next biggest value is 643 kN from
10th of May 1985 near the lighthouse of Nordvalen, when the
ship hit, according to the ship's logbook, some large thick
ice floes. The maximum values of the winter 1987 (544 kN, 20th
of April and 533 kN, 6th of February) both occurred near Kokkola
lighthouse, when the ship was following an icebreaker in a
heavily ridged ice. The maximum value from winter 1986 is 493
kN, which occurred in the Bothnian Sea on 24th of February,
when the ship was ramming independently through ridged ice

near the lighthouse Sappi.

The maximum measured value on the frame at midship is 323 kN
and it occurred on 26th of April in 1987 during a manned voyage
shortly before the ship got stuck in heavily ridged ice near
Kokkola lighthouse behind an icebreaker, see Fig. 16 for the
time history. The maximum value of winter 1985 occurred on 1st
of May, when the ship was stuck in compressing ice also near
the Kokkola 1lighthouse. In that situation also one strain
gauge (FFR 8 lower, see Fig. 31) was damaged due to yielding
of the frame. Also the other large values on the frame at
midship have mostly occurred in compressed ice. There are,
however, at least two exceptions; on 3rd of February in 1985
the load of value 246 kN most probably occurred during the two
and a half hour towing of the ship through ice by an icebreaker
and on the 28th of January 1987 the load of value 275 kN
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occurred during the deviation of the ship from the channel to

the level ice after a sharp turning of the icebreaker.

The measured load values on the aftship were mainly caused in
situations similer to those at midship. The maximum value of
421 kN occurred also on 2nd of May 1985 during the strong
compression near the Kokkola lighthouse. During the compres-
sion at the same place on 1lst of May 1985 a value of 362 kN
and on 3rd of April in 1985 a value of 327 kN were reached.
The towing of the icebreaker on 3rd of February 1985 caused a
load of 310 kN. The maximum value of winter 1987 is 362 kN and
it occurred on 6th of February behind an icebreaker also near

the Kokkola lighthouse.

Fig. 20 gives the distribution of the total obtained data of
the maximum loads and stresses on various parts of the ship
and appendix 10 shows the data obtained annually in various sea
areas as defined in Fig. 9. As can be seen from Fig. 20 the
mean actual yield stress of the normal strength steel used
(nominal 235 MPa, mean 289 MPa, see reference Kujala 1989)
has been exceeded 4 times on the bow plating, twice on the
bow frame, once on the midship frame and once on the aft
plating. The stress levels on the plating and frames have been
about the same except on the bow plating, where the frequency
of high stresses is higher than on the frame. The measured
stresses are very sensitive to the location of the contact
between ship and ice, therefore the draught distribution given
in Fig. 10 has a great effect on the measured stresses on the

plating and frames in various parts of the ship.

Fig. 21 summarizes the measured maximum loads as a function of
the maximum ice thickness during the 12-hour measuring period
in various ice conditions. The ice conditions are grouped as
specified in chapter 3.2.3. The data is also grouped in three
categories according to the type of ice navigation during the
12-hour period; independent navigation, icebreaker assistance
or both of these types of navigation. The navigation in thick
ridged ice with icebreaker assistance caused most of the extreme
loads especially at mid- and aftship. At the bow independent

navigation also caused high extreme load values. In most cases
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the highest loads, while navigating independently, have occurred
with maximum ice thicknesses in the region of 40-50 cm and
thereafter with higher ice thicknesses the loads decrease. In
fast ice, the loads encountered were considerably lower than
in ridged or fast ice.

KEMIRA 1985-1988
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Fig. 20a . Sample of the total measured 12-hour maximum stress
on the deck plating at midship (dynamic part,HB1s).
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KEMIRA 1985-1888

25_._ - i e meii = m e memm—ees ————— - N S R ————
s _ Channe:Max (FFRI,2,3)
7]
E opH Sample Size: 242
(1}] 4
g
= 15+
Q =
5 2727

134 23
g 2150 19
: i
3 59— 1
= .
o i
S Ln IR 2 2a 2

b 1o [e 288 3%@ 420 438 5S6@ 638 700
Response [KkNI

25....,..._ s == e G VU G SR e
5 ] Channe1:FN4
o .
E 23 Sample Size: 228
[1b) -
]
5 154
o} K 28
()]
9 18+
c
&
S o
o]
o ]
°© gL ERET SE

35 B 165 148 175 =2le eds 28 3ls 359
Response [N/mm~2]

25 2 = e e o o e e e e . e
- 4 Channel:PLS
4.2 23 Sample Size: 238
]} -
0
= 15
Q &
[1}]
0 1823
E = 1815
3 5 1H9
6]
g J
S, e m%—%u—k%g

&5 13@ 175 218 245 288 315 350
Response L[N/mm~Z2]

Fig. 20b . The sample of the total measured 12- ~hour maximum
loads, stress on plating (PL5) and stress on frame (FN4) at
the bow.



43

KEMIRR 1885-1588
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KEMIRA 1985-1988

the aftship.
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4.3 Comparison of the results with ice rules

The design ice loads according to the present ice rules (1985)
together with measured winter maxima in various sea areas are
given in Fig. 22. As can be seen, the measured loads are con-
siderably higher than those given in the rules. The design
loads are, however, related to the design formulations of the
rules used and therefore this does not indicate as such that the
design loads are too 1low. The level of ice-strengthening
according to the measured results is discussed further in
reference (Kujala, 1989), where the failure probability of

the frames is evaluated.

Design loaéds

Bp o

(RO
A
i
[
I
o

85 86 87 88 85 86 87 88 85 B6 a7 88

M ppto Bothnia Bay E Upto Bothnia Sea South Baltic

Fig. 22. The measured winter maximum load values in various
sea areas and on various parts of the ship. Also the de51gn
loads for the frames of M/S Kemira according to the latest ice

rules are given.

Another way to compare the rule approach and the results of
the present study is to compare the relationship between loads
on various parts of the ship given by the rules and measured
maxima. Table 5 shows the results of the comparison. The
measured values give somewhat lower relative values for the
midship and considerably higher for the aftship than those

given by the ice rules.

e




A g e

49

bie 5. comparison of the relative loads on various parts of a
T:ip according to ice rules and to the measured maxima.
s

E;;;;ion Rule value Measured maxima
1A Super 1A Bothnian Bothnian Baltic
Bay Sea proper
.
Mid/Bow 0.636 0.540 0.494 0.460 0.724
Aft/Bow 0.477 0.413 0.644 0.521 0.679

For design purposes, the ice loads as a function of the distance
from the waterline are also important. Therefore in Fig. 23 the
measured load values are plotted as a function of this distance.
As can be seen, the ice can cause loads down to 4-5 nm below the

actual waterline. The maximum loads almost linearly decrease

when the distance increases. Above the waterline remarkable ice
loads can occur as high as about 1 m above the waterline. Fig.
23 also illustrates the extent of ice framing required in the
present ice rules. The extent of the ice framing seems to be
adequate above the waterline, but below the waterline at mid-

and aftship some extensions should be considered.
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Fig. 23a. The measured 12-hour maximum load values as a function
of the distance from waterline at bow.



50
400 i | | o
‘ |
[kN] | |]—ice rules — - MID
;320 | | ]
L #* * * f
o 2L’C I *ﬁ * = I
a x Lot *
d I k* ¥ t ﬂ* i it
* 1 % %
160 T ** *n ¥ % o
L Pt B l ¥
. || Wl Eehaty | :
80 7 ﬁu*;*%ﬁ‘ﬁ* L SO i
bl R M E
1 ¥ [T s mhﬁjﬂ **,elimH *® Y ‘
) 1 0 1 2 3 b
above below

Distance [m] )
Fig. 23b. The measured 1l2-hour maximum load values as a functilon
of the distance from waterline at midship.

[kN —ice 'ule*s i | AFT |
|
L%OO | . % i “
L I * L | I
©300— =sxly
PO I B L P
4 200 ’ ® : 3"*** i *
100l . L
3 W syl "
* ¥ 1"‘?".’?: e = Tk 9‘* "
* ' 0‘: Fex Jn%fl-ii-: ",':3 . My Z«
0 - "1 *r:# St gﬁ LR ﬂrﬁézﬁﬂ; i:;"‘
7 1 0 1 2 3 i
above below

Distance [m]
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4.4 On the accuracy of the measured results

Finally the accuracy of the measured load values on the frames
is discussed. The general level of the measured loads can be
checked by comparing the measured loads (FFR2, FFR7, FFR12)
with the measured bending stresses at midspan of the frame
(FN4, FN9, FN1l4) as shown in Fig. 24. This figure also shows
the calculated relationships between load and stresses on the
frames using the FE-model of Fig. 4 with varying load heights
and locations of the load. For the aftship frame, the comparison
is based on the inside point force calibration, because during

this calibration, the strain gauge FN 14 was found to be in the

i
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ce. This gauge should be located above the web of the

put the gauge FN 14 was located at the edge of the flange

40-50 % lower values for the stresses than the FE-model
above the web plating. Fig. 24 illustrates that the

red stresses and loads have good comparability.
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Fig. 24. Comparison of the measured loads at midspan channels
(FFR2, FFR7, FFR12) with the measured stresses at the flange
of the frames at midspan (FN4, FN9, FN14). Also the calculated
relationship and relationship obtained with physical calibra-
tion between load and stress are given varying the location of
the load within the load measuring area.

Another way of comparing the results is to plot the measured
maximum values of the individual load channels (as FFR1,FFR2,
FFR3) in the same picture with the measured total load (FT17)
on the frame. This comparison can be made only for winters 1987
and 1988, because the total load channels were not connected to
the system in the winters 1985 and 1986. Fig. 25 shows the
results of this comparison. As can be seen, the results follow
quite accurately the equality line even though some fluctuations
exist. This is probably due to the local effects of the ice in-

duced loads on the shear strain gauges, when the load is Jjust

above the gauge.
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Fig. 25. Comparison of the measured loads on various parts of
the instrumented frames (FFR-channels) with the total measured
load on the frames (FT-channels).

The uncertainty of the measured load values is evaluated on
the basis of Fig. 25. It is assumed that the measured load
values of the total load channels can be considered accurate so
that the difference of the measured individual channels from
these values form the model error. Table 6 gives the obtained

mean values and standard deviations for the error.

Table 6. Statistical characteristics of the error in the measured
loads.

Location Mean Standard G0

value deviation (%)
Bow 1. 03 0.242 24.0
Mid 0.98 0.315 32.0
Aft 0.90 0.221 24.6
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- CONCLUSIONS
The automatic measuring system on board M/S Kemira has worked

uccessfully for four winters. The ship was navigating in ice

% of the total measuring time and encountered
was navigation with

s
during about 18

jce loads during 211 days, of which 26 %
jcebreaker assistance. The mean values for the model error of

the measuring system vary in the range 0.90-1.01 and standard

deviations from 0.22 to 0.32.

Most of the highest loads encountered have occurred in heavily
ridged ice near the Kokkola lighthouse both during navigation
through the ridge and while stuck in compressing ridged ice.
The maximum value measured on the bow frame is 653 kN, on the
midship frame 323 kN and on the aftship frame 421 kN. When these
values are compared with the design load values according to
the present Baltic ice rules the difference is greatest, in

relative terms, at the aftship.

