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FOREWORD

The Winter Navigation Research Board presents its repdrt

No 20. This report is a presentation of a computer programme
which calculates the transportation capacity and costs for

a specified ship and route for some of the Bothnian Bay
ports. The programme is prepared by Oy Wdrtsild Ab Helsinki
Shipyard under the direction of mr B M Johansson. The
programme is herewith put to the disposal of interested

shipowners and shipbuilders.

The Winter Navigation Research Board wishes to express its
~thanks to Wartsilid and mr Johansson for the work spend

on this report.

Helsingfors and Norrk&ping August 1977.

Jan-Erik Jansson Lennart Johansson




ECONOMICS OF WINTER NAVIGATION I'N THE
NORTHERN PART OF THE GULF OF BOTHNIA

Description of a Computer Programme

by B M Johansson
Oy Wartsild Ab
Helsinki Shipyard

1 GENERAL

Wartsild has been given a grant by the Finnish-Swedish Board of Winter
Navigation Research for the studying of winter navigation in the Gulf

of Bothnia. A general presentation of this research work is given in Ref.
171_7: The following is a description of a simple computer programme
developed by Wdrtsild and owned by the above-mentioned Board. This prog-
ramme calculates the transportation capacity and costs for a specified

ship and route.

2 COMPUTER

The programme has been deéigned for a mini-computer of the type Hewlett-
Packard 9830 A (with a memory capacity of 1760 words) in the standard
BASIC Tlanguage of that computer. The programme as well as the neéessary

data are stored on a digital cassette tape in the following files:

No. Content

0 empty

1-5 programme

6-9 - icebreaker data

10-27 ice data

28-198 data storage for actﬁally calculated ships




PROGRAMME

Owing to the small memory capacity of the computer the programme is divided
into five parts, of which the last three are linked together. A printout
of the programme is shown in Appendix A, 1 to 5. The various parts of

the programme perform the following tasks:

No. Task -
1 input data
2 reserves the necessary memory capacity and takes in the input

data for a non-standard icebreaker
3 calculates the speed of the ship in different ice conditions
when the ship is moving on its own or following an icebreaker
b prints out the input data and the speeds in ice

5 calculates the economics of the winter navigation.

In the following the various parts of the programme are considered in

detail.
INPUT DATA (File No. 1)

The form of the input data is shown in Appendix B. The data for each
separate calculation are stored in a file (starting from No. 28) for later
use. To facilitate the process, the input data are given in such a form
that only the data that have changed from the previous calculation have to
be given. The input procedure also rejects impossible or undesired data

by asking for the same data over again. The following data are given:

1 Number of calculations, may only be given once, 1 £ x £ 170
2 Total shaft power of ship in kW, x > 100
3 Propeller diameter in m. |If diameter is unknown, then x = 0,

otherwise 0 <« x ¢ 15

L Number of propellers. |f previous value = 0, this value will
not be asked for. 1 £ x €4

5 ship displacement in metric tons

6 Maximum speed in open water in m/s. |f _speed is unknown, then
x =0,

7 Ship beam in m
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1

12

13

14,.

15

16

17
18

20

21
22

23
24
25

26
27
28

Angle between waterline and stem of ship in degrees, 15 £ x £ 90
lce resistance coefficient. Factor by which sensitivity of
changes in level ice resiétance may be tested, usually x = 1
Channel resistance ratio. Figure that shows relation between
resistance in ice channel and in level ice of same thickness,
usually x = 0.4 ,
Ridge resistance coefficient. Factor by which sensitivity of
changes in ridge resistance may be tested, usually x = 1|
Resistance reduction due to air bubbling, shows reduction in
resistance at zero speed of advance. Usually x is taken as 0.2.
If there is no air-bubbling_system installed, then x = 0

Type of icebreaker used to assist ship:

URHO-class, 16.2 MW: x =6
. APU-class, 8.8 MW: x =7
KARHU-class, 5.5 MW: x = 8

If other type of icebreaker is used, then x = 9 and icebreaking

capability of‘igebfeaker has to be defined as input value in

. part 2 of programme

Price of ship, in any currency consistently used

Depreciation time for capital invested in ship, in years

~ Interest rate, in per cent

Insurance costs per year, given as per cent of ship's price
Repair costs per year, given as per cent of ship's price
Crew costs per month in same currency as chosen for 14
Loading and unloading time per round trip, in héurs