The mean actual yield stress of the normal strength steel used
has been exceeded 4 times on the bow plating, twice on the bow
frame, once on midship frame and once on the aft plating. The
only damage to the strain gauges due the large permanent dis-
placement took place at the lower part of the midship frame in

compressing ice near the Kokkola lighthouse.

Ice-induced loads have a clear stochastic nature. New approaches
are needed to evalute in statistical terms the occurrence proba-
bility of extreme loads in various ice conditions and operation
situations so that a sound basis for design purposes can be
found. It is hoped that the data given in this report will be

useful for such purposes.
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Appendix 2/1

the Operation schedule of M/S Kemira during the winters 1985-1988

Departure Arrival

pate Time Port Date Time Port

2. 2. 7.20 pm Uusikaupunki 4., 2. 2.15 am Kokkola

4. 2. 6.10 pm ZKokkola 6. 2. 7.15 pm Storungs

7. 2. 5.45 pm Storungs 9. 2. 2.15 pm Kokkola

i 13. 2. 7.45 pm Kokkola 15. 2. 4.00 am Uusikaupunki
' 15. 2. 8.00 pm Uusikaupunki 16. 2. 3.10 pm Ventspils

17. 2. 10.20 am Ventspils 18. 2. 9.00 am Uusikaupunki
19. 2. 2.40 pm Uusikaupunki 21. 2. 5.00 pm Wismar

24. 2. 8.30 am Wismar 28. 2. 7.20 am Kokkola

5. 3. 6.30 pm Kokkola 10. 3. 11.00 am Immingham
13. 3. 9.05 pm Immingham 15. 3. 10.05 pm Teesside

16. 3. 8.20 pm Teesside 20. 3. 6.30 pm Uusikaupunki
20. 3. 10.20 pm Uusikaupunki 22. 3. 11.30 am Kokkola

26. 3. 10.00 am Kokkola 27. 3. 5.20 pm Uusikaupunki
28. 3. 2.15 pm Uusikaupunki 29. 3. 10.00 am Storungs

29. 3. 5.35 pm Storungs 1. 4. 1.30 am Kokkola

2. 4. 11.30 pm Kokkola 4. 4. 9.00 pm Uusikaupunki
5. 4. 5.05 am Uusikaupunki 8. 4. 12.00 am Wismar

11. 4. 2.00 pm Wismar 13. 4. 10.55 am Uusikaupunki
13. 4. 3.15 pm Uusikaupunki 14. 4. 10.15 pm Kokkola
17. 4. 10.20 pm Kokkola 19. 4. 3.45 am Uusikaupunki
20. 4. 0.10 am Uusikaupunki 21. 4. 11.50 am Storungs
22. 4. 4.40 pm Storungs 25. 4. 9.40 am Kokkola
27. 4. 0.40 pm Kokkola 28. 4. 00:50 pm Uusikaupunki
29. 4. 7.45 pm Uusikaupunki 30. 4. 9.00 pm Kokkola

1. 5. 10.50 am Kokkola 2. 5. 6.40 pm Uusikaupunki
3. 5. 4.40 am Uusikaupunki 4. 5. 6.00 pm Storungs

6. 5. 2.10 pm Storungs 8. 5. 8.15 pm Kokkola

10. 5. 6.50 am Kokkola 13. 5. 6.50 am Fredericia



Winter 1986

Departure

Date

Time

Fe: e 5.00 am

6. 1. O.

05 pm

8. 1. 5.50 am

12. 1. 4.

30 pm

17. 1. 7.35 pm
19. 1. 3.20 pm

21. 1. 9.
23. 1. 10.
29. 1. 8.
31. 1. 2.
4. 2. 6.
6. 2. 11.
14. 2. 4.
18. 2. 5.
21 2w 9.
23. 2. 6.
2+ 3= Bs
5. 3. 0.
85 Bl T
10. 3. 6.
13. 3. 10.
22, 3. B
28. 3. 3.
29. 3. 7.
4. 4. 3.
6. 4. 2.
7. 4. 8.
8. 4. 6.
12. 4. O.
13. 4. 1.
14. 4. 8.
18. 4. 2.
i9. 4. 8.
21. 4. 4.
24. 4. 8.
26. 4. 3.

10 pm
10 pm
15 am

25 pm
30 pm
35 pm
20 am
00 am
15 pm
30 am
30 am
30 am
40 am
20 pm
45 pm
25 am
05 pm
20 pm
25 am
15 am
05 am
30 pm
15 am
50 pm
30 pm
05 pm
45 pm
45 am
20 pm
10 am

27w 4 6.40 am
28. 4. 6.00 am

Port

Uusikaupunki
Kokkola
Uusikaupunki
Wismar
Kokkola
Uusikaupunki
Storungs
Kokkola
Wismar

Uusikaupunki
Kokkola
Uusikaupunki
Immingham
Hamburg
Uusikaupunki
Ventspils
Kokkola
Uusikaupunki
Wismar
Uusikaupunki
Hamburg
Kokkola
Uusikaupunki
Storungs
Kokkola
Uusikaupunki
Ventspils
Uusikaupunki
Kokkola
Uusikaupunki
Storungs
Kokkola
Uusikaupunki
Ventspils
Kokkola
Uusikaupunki
Kokkola
Uusikaupunki

Date

4.

7.
11
15.
18.
21
23.
27.
3.4...

1.
6.
10.
15.
21.
22.
28.
4.
7.
10.
13
19.
27.

20.
22.
25.
26.
28.

1.
1.
i
1.
1.
L
1
1.
1.

2.
2.
2.
2.
2.
2.
2.
3.
3.
3.
3.
s
3.
3.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
8.

Arrival

Time

6.50
9.40
1+10
4.25
9.45
0.40
11.05
1.05
10.05

1.10
4.05
4.20
4.45
2. 1.5
4.10
5.20
9.00
1.40
6.45
8.30
7.00
3.30
8.30
6.15
6.30
10.15
0.40
8.40
2.50
7.40
4.40
9.50
4.30
4.00
5.30
9.15
0.37
4.00

am
am
joanl
am
pm
am
am
Pm
am

pm
am
pm
pm
am
pm
pm
am
pm
am
am
pm
pm
am
am
am
pm
pm
pm
am
am
pm
am
pm
pm
pm
pm
am
pm

Appendix 2/2

Port

Kokkola
Uusikaupunki
Wismar
Kokkola
Uusikaupunki
Storungs
Kokkola
Wismar
Uusikaupunki

Kokkola
Uusikaupunki
Immingham
Hamburg
Uusikaupunki
Ventspils
Kokkola
Uusikaupunki
Wismar
Uusikaupunki
Hamburg
Kokkola
Uusikaupunki
Storungs
Kokkola
Uusikaupunki
Ventspils
Uusikaupunki
Kokkola
Uusikaupunki
Storungs
Kokkola
Uusikaupunki
Ventspils
Kokkola
Uusikaupunki
Kokkola
Uusikaupunki
Immingham



| yinter 1987.
Departure
pate Time
78. 1. 6.57 pm
935 3 1.55 am
3. 2. 10.10 am
70. 2. 9.00 pm
13. 2. 10.00 am
14, 2. 9.00 pm
18. 2. 9.50 pm
23, 2. 9.30 pm
25, 2. 0.25 am
7. 3. 7.10 pm
12. 3. 8.30 pm
31. 3. 4.00 pm
2, 4. 2.30 am
3. 4. 4.10 am
7. 4. 11.15 pm
9, 4. 4.10 pm
13. 4. 8.30 pn
16. 4. 3.05 pm
22. 4. 4.30 pm
25. 4., 6.30 am
28. 4. 5.25 pm
30. 4. 0.20 pm
65« 5.
13. 5. 6.20 pm
15. 5. 5.50 pm
18. 5. 4.20 pm
20. 5. 3.05 am
20. 5. 9.15 pm
22. 5. 2.40 pm

Port

Kokkola
Uusikaupunki
Wismar
Kokkola
Uusikaupunki
Storungs
Kokkola
Fredericia
Wismar

Gavle
Uusikaupunki
Turku
Ventspils
Uusikaupunki
Kokkola
Uusikaupunki

Fredericia
Wismar
Kokkola
Uusikaupunki
Kokkola
Uusikaupunki
Wismar
Kokkola
Uusikaupunki
Kokkola
Uusikaupunki
Mantyluoto
Storungs

Date

29.
2.

LT
14.
le6.
21.
24.
4.
11.
13.
1.
2.
4.
9.
12.

14.
20.
24.
26.
30.

3.

9.
14.
16.
19.
20,
21.
24.

L
2.

2.
2.
2.
2.
2.
3.
3.
3
4.
4.
4.
4.
4.

4.
4.
4.
4.
4.
5.
5.
5.
Lo
5.
5.
5.
5.

Arrival

Time

7.30
3.15
0.10
10.25
3.30
1.30
11.15
8.00
0.05
2.30
7.45
3.30
10.00
1.40
5.00
7.35

1.00
4.10
12.00
3.30
1.30

4.00
8.20
1.00
2.45
9.30
11.05
1.10

pm
pm
pm
pm
am
pm
pm
am
am
am
am
pm
pm
pm
am
am

pm
am
am
pm
am

am
pm
pm
pm
am
pm
am
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Port

Uusikaupunki
Wismar
Kokkola
Uusikaupunki
Storungs
Kokkola
Fredericia
Wismar

Gavle
Uusikaupunki
Turku
Ventspils
Uusikaupunki
Kokkola
Uusikaupunki
Fredericia

Wismar
Kokkola
Uusikaupunki
Kokkola
Uusikaupunki
Wismar
Kokkola
Uusikaupunki
Kokkola
Uusikaupunki
Mantyluoto
Storungs
Kokkola




Winter 1988

Departure
Date Time
Z: YTz 5:35 pn
13. 1. 10.05 pm
15. 1. 5.25 am
18. 1. 4.10 pm
22. 1. 1.45 pm
24. 1. 8.05 pm
27. 1. 10.25 am
28. 1. 5.40 pm
30. 1. 4.00 pm
31. 1. 7.20 pm
5. 2. 0.50 pm
6. 2. 3.45 pm
8. 2. 4.10 pm
10. 2. 5.20 pm
11. 2. 9.45 pm
14. 2. 8.10 pm
17. 2. 3.45 pm
19. 2. 8.45 pm
24. 2. 2.15 pm
26. 2. 5.40 pm
29. 2. 11.05 pm
2. 3. 6.20 pm
3. 3. 7.35 pm
Be 3. 9.05 pm
Tuw B 2.00 am
10. 3. 0.15 am
11. 3. 11.50 am
14. 3. 0.40 pm
18. 3. 0.40 am
22. 3. 2.05 pm
24. 3. 10.50 am
29. 3. 2.35 pm
30. 3. 0.10 pm
2. 4. 4.15 am
7. 4. 0.20 pm
8. 4. 5.40 pm
12. 4. 1.20 am
14. 4. 3.30 pm
15. 4. 6.45 pm
19. 4. 9.50 pm
27. 4. 1.25 pm
29. 4. 0.20 pm
3. 5. 4.50 pm

Port

Storungs
Kokkola
Uusikaupunki
Fredericia
Wismar
Uusikaupunki
Kokkola
Uusikaupunki
Kokkola
Uusikaupunki
Fredericia
Rostock
Uusikaupunki
Kokkola
Uusikaupunki
Fredericia
Wismar
Uusikaupunki
Oulu
Uusikaupunki
Fredericia
Storungs
Uusikaupunki
Kokkola
Uusikaupunki
Fredericia
Wismar
Uusikaupunki
Kokkola
Fredericia
Wismar
Kokkola

Rauma

Wismar
Kokkola
Uusikaupunki
Storungs
Kokkola
Uusikaupunki
Fredericia
Ventspils
Uusikaupunki
Kokkola

Date

9. 1.
14. 1.
17. 1.
21. 1.
24. 1.
25. 1.
28. 1.
29. 1.
31. 1.

Fa 24

5o 2.

8. 2.

9. 2.
11. 2.
13. 2.
15. 2.
19. 2
21. 2.
26. 2.
28. 2

2. .3

3. 3.

4. 3.

6. 3.

9. 3.
10. 3.
13. 3.
15 3
20. 3.
23 3%
2% s
3. 3.

1. 4.
4. 4.
8. 4.
11. 4.
13. 4.
15. 4.
18. 4.
25. 4.
28. 4.
30. 4.

Arrival

Time

6.20
7.45
7.25
2.25
1.20
3.20
8.05
6.45
2.25
10.45
12.00
9.05
10.40
0.30
9.25
5.25
2.20
4.15
2.30
5.05
8.30
0.40
3.50
5.30
0.40
0.40
11.50
0.30
5.40
6.05
5.10
9.05

9.10
5.10
8.45
6.05
9.00
9.55
8.20
9.15
6. 25
9.40
6.45

am
pm
am
pm
pm
pm
am
pm
pm
pm
pm
am
am
pm
pm
pm
pm
am
am
pm
am
pm
pm
pm
am
pm
am
pm
pm
am
am
am
am
pm
am
pm
am
am
am
pm
pm
am
am
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Port

Kokkola
Uusikaupunki
Fredericia
Wismar
Uusikaupunki
Kokkola
Uusikaupunki
Kokkola
Uusikaupunki
Fredericia
Rostock
Uusikaupunki
Kokkola
Uusikaupunki
Fredericia
Wismar
Uusikaupunki
Oulu
Uusikaupunki
Fredericia
Storungs
Uusikaupunki
Kokkola
Uusikaupunki
Fredericia
Wismar
Uusikaupunki
Kokkela
Fredericia
Wismar
Kokkecla
Rauma

Wismar
Kokkola
Uusikaupunki
Storungs
Kokkola
Uusikaupunki
Fredericia
Ventspils
Uusikaupunki
Kokkola
Fredericia
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g ———

e

nd ic give ice type and concentration. IC is the

spary ice type.

8 new ice, level ice, rafted ice, fast ice

- 30 new ice, level ice

31 rafted ice (<50% of grid eell) -
32 " " (>50% of grid cell)

33 fragile spring ice (rotten ice)

= 34 -

1

w

(S
1

[ TR T
w
~
|

39 fast ice @
|

T =4 belts of slush and shuga

1c = 40 loose slush and shuga
= 41 compact shuga, width 0 - 1/2 nautical miles

= 42 " "y " 1/2 - 1"

= 43 # "oy, “ 1 -3 "

= 44 " S " > 3 "

= 45 compact, frozen shuga, width 0 - 1/2 nautical miles
= 46 n ; " L " 12 — 31 °

= 47 " ¥ " oy " =3 "

= 48 " i " "o Y > 3 "

= 49 -

I =5 pack ice, small and medium floes (< 500 m)
ice ccncentration

Ic = 50 pack ice, small and medium floes < 1/10

=51 ®, B " 1 - 2/10
=52 " ", " " 2 - 3/10
=53 " ", " 3 - 4/10
=54 " ", " g 4 - 5/10
=55 " ", " . 5 - 6/10




1]

Il

1]

56
o7
58
59

60
61
62
63
64
65
66
67
68
69

70

7.
72
73
74
75
76
77
78
79

ridged ice

80
81
82
83
84
85
86

pack ice,

Appendix 3/2

! - 6 = FfL0
. i 7 - 8/10
" “ 8 - 9/10
! " 9 =10/10

large floes (> 500 m)

pack ice,

’

r

r

ridged ice,

ice concentration

large floes < 1/10

~ 2710
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87 " oy " 9 -10/10

88 disintegrating ridges

Il

89 ridged floes, growlers

D - ice thickness (thickness = D2)

D = 0 no information on thickness
=1 thickness 1 - 2 cm
= 2 " 3- 6"
= 3 " 7T =212 *
= 4 " 13 = 20 ¥
=5 " 21 - 30 "
= 6 " 31 —~ 42 ¥
= 7 " 43 - 56 "
= 8 " 57T = 72 v
=9 % 73 *
Leads and eddges = 9RKic
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First digit equals 9 indicates leads or ice edges.

R = direction

K = concentration of open water in the square

R

direction perpendicular to 0

the dominant ice type from the 6 L ik 5
-

ice towards the open water 5 ] 3

according to figure.
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M/S Kemira during the winter 1985
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Appendix 5/2

operation profile of M/S Kemira during the winter 1986
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Appendix 5/3
Operation profile of M/S Kemira during the winter 1987
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Appendix 5/4

operation profile of M/S Kemira during the winter 1988
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Appendix 5/5

Profile of ice navigation of M/S Kemira during the winter 1985
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Appendix 5/6

profile of ice navigation of M/S Kemira during the winter 1986
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Appendix 5/7

Profile of ice navigation of M/S Kemira during the winter 1987
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Appendix 5/8

profile of ice navigation of M/S Kemira during the winter 1988
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Appendix 6/1

Voyage in various ice conditions while navigating independently
during the winter 1985
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n various ice conditions with IB assistance during the

]

Bothnian Bay 1985, IB assistance
Prim
i
:
i :
b u
m :
3==12 13==20 2{--30 31--42 43--56 57--72 73--
Ice thickness [cm] '
Bothnian Sea 1985, IB agsistance
0
o
S B\ i
C _
|

3--12 13--20 21--830 31--42 43--56 57--72 73-~-

Ice thicknsszz [cml
;
i Brast ENew pack B Ridged
- T e B L N M e

s :.’;zﬂ




Appendix 6/3

Voyage in various ice conditions while navigating 1ndependently
during the winter 1986

Bothnian Bay 1986,‘ Independent
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voyage in various ice conditions with IB assistance during the

winter 1986
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Bothnian Bay 1986, IB assistance
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Appendix 6/5

Voyage in various ice conditions while navigating independently
durinao the winter 1987

Bothnian Bay 1987, Independent
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Appendik 6/6

yoyage in various ice conditions with IB assistance during the

winter 1987
Bothnian Bay 1%87, IB assistance
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Appendix 6/7

Voyage in various ice conditions while navigating indepehdently
during the winter 1988
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Appendix 7/1

Voyage 28th to 29th of January 1987

nisde F 81

Route of the ship skt - 10p 7 om
- Rataskr 4 O LR
> 0-75
Jekobated
+
| 4a Sisu
ydoutheotten m_})a
ORNYKOLDSVIK . i B
2 " A Ve |7
e 48 1
¥ 105070
er ¥ = ¥ -
ROBAND v Ba ¥
¥ = + RASKIYEN
¥ il *
¥ Otko
£ ¥
Bell <2
¥ A N #[] v
Py -
. . B4 TN A 76
Y + * ¥
s ¥ 5 2pm :
¥ EYS
¥f— ¥ ¥ :
291
( ¥ % . :
-, ’/m ’\"/ 7..30 P
W = AL
- 7.\ > ORKE
R= 4
5
Summary of encountered ice conditions
Voyage 28--29.1.1987 Draught: Bow=s 7.3 , Hid=7.5 , Aft=7.7
pay |Start | Navigation time Time Voyage Environmental conditions Remarks
Indep. Icebreaker| in ice in ice Ice thickness Ice type Air[ Wind |
assist  tow.| (hour) | (miles) |class % class % | Index % _index %|T (€ ) (m/s)

28.1 |7pm 1 1 5,5 7 100 39 100 =15 Urho assisting
8pm 1 1 5,5 7 100 39 100 B 0.5h stuck
Fpm 1 1 10 6 100 &7 100 =15
10pm 1 1 10 6 100 67 100 -18 out from ch. in sharp turn
11pm 1 1 " [} 100 67 100 -18

29.1 |Oam 1 1 10 6 100 68 100 =19 out from ch. to pass s shi
1am 1 1 1 [ 100 68 100 -18 Otso assisting
2am 1 0,7s 7 [ 100 68 100 -18
3am 1 1 1 6 100 68 100 -18
4am 1 1 13 6 100 68 100 -18|
Sam 0,25 0,75 1 1 6 100 &5 100 -18]

Gam 1 0,5 7 3 100 30 100 -13
7am 1 0,5 7 3 100 30 100 -13
Bam 1 1 14 3 100 30 100 -13
Qam 1 1 12 3 90 6 10 30 90 80 10 -13
10am 1 1 12 3 0 é 10, 30 0 8o 10 -11
11am 1 1 13 3 100 30 100 -9
Opm 1 1 13 3 100 30 100 -8
1pm 1 1 13 3 90 -] 10 30 90 80 10, -B|
2pm 1 1 13 3 %0 ] 10| 30 0] 80 10 -9
Spm 1 1 1 3 50 5 50 30 50 70 50 -12
4pm 1 1 1 7 100 39 100 -14
Spm 1 1 10 7 100 39 100 -14 out of ch. to fast ice
bpm 0,25 0,25 1 7 100 39 100 14 from fast back to ch.




Appendix 7/2

Voyage 10th to 11th of February 1987

Route of the ship

Summary of encountered ice conditions

'{ YA
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ar
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a5 v ARSAARE | Jidebotad
fner - /
3 1 [bptoureons § am- Vhdh o & U ho
[ DsVIK - : % 5680
0 ’ SA  Vem

Voyage 10.--11.2. 1987 Dreught: Bows T.4, Hid=T.5 , Aft=T.6
Day |Start| Nevigation time Time Voyage Environmental conditions Remarks
Indep. lcebresker| in fce | in ice 1ce thickness Ice type Air | Mind |
assist  tow.| (hour) | tmiles) iclass k3 class % | Index % _index %|T (C ) (m/s)

10.2 [9pm 1 1 [ 8 100 39 100 -15 Urho assisting
10pm 1 1 & 8 100 39 100 -1é 0,5 h stuck
11pm 0,5 0,5 1 4 8 100 39 100 -15

11.2 [0am 1 1 12,5 6 100 69 100 -4
1am 1 1 12,8 6 100 69 100 -i2
2am 1 1 12 6 100 59 100 -12
3am 1 1 12,2 6 100 69 100 -12
4am 1 1 12,8 6 100 -1 100 =15
Sam 1 1 12,5 6 100 69 100 =14
bam 1 1 12,7 & 100 69 100 -14
Tam 1 1 12,5 6 100 69 100 -2
Bam 1 1 12,8 6 100 69 100 -10
Qam 1 1 12,5 5 100 69 100 -8
10am 1 4 12,6 5 100 &9 100 -8
11am 1 1 13,2 5 100 69 100 -8
Opm 1 0 0] -8 open Water
1pm 1 0 i -8 u
2pm 1 0 0 -7 "
3pm 1 1 12.1 3 20 6 10 30 g0 80 10 -7
4pm ] 1 10 4 50 6 50 30 50 80 50 -6
5pm 1 0,5 6,5 2 100 30 100 -6
Spm 1 0,5 6,5 2 100 30 100 -5
7pm 1 1 11 2 50 T 50 30 50 39 50 -5
Bpm 1 1 8 7 100 39 100 -5 out of ch. to pass & ship
Ppm 1 1 8 7 100 39 100 -5 out of ch. in sharp turnin