Sum of all cargo éarried on one round trip, in tons

Time lost for waiting, pilot transfer etc. per round trip,
in hours A

Fuel cosfs pér kWh), in same currency as chosen for 14

Harbour costs per round trip, in same currency as chosen for 14

Miscellaneous costs per year, i. e., office costs'etc., in same

currency as chosen for 14

 Total one-way distance in km, x = 1000 km

Off-time in days per year, i. e., dry-docking etc.
Name of northern harbour: .

Kemi: x =10 o

Raahe: x = 13

Kokkola: x = 16




Luled: x =19
A Pited: X
I . Skellefted: x = 25

i 5 MEMORY CAPACITY RESERVE (File No. 2)

The following matrixes are named:

D(30): input data

L(24): Speed of ship in ice, where:
L1 to L8 is speed in level ice of 0.1 m to 0.8 m in thickness
L9 to L16 is speed in channels where surrounding ice is 0.1 m
to 0.8 m in thickness

. L17 to L2k is speed in ridges of 5 m to 12 m in thickness

c(24) Speed of ship after icebreaker, where:
C1 to C8 is speed in channel after icebreaker where sur-
rounding level ice is 0.1 m to 0.8 m thick
€9 to C16 is speed after one icebreaker in ridges of 5 m to
12 m in thickness
C17 to C24 is speed after two icebreakers in ridges of 5 m to

12 m in thickness

R (25): lcebreaking capability (speed in m/s) of icebreaker (this is
shown in Appendix C for icebreakers used): '
R1 to R8
R9 to R16 pas for L(24) above
R17 to R24
R25 is beam of icebreaker inm
s(24) Actual calculated speed of convoy in ice, as for L(24) above

1(6, 24)  Distance of penetration of various ice thicknesses on one-way

trip for each month from December to May in km, see Appendices
D10 to D27
E.g. 1(1, 3) in D10 is 37 and means that 37 kilometres of 0.3 m

thick level ice have to be penetrated when going to Kemi in

December during mild winter




I (4, 22) in D10 is 3 and means that 3 kilometres of 10 m thick
ridges have to be penetrated when qoing to Kemi in March

during mild winter

Values shown in Appendices D10 to D27 are stored in files
10 to 27 '

If a non-standard icebreaker is used in any of the calculations, the data
for that icebreaker have to be given as input data in the manner shown in
Appendix C. In addition, the heam in the waterline for the icebreaker

has to be given.

CALCULATION OF SPEED IN ICE (File No. 3)

For each ice condition, the actual speed is calculated by finding the
crossing point of the available thrust, from which the open water resist-
ance has been subtracted (T), and the ice resistance (R), as shown in
Fig. 1. -

If the propeller diameter is not specified, the bollard pull is taken as:
T, = 0.012 x Ps (units: see nomenclature) (1)

If the propeller diameter and the number of propellers are specified, the

boltard pull calculation is based on a standard propeller with

Ky = 0.0405, K = 0.34 and t = 0.06.

Q T

If the speed in open water is not specified, it is calculated from

the following simple formula:
V, = 1.99Q.X-§v6§//§“v65: (units: see nomenclature) (2)

The tow rope pull between zero and full speed is assumed to follow

the formula

- ‘ ,
= -1y 2y
The ice resistance is ca]cu]atgd from the formula (4)
1'5 . ‘ %’ B : 2 . | 1.2
R= 1.7 %72 % B x (2. -,0.0825% + 000275 %)% (1 - ¢, + 0.282 v'+?)
i <. ’i‘f.')’" ! '

< b TG (unTts; see’nomenclature)
2 ‘“-' N Iy v L s f




For level ice, this has to be multiplied by the ice resistance coefficient
and for ice channels, by the channel resistance ratio. |If the ship is
wider than the assisting icebreaker, it is assumed that the part of the

ship that is outside the channel counters the level ice resistance.
For ridges, the following resistance formula is used:

R=0.6xHxBx(2- 0.0325,‘.“ 0.00275_.}-{’2),x(1 - Cap t 0.282 v"z) (5)

(units: see nomenclature)

If the speed is very low or the resistance at zero speed is higher than
the bollard pull, the ship will proceed by repeated charges. The following
formula is used for the calculation of the mean speed of advance:

V= ___E_I&____ (m/s) _ (6)

7 R3 + 5 T3

PRINTOUT, CALCULATION OF CAPITAL cOSTS (File No. 4)

A1l the input data and calculated speeds in ice are printed for the

facilitation of later use.

In this part of the programme, the capital costs per month are calculated

from the following formula:

P | r(1 + r)h
C=—|~- + +q , (7)
121 (1 + r)y’ -1 '

CALCULATION OF ECONOMICS (File No. 5)

For each month from December to June, the amount of transported cargo as
well as the cost of transportation are calculated. Month 0 is December,
1 is January, and so on. In June there is no ice in the Baltic, so that

month is representative of the open water period of the year.

For highly powerful ships, it may not be economical to use the full power in

open water; this is also tested by the programme.

The economics of winter navigation are first calculated for the ship alone,

i.e. without icebreaker assistance.
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Then the same calculation .is repeated usiﬁg the speeds of the ship as-
sisted by one icebreaker. |f the speed with which the ship is able to
move in the channel of the icebreaker is higher than the speed of the
icebreaker in unbroken ice, then obviously the latter determines the
convoy speed. If the speed of the assisted ship drops below 2.5 m/s in
level ice or 0.2 m/s in ridges, it is assumed that the icebreaker starts

towing, and the speed under tow is taken as:

Vib * Vshi
v = —2 _ Snip (8)

2

If the ship is wider than the assisting icebreaker, the whole calculation
is repeated for a situation where the ship is assisted by two icebreakers,

i.e., where the channel is wider than the ship.

CALCULATED EXAMPLES

" The input data for some not very powerful ships are presented in Appendices

E1 and E2, and the results in Appendices F1 to F12. It can be clearly
seen from these results that the economics of these ships are governed

by the icebreaker.

The input data for two powerful ships with high icebreaking capability
are presented in Appendix G, and the results in Appendices H1 and M2.
In this case, the ship is able to govern her own economics and a KARHU-

class icebreaker is not able to improve the performance of the ship at all.

In Figures 2 and 3 some results of systematic calculations for several
different ships are presented. The ships are assisted by URHO-class

icebreakers. These figures show a clear optimum for the propulsion power.

~ SUMMARY

As a result of the programme, the total transportation capacity and costs
for a ship in year-round traffic to a harbour of the northern part of the
Gulf of Bothnia 1)alone, 2)assisted by one or 3)assisted by two icebreakers,

are obtained. By varying the parametres of the ship, the optimum design

can be determined.




It should be noted that the results of the calculations are somewhat
conservative as it is assumed that the ship penetrates all the ice there
is, whereas in actual ice navigation it would undoubtedly choose the

easiest possible route.

REFERENCE LIST

£—1;7 B M Johansson: '"The Influence of Winter on the Mavigation in the

Northern Part of the Gulf of Bothnia'',
Styrelsen f6r vintersj&fartsforskning, Forsknings-

rapport nr. 7, Sjdfartsverket, Stockholm, 1974,

NOMENCLATURE

€ = capital costs per month

P = price of ship

r = interest ratio

n = depreciation time (years)

q = repair costs per year as a fraction of price of ship
T, = bollard pull (104 N)

Ps = shaft power (kW)

KQ = torque coefficient
Ky = thrust coefficient
t = thrust deduction factor
V, = open water speed (m/s)
A = displacement (metric tons)
h = level ice thickness (m)
B = ship beam (m)
Y = stem angle (deqrees)
-CAB = air-bubbling coefficient
T3 = tow rope pull at 1.5 m/s speed of advance
R3 = ice resistance at 1.5 m/s speed of advance
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