Voyage 31th of March to 1st of April 1987

Route of the ship
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Appendix 7/3

Voyage 31.3.--1.4.1987 Draught: Bow= 5.4 , Mid=4.8 , Aft=f. 4
Day |Start| Mavigation time Time Voysge Environmental conditions - . Remarks
Indep. Icebresker| in ice in ice Ice thickness Ice t):pe Air lhnd1
assist  tow.| (hour) | (miles) |class 3 class % | Index % _index X{T (€ )] (m/s)
31.3  |6pm 1 1 1 8 100 39 100 1
7pm 1 1 13 8 100 39 100 0
8pm 1 1 7,5 8 100 39 100 -2
Ppm 1 1 10 8 100 39 100 -2
10pm 1 1 13 8 100 19 100 -1
11pm 0,75 0,75 2 8 100 39 100 -1 )
1.4 Dam 0 0 0 wait for .I.B
1am 1] 0 0 "
2am 0 0 0 .
3am 0 0 0
4am 0,75 0,75 6,5 5 100 59 100 -1|6s5Ws
Sam 1 1 8 5 100 59 100 -1
Voyage 1st to 2nd of April 1987
2 - UUSI“JPUNKI
Route of the ship N
z.4
A
10pm
Soh 7 TALL Nids
) P 5 & % i QV TURKU A
A
O 2
<
? O' L O A BLnluFlr\q
| L+
P L]
12am
[ LU
Summary of encountered ice conditions
VYoyage 1-2.4.1987 Draught: Bow= 7.0 , Hid=7.2 , Aft=T.4
Day |Start | Navigstion time Time Voyage Environmental conditions Remarks
Indep. Icebreaker| in ice | in fce Tce thickness Ice type Afr [ Wind |
assist  tow.| (hour) | (miles) |class * class X | Index % _index XIT (C 3] (m/s)
2.4 Opm 1 0,5 5 5 80 [ 20 &1 100 1
1pm 1 1 9 5 80 6 220 8 100 1
2pm 1 1 5,5 5 50 8 50 81 50 39 50 2
3pm ' 1 13 8 100 3 100 2
4pm 1 1 12 8 100 39 100 2
Spm 1 1 kAl 8 100 39 100 2]
&pm 1 1 13 8 100 39 100 3
7pm 1 1 11 8 100 39 100 3
8pm 1 1 12 8 100 39 100 3
Ppm 1 1 10 8 100 39 100 3




Voyage 25th to 26th

Route of the ship

AT LE.

it et g 4

C, {amls

e
morra Léngrogrunget

B o

Vannsksr
Siked

HRatashar
x

8am

of April 1987

Appendix 7/4

V7 A aiasors

*Zﬁia 0-60L

B

=

Summary of encountered ice conditions
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Voyage 25.--26.4. 1987 Dreught: Bows 6.8 , Mid<7.0 , Afr=7.2
Day | Start| Navigstion time Time Voyage Environmental conditions Remarks
Indep. Icebreaker| in ice | in ice Ice thickness Ice type Air| Wind |
assist  tow. (hour) (miles) |class % class % | Index % index %IT (C )] (m/s)

25.4 |2pm 1 0,4 5 5 75 6 25 a0 100 33N
3pm 1 0,4 5 5 75 6 25 81 100 44N
4pm 1 0,5 [ 5 75 ] 25 80 100 45N
Spm 1 0,4 5 5 75 ) 25 80 100 35N
&pm 1 0,4 5 5 75 L] 25 80 100 2|10KE
7pm 1 0,2 2,5 5 75 ] 25 80 100 2|10KNE
8pm 1 0,4 4 5 75 [} 25 80 100 2/ 10NE
Spm 1 1 11 5 80 6 20 59 100 2110NE
10pm 1 0,2 2 5 75 3 25 BO 100 2|10NE
11pm 1 0,2 3 [} 100 a0 100 2|10NE

26.4 |0am 1 0 0 1|2NE open water
1am 1 0,5 6 5 4] 6 25 80 100 1|2NE
2am 1 1 12 5 100 52 100 0|2NE
Tam 1 0,3 3 5 100 80 100 0|2NE
Lam 1 0,3 3 5 60 6 40 80 100 Ol4NE
Sam 1 0,4 5 5 70 -] 30 80 100 1|4NE
Gam 1 1 12 & 100 70 25 58 75 Dj4RE
Tam 1 1 iz 6 100 59 100 0}4NE
Bam 1 1 10 & 100 70 100 O|4NE old channel,some level ice
Qam 1 1 10,5 7 100 70 100 O|4NE "
10am 1 1 11,5 7 100 70 100 Z|4NE "
11am 1 1 10 7 S0 8 10 70 100 2|4NE L
12am 1 1 10 7 70 8 30 80 100 1|3NE Xontia assists
1pm 1 1 [ 8 100 81 100 2|3NE 0.5 h stuck
2pm 1 1 -] 8 50 9 50 81 50 39 50 2{3KNE
3pm 0,5 0,5 4 9 100 39 100 2|3NE




Voyage 20th to 21st of February 1988

Route of the ship
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Summary of encountered ice conditions

Voyage 20.--21.2.1988 Draught: Bow= 6.8 , Mid=s7.0 , Aft=7.2
Day |[Start| Navigation time Time Voyage Environmental conditions & Remarks
Indep. Ilcebreaker| in ice | in ice lce thickness Ice type Afr ] Wind |
asgist  tow.| (hour) | (miles) |class X class X class % | Index % _index X|T (C )| (m/s)
20.2 {10am 1 1 13,5 3 100 30 100 =12|5NE channel
11am 1 1 13 2 15 3 70 4 15 30 100 ~12|5NE L
12am 1 1 13 2 15 3 70 4 15 30 100 -12|5NE L
1pm 1 1 13 3 60 4 40 30 100 =13 0 o
2pm 1 1 13 3 60 4 40 30 100 -13 0 "
3pm 1 1 13 3 30 4 70 30 100 -13 0 L
Lpm 1 1 12 3 15 4 70 5 15 30 100 -13 0] "
Spm 1 1 11,5 3 15 4 70 5 15 30 100 <15, 0 L
Spm 1 1 1,5 4 50 5 50 30 100 -15 0 "
7pm 1 1 1,5 4 40 5 L0 30 100 -15 0] *, some level ice
Spm 1 1 9,5 4 60 5 40 30 100 =18 [} "
9pm 1 1 12| [ 70 5 20 L) 10 59 70 30 30 -18 0 "
10pm 1 1 10 5 50 ] 50 59 50 70 50, -19 Ofsearch for fast ice ch.
11pm 0,1 a1 1 7 100 59 100 -19 010.%h stuck
21.2 |Oam 0,5 0,5 [ 8 100 85 100 -19 Olurho assists, 0.5 h stuck
Tam 1 1 8 8 100 39 100 -19 0
Zam 1 1 8 8 100 39 100 =19 0
3am | 1 8 8 100 39 100 -19) 0




Voyage 24th to
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summary of encountered 1ce conditions
Voyage 26.--26.2. 1988 praught: Bow= 6.2, Hid=6.6 , Aft=T.1
Day |Start Navigation time Time Voyage Environmental conditions Remarks
Indep. lcebreaker| in ice | in ice Ice thickness Ice type Air| Wind |
pssist  tow.! (hour) (miles) |class % class % | Index % index % |1 (C )| (mfs)
26.2 |3pm 1 1 10 8 100 39 100 -19 0
4pm 1 1 5,5 8 100 39 100 -19 0
Spm 1 1 5,4 8 100 3% 100 -19 0
épm 1 1 7.3 8 100 39 100 -19 0
7om 0,75 0,75 8 5 50 6 50 30 sp 8 50 ~-18 o|.25h stuck
Spm 0 0 0 -17 0j1h stuck
Fpm 0 0 0 -20 0}1h stuck
10pm 4 0 0 -18 Of1h stuck
11pm 0o 0,5 0,5 3 6 100 8 100 -17 0]0.5 h stuck, Urho assists
25.2 |oam 1 1 12 5 100 8 100 -15 0
1am 1 1 [ 5 100 84 100 -15 0
2am 1 1 13 5 100 B4 100 -15 0
3am 1 1 13 5 100 84 100 -15 [}
Lam 1 1 10,5 5 100 8 100 16 0
Sam 1 1 10,5 5 100 8, 100 -14 0
6am 1 1 9,5 5 100 8, 100 -14 0
7am 1 1 11 5 100 84 100 -4 0
Bam 0,7 0,3 1 11 5 100 84 100 -13 O|kontic assists
9am 1 1 10,5 5 100 8 100 -13 0
10am 1 1 12 5 100 8, 100 -13 0
11am 1 1 1 5 100 84 100 -12 0
12am 1 1 1 5 100 84 100 -8 0
ipm | 1 10 3 85 5 15 30 85 B4 15 -7 0
2pm 1 1 1 3 100 30 100 -7 0
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Voyage 3th to 4th of March 1988

Route of the ship
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summary of encountered ice conditions

voyage 3.--4.3. 1988 Draught: Bow= 6.5 , Hid=6.7 , Aft=6.9
- e T Remarks
Day |Start Nevigation time Time Yoyage 2 Envirol tal conditions T | emar
Indep. lcebreaker| in ice | in ice ice thickness lee type ol (I:l iilid,
assist _ tow,| (hour) | (miles) |class % class % | Index :D il‘dz"? o 55 T
%3 |8am 05 0,5 1 9.5 g 23 : ;2 :g S & G ke
1 1 12 i
3;:m 0,1 0,9 1 1" 5 90 -] 10 69 100 4148 out of ch. to pass a ship
' : 16,5 5 S0 3 10 67 100 -3|BSE "
11am 0,5 0,5 1 .
12am 1 1 12,5 5 S0 6 10 68 100 -2{TSE
1pm 1 1 13 5 50 4 50 68 50 30 50 -1|7s
0,5 -] 7 100 3% 100 0i7s
2pm 1 ' 0j7s
Spm 1 1 10 7 100 39 100
Voyage 5th to 6th of March 15988
. = — ~
Route of the ship ATLE 50-30 B
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summary of encountered ice conditilons
Voyage 5.--6.3. 1988 Draught: Bow= 6.8 , Hid=7.1 , Aft=7.3
Day |Start | Navigation time Time Voyage Environmental conditions Remarks
Indep.  Icebreaker| in ice in ice i Ice thickness Ice type Air | Wind |
assist  tow.| (hour) (miles} |class 3 class * | Index X _index X __index AT (C )| (m/s)
5.3 |opm 1 1 g 7 100 39 100 2|35
10pm 1 1 1 2 100 30 100 -2|3SE
11pm 1 1 13 2 70 3 30 30 70 80 30 -2|35€
6.3 Oam 1 1) 13 4 60 5 40, 59 &0 70 20 B4 20 ~1]4SE
Tam 1 0,75 9 5 80 6 20 59 60 B4 20 ~1]4SE
2am 1 1 10 5 100 &9 50 B4 50 -1(5SE
3am 1 0,75 8,5 5 30 -] 70 59 30 69 40 80 30 -1|5SE
4am 1 1 12 5 100 5¢ 100 -1|5SE
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vVoyage 28th to 29th of January 1987

Measured l-hour maxima

B Bow SMid Aft

Voyage 28--29.1.1987

300

oot

)
g"i-“‘—.‘“__

1 6 7 8 91011121 2 4 5 6
29.1 am 29.1 pm
Measured l-hour maxima 1n various channels
DR l R I e —— —— - . R
DRY .TIME |FFRI FFR2 FFR3 FN4 PLS [FFRE FFR7 FFRS FNS PL1G FFRIIFFRI2FFRI3FNL4 PLIS HBIG
| {CKN] CkNI [kNI CN/mma2] [TkNI CkN3 Tk IN/mma2] (CkN1 [kNJ CkN3 IN/mmA2]
| | | ;
28.1 7 pm { B4 183 33 3@ 90 1 58 74 5@ l 81 36 28 3@ |5
B pm ' 64 88 5@ 4@ 9B 95 B2 4@ B8 - 93 49 am 3@ {95 :
. o pm 192 86 67 5@ 80, 23 37 3@ 3@ L 35 49 2@ 3@ 5 .
" i@ pn' ISe BE 18 5@ 8@ 75 24 5@ 3B - 175 85 Sg, 48 |18 .
. 11 pm' 42 34 15 28 5@ 23 24 3@ 28 @ 35 38 2@ 208 |5
29.1' 12 pm! 182 9618 38 42 | 55 24 2g 3@ |58 36 2@ 19 |5
i { am | 85 [208 18 hag 35 24 3@ 4@ | 48 36 20 48 |5 |
| 2 an | 128 B8 42 ose | 71 B2~ 58 60 \91 43 2@ 5 l
| 3 am | 171 51 33 38 62| 13 24 4@ 2@ | 93 36 1@ 38 |5
[ 4 am f@ag 8 33 4@ S0 |35 24 2e 3\ l as 38 28 1@ |5 1
| 5 am | 128 17 @ 1@ 10 j2a 12 12 18 |23 12 1@ 1@ |18 |
i Bam |42 B8 8 18 18 | 1t @ 19 1e |8 @ g B |5 |
\ > em |21 ® ® 18 18|11 8 B @ |11 12 e @ 15 |
Bam |42 34 @ 12 20|11 8 1 18 |11 12 g o |18
o am | B5 103 S8 48 5@ | 155 {24 ga 79)| 183 12 58 208 |20 l
1@ am' 214 128 S@ Se 7@ |23 12 2@ 2@ |23 12 i@ 18 |15
11 am| 42 17 ® 1@ 20|11 @ g @ |23 ®© e @8 |1
12 am{ 42 17 @ 18 1@ )11 @ 8 o |11 @ g8 B |5 |
L pm | B85 137 18 7@ 5@ |35 12 20 18 |35 12 i@ 1@ |15
2pm | 187 88 @ 38 38 )23 12 18 18 |23 B @ B |18
3pm | 158 34 33 3@ 38|47 24 ‘28 1@ i35 24 tg 18 |20 |
4pm | 214 51 33 30 9@ &7 24 26 2@ | 35 24 20 3o |20 |
5 pm | 214 120 33 48 80 | 187 37 4@ 4@ | Bl 49 2@ as |28 |
| g pm ! 158 51 18 38 6@ | 143 24 a3z 4o | @13 [BF] 3g 58 |1@ |
i t ] |




Voyage 10th to 11th of February 1987

Measured 1l-hour maxima (FT17-FT19)
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Voyage 10--11.2.1987

300

250

200

oo

150
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Measured l-hour maxima in various channels

|
DAY |TIME FFR1 FFR2 FFR3 FN4 PLS |FFRB FFR7 FFRB FN8 PLI1® FFRIIFFRI2FFRI3FN14 PLLS H'EJSlFTJ? FT18 FT19

| [kNJ CkNJ C[kN] CN/mm~2] |CkN] CkN1 CkN] [N mm+21 [[kNJ [kNY CkN1

CN/mma23 | CkNI CkNI CkN3I

|
1.2 9 pm ! B 51 @ 3@ 5@
: .18 pm @ 128 @ sa 6@ -
i 11 pm' 82 BE5_ 19@ 49 80 |
[ 11.2, 12 pm' 99 [296§ 5@ 138,
1 am | 43 B8 33 4@ 120
2am 99 183 33 48 58
3 am | 132 51 33 3@ 48
!4 am | 148 183 [151] Se 7e
S am { B2 68 33 48 8@
s am | 148 BB 33 3@ &@
7am | 148 51 16 3@ 4@
8 am |49 34 1B 28 28
S am 18 34 1B 38 38
12 am’ 33 34 18 28 3@
11 am! 16 @ 2 5] 1@
12 an! @ e 2 e @
1 pm B B e a a
2pm | B ] e 8 @
3pm |82 85 58 3@ (159
4pm |82 B8 58 3@ 6@
5pm | @ a e e 2
Bpm | @ ] @ e ®
Zpm | 1B 51 18 2@ 2@
B pm ! (IS8 123 58 S0 90
g pm | 132 BB 33 38 8@
i |

1o7]

37 3@ 2@
74 se /2 .
B2 se@ (149
49 58 3@ !
az 38 3@ |
49 a@ 3@
37 3a 2@
(174 fig sa |
3z 58 3@ |
az 3w se |
49 3@ ae
24 28 2@
24 280 38
24 12 2@
12 18 1@
2] a a

] 2 2

2] a a
24 3@ 28
49 58 4@
2 a 5]

5] 3] %]

4g @ 4@
B2 S8 513
B2 58 48

a 49
a 368
128 73
148 49

49
’8 49
a5 24
3as a8

i 78 38
23 24
23 24
as 24
48 49
35 12
11 B
B B
2 %}
11 ®
78 38
46 38
5] a
%] 2
185 [B5]
61
185 B!

|
a 5 i 28 ®@ 2]
@ 5 ] ] 5]
4@ |5 ; 122 76 1@
28 |5 : 148 43 122
3@ {5 | 88 57 73
) 5 | 128 43 8l
5] 5 148 28 24
3@ | 1@ 158 41
2 1@ ; 8?7 83 Bl
a 5 i 158 43 4}
2 5 | 158 43 27
2 1@ 52 28 24
28 |5 48 38 41
2 5 ie@ 28 38
@ 5 17 14 12
e 8 5] @ e
e 5 e ] 2
%] 5 28 @ 12
18 {5 128 63 Bl
2e j1a!| 8?2 57 38
%} 5 %] e B
2 5} 2 @ 5}
483 |18 | 48 78  1e9
48 |15 | 219 B3 (79
1@ | 122 18% 8S
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Voyage 31th of March to 1st of April 1987

L Measured l-hour maxima (FT17-FT19)
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a 150 FBDW Nvia Bast
(kN1 100 :

6pm 7pm Bpm 9pm 10p 11p Oam lam 2am 3am 4am 5am

m m
31.3 pm 1.4 am

Measured 1-hour maxima in various channels

DAY TIME |FFR1 FFR2 FFR3 FN4 PLS |FFR8 FFR? FFRE FN9 PL1D rrm:rrmzrrmarm-«. PLIS HBIB FT1? FT18 FT18
LkNI CkNI CkNI CN/mma2] | CkNI KNI [kN N/mma2] (CkN CkNI kN IN/mma2] [kNJ CkNJ CkN1 ¢
s1.3/6pmn|@ © fE3) @ @ |@ 12 12 18 |8 12 12 e |15 |17 12 (87) }

7pm |2 @ 158 @ @ (@ @ e 18|88 @ ie 8 |5 |17 @& 13
gpm |@ © © @ 128 8 g 12 |B@ 12 ie @ |5 [gZ B 41 |
gpm |®8 B8 S8 B @ |8 B i@ 1B |@ 12 18 | 15 @ 55
opnl @ ©® 33 ® © |B 8 w 18 |@ 12 i@ @ |1@|17 @ 55 |
iipnl2 ® ® B8 © |@ @ B @ |8 B 2 8 |8 |8 ® 13 !}
1.4 |12pmle @ e e @ |@ @ 8 @ |8 @ 2 © |a |8 8 8 !
fem|® @ B O 8z @ e o (a ®© 2 @ |8 |8 @ B
2amle @ o = @ 2 © 2. 8 B ®© ¢ © e le 8 ® !
lagamd s e =& = € lo 2 o e e o e & |er| & ~ o -
| 44smpe8 ®© 18 ® @ @ @ 2@ ®© @ 12 e e !S5 |17 @ 41
H S am | a a 33 a B o 11 a 18 18 ;@ 12 1@ 8 15 ‘;35 12 55
Voyage 1lst to ond of April 1987
Measured l-hour maxima (FT17-FT19)
i 2 !
{rN3 300
¢ | Q e e e
L 250 B Bow MMaid B RfL
@ cao
G150

100

Opm 1lpm 2pm  3PW 4pm 5pm  6PR 7pm  8pm  Ipm

Measured l1-hour max1ma 1n varlous channels

i - - i e !
DAY - TIME kFlc'm FFR2 FFR3 FN4 PLS 'FFRE . FFR? FFR8 FNS PL1D FFRIIFFRI2FFRI3FN14 PLIS HB16! FT1? FT18 FT19 !
i [kN1 [kNI CkNJ CN/mma21 !EkNJ [kNJ C[kN1 [N/mma23] |CkNI CkNI [kN3J IN/mn~2] IEKNJ CkNJ CkN3 |
| pan | |
i |
2.4 | @ pm z0e (34 120 E29 (s5) 40 48 | 195 38 2@ 30 | ea] 28@ 285 |
i 1 pm | 99 180 138, 58 B2 (59 24 ae ao | 28 | Beg 64 [% '
©2pm | 49 B8 33 58 40 l '35 24 28 20 | 58 49 28 3B i 5 | 188 38 48
!'3pm | 18 3¢ 33 38 28 |23 24 20 3@ | 35 3B 12 28 | 18! 4@ 25 27
"4pm @ 51 18 28 i@ 1l 24 28 38 | 35 38 22 a0 |5 | 48 25 41
i Spm | 168 S1 18 28 48 {11 24 2@ 28 | as 24 18 1B |5 | 4@ 25 24
"8 pm | 33 68 5@ 28 40 |35 37 43 3@ | 70 as (425 :eo 38 48
i 7 pm ' @ ] 2 a g lo a @ 8 .®@ B @ B 5 a o
8 pm | 16 B8 33 3@ 1@ 23 37 a@ 33 58 36 2e 28 S B@ 38 48
9 pm 6 86 16 58 53 23 37 4@ 28 48 38 22 3@ 5 B@ 25 48
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Appendix 8/4

Voyage 25th to 26th of April 1987

Measured 1l-hour maxima (FT17-FT19)

Beow NMid EAfc

Measured l-hour maxima in various channels

DAY |TIME |(FFRI FFR2 FFR3 FN4 PLS |FFRB FFR7? FFRE FNS PLIG FFRIIFFRIZFFRISFNI4 PLIS HBI8 |FT17 FT18 FTI9 l
TkN] CkNJ CkN] CN/mma23] [CkNJ CkN1 [kNI [N/mm~23 |EkNJ [kNI [kN] CN/mm21 |CkN] CkN CkND |
!
25.4! 2 pm | 16 189 134 8@ 17| 47 49 48 €8 | 35 12 18 ® |15 [228 S1 36 .
3pm |33 172 S8 Se 1eadl 11 37 2g 16 | 35 24 12 @ |12 |20@ 25 38 |
4pm ;18 172 117 B@ 98 |23 24 20 18 |35 24 @ e |15 | 148 25 24
5em 18 128 151 7@ 1@ 11 37 38 28 11 24 18 @ 20 148 25 13
g {6 pm 16 154 117 B8O 4@ |23 24 38 1@ 35 24 18 8 |20 (148 25 24
= ‘7 pm 16 205 B3 90 188 11 12 i@ 1@ ;23 24 1a © |15 [18@ 25 27
8pm | @ 137 184 B@ 1eadl 11 37 58 30 | 70 24 28 @ |15 ;175 64 81
g pm | 16 1372 B7 B@_  l@@! 11 24 28 1@ {35 12 18 @ |1e ! 128 12 24
lepn 16 39 57 [59 pegd 11 o @ 18 e 2 e @ |15 12 13
11 pm' 18 137 117 5@ 8@ |11 12 8@ 1B |11 24 e B8 |1le (3@ 12 13
26.41 12 pn' @ 8 @ © @8 '@ e 2 @ ‘@8 @ g o 5 |a @ )
{1am | 16 275 B3 148 230 35 49 49 28 |35 24 18 @ (25 | 288 38 38
‘2 am | © 183 1P@ S@ 98 | @ 12 B 18 (7@ 12 28 @ |2e |l12@8 12 6l
3 am | 45 258 1@@ 13@ 198 47 62 68 19835 24 20 5@ | 2@ | 28@ S1 3B
4 am |33 223 117 132 280,35 B2 68 189 78 73 se 28 |20 | 220 77 69
S am | B6 326 B7 158 158,23 48 98 58 |58 @B 20 28 |38 | 348 142 48
6 am | 33 258 67 148 17835 12 as 28 |46 24 18 8 |25 |3@@ BB 38
7am |33 275 B7 118 2208|11 37 28 7@ {23 49 38 @ |2 |3v8 25 41l
8 am |33 328 B3 158 190 |71 74 - 58 48 |[153 85 g8 70 |15 |3e2 1158 [134]
S am |49 326 B3 158 21835 74 iga B@ |78 73 “ 3@ 58 |28 |320 184 §7
1B am| 18 248 117 S8 228|71 112 128 28 |48 49 3@ @ |10 (228 118 55
1! am|33 328 187 1@ 288 47 37 49 7@ |128 73 as 48 |18 |320 s@ 109
12 am{ 18 172 1@@ S8 158 187 148 192 128 {93 85 6o 78 |15 | 18@ 128 1@9
1 pm 292 [Bg 13e 190 |{I19 B23 gsd 128 (171 g5g: 12 | 333 g7
2 gm |33 137 180 7@ 102 11 74 69 B9 |81 85 58 8@ |15 |288 51 83
3pm (8 BB 58 58 11211 24 2a 43 [35 12 18 @ |5 |88 25 38
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Voyage 20th to 21st of February 1988

Measured l-hour maxima (FT17-FT19)
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L
o}
a
d
ﬁgl
N B :\\
10 11 12 1 2 3 4 5 6 7 8 9 1011 O 1 2 3
20.2 am 20.2 pm 21.2 am
Measured 1-hour maxima in various channels
DAY |TIME |FFR1 FFR2 FFR3 FN4 PLS |FFRE FFR? FFRE FNS PLlBlFFRllFFRIZFFRISFN14 PLIS HBJElFTl? FT18 FT19 !
| kNI [kNJ [kN] [N/mma2] |CkN] CkN3J [kN] [N/mas23 £kNI [kNI CkN3 mmwmlnmcmzmm !
e ! l
' 20.2, 1@ am 18 51 B 20 40 23 12 i@ 1@ | 11 12 @ @ |5 |82 25 13
| | i{ am' 18 51 @ 28 3e |11 12 1@ 1@ | 11 12 @ ®© |5 |83 14 13
; ! j2 am! 48 51 18 20 5@ |35 12 12 20 |46 12 18 ®© 1 5 | 8o 38 48
e !1pm ‘33 51 © 28 3047 12 i@ 1@ |78 12 1@ @ |5 | 8@ S8 B8l
2pm 33 88 18 3@ 8@ 35 12 1@ 28 23 12 e @ i !'Ba 38 24
3pm 18 B8 16 3@ 8@ 23 2 18 18 11 12 w @ 8 Ba 12 13
" 4pm 16 B8 18 38 8@ 23 24 20 =22 ;58 12 3m @ : 10| 198 28 48
| 5 pm 3as3 85 33 38 7@ |23 12 1@ 1@ :35 24 @ @ 1@ | 188 12 24
& pm ‘ aa 86 18 48 148, 23 24 1@ 3@ |35 24 i@ ® | i@ | 188 28 38
| 7 pn | 48 86 15 30 99 |47 24, 28 2@ {35 24 28 @ | 18 | 12@ 58 48
i@ pm | 8B 18 3¢ sa [z 12 3@ 3 (7@ 38 26 © | 1@ | 18@ 73
s pm ‘ 49 éfa] 188’ 35, 12 i@ 18 |83 as ag @ , 15 [ 228 3\ 73
‘12 pm (82] 154 78 [(t7zd 59 48 58 48 , Bl (fe) 4e : 1o | @49 S8 97
| 11 pmt 1§ 234 I8 28 5@ 2 a e (11 12 i e | o (48 B 27
[ 21.1|212ipm) 18 51 33 20 89 23 2 20 3@ i[83] 48 5@ 48| 5 | 48 28
i L am | 49 68 58 28 BB |23 [5e) | 468 &1 32 5 |88 57 4l
2am | 33 S1 58 20 68 |23 82 38 4@ |35 38 28 B | ©® |88 57 41
3 am l 33 8 33 3@ 78 |23 24 28 48 |35 3B 28 ® |5 |BB 28 41
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Appendix 8/6

Voyage 24th to 25th of February 1988

Measured 1l-hour maxima (FT17-FT19)
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Measured l-hour maxima in various channels
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[ DAY [TIME |FFRI FFR2 FFR3 FN4 PLS |FFRE FFR? FFRE FNS PL1B FFRIIFFRIZFFRI3FN14 PL1S HBIB|FT17 FT18 FTI9
l CkN1 L[kNI [kN1 IN/mm~21] mmumzmmereavmzumcmj CN-mma2] | CkNJ [kNJ CkNI
i } ] 1}
J 24.2)3pm @ 51 33 28 118, 11 a7 28 12 | 23 a8 208 B |5 48 28 a7
. , 4pm |18 128 S8 6@ 130, 23 37 38 48 | 81 81 3@ 43 |5 188 28 73
| {Sem |16 154 58 78 17@' 11 49 38 30 | 81 . S8 8@ |5 | 148 28 97
B pm - 18 188 67 120 99 23 a7 3@ 3@ 117 98 (sej f[eg s 180 28 97
,7pm 33 2868 33 110 158 47 74 48 32 83 35 58 @ 1@ fag [i15 s2
‘Bem!®@ ® © © @8 '@ @ 8 © ‘8 @ @ @ '8 :8 © @
Spm @ © @ @ e ‘o o a © .8 @ 2 @ ‘e ‘'@ @ o
| [1opm'e @ e e @ @ @ e @ {2 @ e 2 |e g @ @
| t1pm' @ 34 33 18 3@ |11 a7 42 (78] 23, 48 28 B |5 . 48 28 41
25.21 12 pm © 123 58 48 188, 23 12 18 18 |23 24 i@ 58 15 88 a5 27 |
1am | @ 123 (leg se 98 [71] a7 30 22 , 81 24 20" B 5 120 B3 73 |
2am | 18 137 58 78 118 35 24 20 30 |35 24 1@ @ |ie]| tee 25 38
3 am :[65) se f29] 248 47 [33 4@ 81 56 S8 2@ | 280 181 (14§ ,
4 am | 18 154 33 7@ 160 47 24 3@ 38 | a5 38 18 @ |28} 16@ 38 27
5eam | 18 154 33 7@ 1805 a7 48 48 |35 12 28 @ |20 | 148 B3 38
§am | 18 189 16 11@8 1S@) as 24 3@ 48 [S5B 24 20 ® 20 | 188 38 48
7 am |48 18S 58 8s@ 218 47 37 48 78 {81 24 28 @ 15 | 168 5@ 73
Bam | @ 154 33 B@ 1s@8] 23 24 28 28 |35 12 iz 8 15 | 148 28 24
9 am | @ 193 18 88 178|35 37 3@ 20 |35 38 28 @ |5 188 57 S5
loam 8 68 18 3@ 92 |© 12 28 1@ |11 12 18 B8 s |se 43 13
1l am' 33 128 50 68 218[35 37 3@ 58 |11 49 28 38 |5 128 28 27
12ami@ 34 168 18 4@ |23 a7 28 2@ |23 12 12 B (5 (28 28 24
lpm |® 51 33 28 3@ (@ @ 2 10 |@ 12 2 2 |5 |se 14 13
‘ 2pm |8 51 18 20 4B |@ 12 i 18 {11 @ 2 B st g8 14 12
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Voyage 3th to 4th of March 1988

Measured l-hour maxima (FT17-FT19)

Appendix 8/7

B eow &M1d

Rft

Bam Sam 10am llam l2am lpm

4.3

Measured l-hour maxima in various channels
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5 4.3 | 8 am | 16 172 5@ S@ 1B@| 11 12 28 2@ |11 24 2@ | 10 | 148 28 27
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10 an| (53] @69 (62) [ed E=g| 22 (e8]  [s@) se |35 s 20 o | 10| [5d (72 (4
11 am| 16 128 5@ 6@ 48| 11 37 3@ ae 24 18 20 | 28 | 128 43 36
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Voyage 5th to 6th of March 1988
L Measured l1-hour maxima (FT17-FT19)
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Measured 1l-hour maxima in various channels
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CkN) [kNI [kN) [N/mma23 |CkNI [kN) [kN] [N/mma2] |[kN] [kN] [kNI IN/mmA2) | [kN] [kN] CkN3
5.3 |9pm |16 B8 33 58 8@ |23 37 3@ ae |58 BI1 38 48 |5 |B@ 28 @9
12 pm| @ 34 186 28 48 131 a 2 i@ 11 12 1@ a 5 28 a 13
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Channel:FNS
Sample Size: 84

35 78 105 1d4p 175 2le 245 28@ 3ls 35e
Response [N/mm~21]

Occurence percentage Occurance percentage Occurence parcentage

Occurence percentage

BOTHNIAN BAY 1986

25—
I Channel:FNS
EBE Sample Size: 35
18
.
J 4
L al 3
1 1
a4
T35 7B 185 13e 175 2le 245 2de als 3se
Response [N/mm~2]
e BOTHNIAN SER 1988
(=2~}
" Channel:FNS
28 fqi 3 Sample Size: 16
15
18
5_
© 35 b 195 14e 175 2le 245 288 3l5 358
Rasponse L[N mm+21]
BALTIC proper 15986
58y
Channe 1 :FNS
4 Sample Size: {7

2
2
1
1
U85 7o 185 1de 175 21@ 245 268 315 3se
Response L[N/mm~21]

25 BALTIC SEA 1888 (Total) L

J Channe1:1FN9
28 Sample Size: B9
15

1 8
18 2
e

Q

<

35 78 105 148 175 21@ 245 288 al5 ase
Response [N/mm~21]

|
|
|
|
|
|



Occurence percentage Cccurence gercentage Occurence percentage

Occurence percentage

Appendix 1@ ~ 17

MEASURED 12-HOUR MAXIMA, CHANNEL FN3

BOTHNIAN BAY 1987

Channa | :FN8
Sample Size: 26

EST" =
28/ 5
4

15}
I
Bl !

il

, |
= 5 7B 185 148 175 21a 245 288 3ls 358
Response L[N/mm~21]

BOTHNIAN SEA 1887

ser—
J Channel:FNg
48 Sample Size: 1§
@
28 |
4 | 2
1
B35 7b 165 138 175 210 245 280 315 3@

Response L[N/mm~2]

_BALTIC proper 1987

Channe | : FN9
Sample Size: 1l

s — —

4

aal
ﬁ g
1a1m|

35 7B 185 142 175 2]le 245 280 3ls asae
Response L[N/mmA21

L Y

BALTIC SEA 1987 (Total)

25
] Channe1:FNS
2@ Sample Size: 53
15
1] 88 B
18
5..
4 1 1
O35 S 185 140 175 21@ 245 289 als ase

Response [N/mm~2]

Occurence percentage

Occurence percentage

Occurence percentage

BOTHNIAN BAY 1988

58— —— i
b ChannaliFN8
4B Sample Size: 21
38
28
16
995 JB 185 14@ 175 21@ 235 280 3l5 35e
Respaonse [N/mm~2]
BOTHNIAN SEA 1988
?ST—
Channe1:FN3
SJE Sample Size: 9
45
a8
15

35 7B 185 140 175 218 245 280 2[5 350
Response [N/mm~2]

BALTIC SEA 1988 (Total)

Channel1:FNS
Sample Size: 28

2l 2
1

[

35 7@ 185 14@ 175 218 245 28e 3l5 3se
Response [N/mm~21



Appendix 18 -~ 18

MEASURED 12-HOUR MAXIMA, CHANNEL PL18

a5 BOTHNIAN BAY 1985 5 ) BOTHNIAN BAY 1886
o | Channei:PL1B o 4 Channel :PL18
D E :
3 28| Sample Size: 28 g 4 Sample Size: 3
S ! 6
Q 0
< 15| s J& ﬁ -
. ] s ol |
3 19 5 28 |
6 A § 4
5 s 5 18 !
8 i 1 3 (i l
? S L |
T35 7B 165 1de 175 21e 245 28@ 3]5 35e 35 7B 105 14@ 175 2@ 245 260 35 358 '
Response [N/mm~21] Response [N/mm~2]
a5, BOTHNIAN SER 1985
(v )
o J Channel:PL18
g 2@ Sample Size: 19
+ i
o 4
0 H
¢ 1S
a ot [
g 18 |
(= v J
§ i 1 1 1 il
il
9 |
o a-wl !
35 /B 165 14e 175 21e 245 28e 3l5 ase ‘
Response [N/mm~2] :
i
- BALTIC proper 1985 i
5@ it
o R Channel:PL1B it
g 48] Sample Size: 17 J'
o { & 1
0
s 39 ;!
Q. o 4 ]
(] 4 i
3 18 |
8 1 i
o N i
77735 7B 185 148 195 210 245 280 als 3w
Response [N-mm~2] ‘
it
25 BALTIC SEA 1885 (Total) !
o i Channe!l:PL1O
E 28 Sample Size: B3
= J
£
= 1H
a 4
3 18|
=
u -
(5
§ 3 fﬁ
Q
o 1
oLL Afalalalal
35 78 195 1de 175 2le 245 280 3ls 358
Response [N/mm~2]




Occurence psrcentage Occurence percentage Occurence percentage

Cccurence percentagse

Appendix 18 - 19

MEASURED 12-HOUR MAXIMA, CHANNEL PL18

BOTHNIAN BAY 1887

25— —

3 Channe | :PL1G
21’ Sample Size: 28
154% [4
18] t

i
54y ! | 1
B |

35 72 165 149 175 218 245 280 3ls 35@
Response [N/mm~2]

BOTHNIAN SEA 1887

2-5|,_,_,,__7 ______

B Channe!:PL18
28 3 Sample Size: 15
15

1

B35 5h 185 148 105 21 245 280 3ls5 ane
Response [N/mm~2]

BALTIC proper 1887

sa!_.._—'

{ Channel:PLI8
4B Sample Size: 13
3
2

2
1 1
B

35 7B 185 148 125 21@ 245 280 3]s ase
Response L[N/mm~21

BALTIC SEA 1887 (Total)l

Channel :PL1G
Sample Sizes 55

T35 7B 165 140 195 218 245 28w 3[s5 35e
Response [N/mm~21

Occurence percentage

Occurence psrcsntage

Occurence percentage

o — — 2

BOTHNIAN BAY 1988 =
Channel:PL1@ ]
Sample Size: 21

i
|

4
1
3%
!
251 il
1
18
1
U735 b 165 148 175 2le 245 280 3ls 35e
Response [N/mm~2]
BOTHNIAN SEAR 1988
Pl T e
4 Channe!l:PL1B
EBF Sample Size: 18
45
36
15
@35 b 165 14@ 175 210 245 28@ al5 3se
Responsas LN/mm~21]
5@ __BALTIC SEA 1888 (Total) _
] Channel:PL1
4B Sample Size: 38
38
26
16
&

35 7@ 105 1@ 175 21 245 280 3i5 350
Response [N/mm~21]



Occurence percentage Occurence percentage Occurence percentage

Occurence percentage

MEASURED 12-HOUR MAXIMA, CHANNEL

BOTHNIAN BAY 1985

25
i Channel :FFR1
28 f Sample Size: 27
15
ij 3
18
J 2
5 1
J
" 5P 106 150 208 252 308 358 400 458 508
Response L[kN]
- HOTHNIAN SEA 1985

Channel:FFRI11
Sample Size: 18

1

5B 199 150 200 250 300 350 408 458 500
Response L[kN]

BALTIC proper 1985

4 Channe | :FFRI1
28 Iaa 3 Sample Size: 16
15
184

IR RHREN
5

58 108 150 200 258 30a 358 400 450 500
Response [kN]
2 BALTIC S5EA 1985 (Total)

" Channel:FFR11
28 12 Sample Size: BB
15
18 g
e 5(2
. o af A

5P 186 150 208 250 300 358 488 458 s08
Response [kN]

Occurence percentage QOccurence percentage Occurence percentage

Occurence percentage

Appendix 18 ~ 28

FFRIL1

BOTHNIRAN BAY 1986

a SR
??— Channel:FFRI11
EB; Sample Stize: 33

B
15

4

i
e (| ]

o |

11 1

%56 1@ 130 260 250 3de 350 480 450 500
Respanse [kNI

BOTHNIAN SER 1988

25

4 Channe | :FFR11
28 Sample Size: 16
15
18

] 1
5

N

5B 108 150 208 250 308 358 409 450 508
Response LkNJ]

BALTIC proper 1986

o6
] Channel:FFR11
48 Sample Size: 16
368
1 4
26
1112
] [1[]
T 5P 108 158 200 250 388 330 408 450 560

Response L[kN]

_ _BALTIC SER 1888 (Total)

25 .

J Channel:FFRI11
2@ Sample Size: BB
15

1 1

&
5B 108 158 208 250 300 350 408 450 5068
Responee L[kNIJ




Occurence parcentagse Occurence percentage
=y

Occurenca percentage

Occurence percentage

Appendix 18 7 21

MEASURED 12-HOUR MAXIMA, CHANNEL FFRI11

BOTHNIAN BAY 1987

B
A Channel:FFRI{1
4m‘ Sample Stize: 23
q
38!

n
_Lﬁ.....lf

| 3
Gk
1111 1
Ratalalilaalalilnalls
5 108 150 208 250 302 350 400 458 509
Response L[kNI

BOTHNIAN SEA 1987

d Channel:FFR1!
Sample Size: 14

100 150 208 250 309 350 468 450 500
Response [kN]

BALTIC proper 1987

5 EEROE—

?r_ Channel:FFRI11
48 Sample Size: 12
36

13
26
11 I1 1

Response L[kN]

5 __ _BALTIC SER 1987 (Total)
J Channel:FFRI11
Sample Size: 49

T5h 109 152 208 250 300 358 488 456 560
Response L[kN]

Occurencs PBPGBH*&QO

Occurence percentage

Occurence percentage

BOTHNLAN BRAY 1988

58!_ ..... —_— s W
J Channel:FFR11
4d‘ Sample Size: 21

Y750 100 150 208 250 302 358 408 4508 508
Rasponse [kNI

BOTHNIAN SEA 1988 o

Channel:FFRL1
Sample Size: 8

58— — -

e

48
A

308

28

Y50 160 150 200 250 308 358 400 458 500
Response [kNJ

BALTIC SEA 1988 (Total)

Channel:FFR11
Sample Size: 29

ser——
1

4

20 |
A

5B 160 150 200 250 309 338 408 450 508
Response [kNI




Occurence percentage Occurence percantage Occurence percentage

Occurence percentage

Rppendix 18 ~ 22

MEASURED 12-HOUR MAXIMA, CHANNEL FFR12

BOTHNIAN BAY 1885

S ——

R Channe!:FFR12
4B Sample Size: 38
38

4
28

1 4

3
18 5| | j

Y75k 109 150 260 250 309 350 400 458 500
Response L[kNJ

BOTHNIAN SEA 1985

g Channel:FFRI2
Sample Size: 19

Y]

2
1 1

®

109 150 200 250 302 350 408 450 500
Response [kNJ

BALTIC proper 1985

Channel:FFRI12
Sample Size: 22

5B 100 150 208 250 309 358 40@ 450 500
Response [kNI

BALTIC SEA 1985 (Total)l

5 n—
Channel:FFRI12

4d Sample Size: 70
38
28
184 r

| 4
" aly L
YTT5h 16 158 202 250 302 350 408 450 568

Response [kNI

Cccurence percentage Occurence percentage Occurence percentage

Occurance percentage

BOTHNIAN BAY 1888

Channel:FFRI12
Sample Size: 34

Sal__—

1

[1
100 150 200 250 308 350 408 458 500
Rasponea L[kN1

e BOTHNIAN SER 19886
Br~ Channel:FFRI2
Sample Size: 19

Response [kNI

BALTIC proper 1986

56

B Channel:FFR12
4B Sample Slze: 1?!

1 B !
38

44
2813
18

| ] 1
- 100 150 208 2508 308 358 498 458 500

Response [kNI1
BALTI Ef (Total?
so— . DALTIC SEA 1988 (Total) ___ _
Channel:FFR12

4 Sample Size: B7
3 '

1
28|

ﬁ :
1
2
; Bl 4}8

50 168 150 200 250 308 350 408 458
Response [kNI




Qccurence percentage Occurence percentage Occurence percentage

Occurence percentage

MEASURED 12-HOUR MAXIMA, CHANNEL

BOTHNIAN BAY 1987

SB—
i Channe!:FFR12
4B Sample Size: 26
38
28
| 4
3
184
4l {
@50 100 130 200 250 360 350 480 450 568

Response L[kN1

BOTHNIAN SEA 1887

5@
jr Channel:FFRI12
4af Sample Size: 15
1
-
-
28 i
! 1 1t
T 58 100 150 20@ 258 30e 358 408 459 500
Response [kN]
Sor— BALTIC proper 1887
] Channel:FFR12
48 P 5 Sample Size: 13
B!
208
2
16 1
975 160 150 208 258 30@ 350 400 458 508

Response L[kNI1

BALTIC SEA 1987 (Total)

Channel:FFR!12
Sample Size: 54

1

5B 100 150 208 250 30@ 350 408 458 SUe
Response L[kN]

Occurence percentage

Ocourence percentage

Occurence percentage

Appendix 18 7 23

FFRI12

BOTHNIAN BAY 1988

5@ —
4 Channal:FFR12
48 Sample Size: 28
36
28
113
18 &
g 1
Y75 169 152 200 252 302 358 408 450 500
Response L[kNJ
BOTHNIAN SEA 1988
?ST__._
Channel:FFR12
6 Sample Size: 9
4
3
1 1
5B 108 158 200 250 300 358 400 458 548
Response LkN1
- _BALTIC SEA 1988 (Total)
4 Channal:FFR12
4B|LT Sample Size: 29
384
28
18
. 1
%3

5B 160 130 208 250 360 350 498 458 508
Respanse [kNI




Occurence percentage Occurence percentage Occurence percentage

Occurence percentags

RAppendix 18 ~ 24

MEASURED 12-HOUR MAXIMA, CHANNEL FFRI3

2 BOTHNIAN BRY 1985 5 BOTHNIAN BAY 19886
] Channel:FFR13 o ] Channel:FFRI13
26 J_‘_L -LJ-‘ 1 Sample Size: 5 g 48 Sample Size: 3
C
J 5 J
Q
15 ; 36
J o .
18] g 2g
=
4 o 4
.
5 a 18
4]
J L 1
&
5P 100 150 2008 250 308 330 408 450 500 5P 100 150 208 250 308 358 488 450 508
Response L[kNI] Response [kNI

BOTHNIAN SEA 1985

?Ej_ Channel:FFRI13
SB; Sample Size: 4
J
45}
_i 1
ol

5B 160 150 209 250 308 358 408 458 580
Response L[kNI1

56, BALTIC proper 1985 25 BALTIC proper 1988
Br 5
il 5 Channel :FFR13 0 _I Channel:FFR13
QBj Sample Size: 14 g SBii Sample Size: 2
4 :
38| < 45
a o
2 § ag|
2 o .;
. i
1 2 s ‘
i} |
o TI i
o 3! |
5B 109 150 208 258 380 330 400 450 508 SE 108 150 200 250 308 350 409 458 588
Response L[kNI Response [KkNI
. BALTIC SEA 1985 (Total) s BALTIC SEA 1988 (Total)
] Channal:FFR13 ) J Channel:FFR13
48 % Sample Size: 24 5 4p 2. Sample Size: §
. € )
o
36 S 3y
4 a 4
o 1
28 , o 28]
- 3 2 -
18 2 3 18
1 i 8§ 1
[ 8 gl L4
9775k 180 150 208 250 308 350 408 456 5008 5P 108 159 200 256 308 356 408 4508 569
Response L[kNI Responsa [kN]




R

Qccurence percentage Occurence percentage Occurence percentage

Occurance percentage

MEASURED 12-HOUR MAXIMA, CHANNEL

BOTHNIAN BAY 1885

s af 4

Channel:FN14
Sample Size: 38

35 7B 105 14@ 175 21@ 245 28@ 3ls 350
Response [N/mm~2]

BOTHNIAN SER 1885

Channal :FNI14
Sample Size: 28

35 7B 105 142 175 21@ 245 26@ als 3se
Response [N/mm~2]

BALTIC proper 1985

581___—_

4 Channel:FN14
4& g Sample Size: 23

4
3
2

3
1 2
1

35 78 105 148 175 2le 235 28e als ase
Reeponse L[N/mm~2]

BALTIC SER 1985 (Total)

o

| Channel:FN14
4B Sample Size: 72
35
28
18 | | g

| i 1

Q

1 4
35 7B 105 148 175 21e 245 28e 3]s ase
Response [N/mm~21

Occurence percentage Occursnce percentage Occurence percentage

Occurence percentage

asr—-—

Appendix 18 ~ 25

FN14

BOTHNIAN BAY 19868

R Channel :FN14
28 E Sample Size: 35
g 8
15
18
i 2
5._
T35 b 185 1d@ 105 2le 245 260 3ls 3se
Response [N/mm~21]
o BOTHNIAN SER 19886
5 L
1r7 Channel:FNi4
48 Sample Size: 16
38
28
1122
18|
@35 7B 185 14@ 195 210 245 28@ 315 35e
Response L[N/mm~2]
58 BALTIC proper 1986
J Channal:FN14
43# Sample Size: 1B
28
14
28 3
19|
UTTE5 B 185 1de 195 2le 245 28 als a3se
Response L[N/mm~21]
- BALTIC SEA 1986 (Total)
2 Channal:FNi4
2813 133 Sample Size: B8
114
19
16 ﬂ
S.-I
| 2
™
35 7B 165 148 175 2le 245 28@ als 3se

Response [N/mm~2]




Occurence percentage Qccurence psrcsntage Occurence percentage

Occurence percentage

MEASURED 12-HOUR MAXIMA, CHANNEL

BOTHNIAN BAY 1987

Channel:FNl4
Sample Size: 2B

4
3
2
4
3
1 2
1
T35 7B 185 1de 175 2o 245 28 3ls 35w
Response L[N/mm~2]
BOTHNIAN SEAR 1887
o6 o
J Channsl1:FN14
44 Sample Size: 15
e

n
L6
N
=

3

?%r—-——-

7o 165 1de 175 21e 235 28@ 3ls ase
Response [N/mm~21]

BALTIC proper 1887

ChannaliFN14

68 Sample Size: 13
45
36
15 &
1 1
785 B 1es 1de 175 zle 245 z8e 3ls5 a5e
Response [N/mmA2]
5 BALTIC SEA 1987 (Total)
i Channel :FN14
48 Samplie Size: 55
J
&

35

2aH ||
T
IR "

7o 165 1d@ 175 21@ 245 26@ 315 930
Response [N/mm~23

Occurence percentage

Occurence percentage

Occurence psrcentage

Appendix 18 ~ 2B

FN14

BOTHNIAN BAY 18988

58

R Channel:FN14
48ig. Sample Size: 21
a8 |

]
28 PW

Y

2
35 7B 105 14o 175 2lp 245 280 3l5 ase

Response LN/mm~21]

BOTHNIAN SER 1988

_l»-

Channel;FNi4
Sample Size: 9

75—

BB
45
38

5] [ ]

35 7B 105 1de 175 2le 245 2de 3ls ase
Response [N/mm~2]

BALTIC SEA 1888 (Total)

Channel:FN14
Sample Size: 29

]

35 79 105 14@ 175 2]o@ 245 280 3l5 3se
Response [N/mm~2]




Rppendix 18 -~ 27

MEASURED 12-HOUR MAXIMA, CHANNEL PL13

5 BOTHNIAN BRY 1985 - BOTHNIAN BAY 1986
° p Channel:PLIS o J Channel:PLI1S
g 28 & B Sample Size: 38 g 4@ Sample Size: 34
b o - 1S o 1
5 2 sl S ag
) a : 2
i 3 18l 3 o9
| ] - 2 g
a5 g 3 g
[ & 1 é 1l 1
| @t 3% 185 14@ 175 21@ 245 260 3l5 ase 35 72 185 148 175 21@ 245 28@ 3ls 35m
5 Response [N/mm~2] Respanss [N/mmA2]
r &5 BOTHNIAN SEA 1885 . BOTHNIAN SEA 1988
h [
™ ::| Channel:PLI1S P cr_r Channel:PL1S
i. g 454 Sample Size: 19 E‘ aaid, 3 Sample Stize: 15
F § A c
i £ 3@ 2 15
i 2 j 2 ) -E—I
i 4
§ 28 8 1g
0 H 5 4 1
| £
3 16 3 5
0 Q
¢ 11 &
a5 7@ 185 14@ 175 2le 235 289 3ls ase B35 B 185 13@ 175 21le 245 28@ als 350
Response [N/mm~2] Response [N/mm~2]
EBT——" . BALTIC proper 1885 56 BALTIC proper 1886
o 4 Channe!:PL1S o J Channe1:PL1S
g 4 [ Sample Size: 23 fgn 48 Sample Size: 1B
£ 48 g
] i 8 k
P 2
8 =2 8 oo
& 6
1
< “
é 1 2 § 184
[&] o B
24 L
35 7B 185 149 175 21@ 245 28e als ase B35 b 185 14@ 195 21@ 245 28@ 3ls ase
Response L[N/mm~2] Response [N/mm~2]
25 BALTIC SEA 1985 (Total) oy BALTIC SEA 1886 (Total)
1 o J Channel:PL1S o i Channel:PL1S
1 @ o
| g 2 i Samgle Size: 71 % 29 Sample Size: BB
] s 41 1 e 17 1
: 2 s £ 18]
i a e
i ] 11
# g 1aZ 2 1B
& - 5 ]
£ e 4!
a2 T 3 3 5
8 1 8§ -
a 2}
35 7@ 195 148 175 21@ 245 288 als 3se 35 7B 165 14@ 175 218 245 280 3l5 350
Response [N/mm~21 Response [N/mm~21
.




Occurence percentage Occurence psrcentage Occurence percentage

Occurence parcentags

MEASURED 12-HOUR MAXIMA, CHANNEL

~_BOTHNIAN BAY 1987

Channel:PLI1S
Sample Size: 25

] ——

48

38
4

28

18

=35 b 185 4o 1J5 21a 235 286 als ase

Reeponse [N/mm~2]

BOTHNIAN SEA 1887

4 Channel:PL1S
4@f Sample Size: 12
36

113
26
18 1

a5 7B 195 148 175 2la 245 280 3ls5 a5e
Response [N/mm~2]

BALTIC proper 18987

Channal:PL1S
Sample Size: 7

a5 Fo 185 1de 175 2le 245 28e 35 350
Response CN/mm~21]

___BALTIC SEA 1987 (Total)

Channe1:PL1S
Sample Size: 44

2
1

35 78 105 1d@ 175 2l@ 245 28e 3ls5 3se
Response LCN/mm~21

Occurence percentage

Occurence percentage

Occurence percentage

5
??- Channel:PL1S
4ﬁ Sample Size: 13
.
! 4
38|
13
28|
;
18|

Appendix 18 ~ 28

PLIS

BOTHNIAN BAY 1988

35 7B 105 14@ 175 218 245 288 als ase
Responee [N/mm~2]

BOTHNIAN SER 1988

4 Channel:PL1S

1
Ga F Sample Size: 3
45

i
L
15
° 35 7B 165 14e 175 21p 245 280 3l5 35

Response L[N/mm~2]
5 BALTIC SEA 1988 (Total)

R Channel:PL15
48 Sample Siza: 1B
as|
28
18
2]

35 7B 185 1de 175 21s 2ds 28e 3ls :?ia
Response [N/mm~2]
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