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ABSTRACT

Subject of the paper is the problem of predicting sea-going ship resistance and/or horsepo-
wer in real operating conditions. Attention is drawn first of all to the need and possibility of
revising the very much outdated but still used "service margin" method, which consists in
adding an arbitrary percentage margin to the value of resistance or horsepower, relatively
precisely determined for the calm water conditions. A negative impact in this respect is
shown of the generally used delivery-acceptance procedures, where particular importance
is attached to the ship propulsion tests on the "measured mile". The need of revising the

"service margins" is a consequence of an obvious need for most efficient ships from the technical as well as
economic point of view. Secondly, it is a "must" of permanent improving the ship design quality - the adequ-
acy and accuracy of design methods. The work presents the "wave service margin" coefficient models. It is
assumed that they may contribute to the necessary rationalization of the procedure of real ship resistance
and/or horsepower determination. The work is based on the results of resistance tests of a series of ships
designed within the Baltecologicalship project. The tests were carried out in the Chair of Ship Theory and
Design of the Faculty of Ocean Engineering and Ship Technology, Gdansk University of Technology.
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INTRODUCTION

The role of ship hydromechanics in ship design

There is no doubt that the hydromechanical properties of
a sea-going ship are a fundamental quality (a set of qualities)
of the craft. They determine its physical substance and, to
a large extent, its functional effectiveness. It seems therefore
fully justified to think that ship design, aimed at creating the
best possible ship, will be particularly receptive to all the exis-
ting test models and will stimulate development of more and
more adequate and precise models.

However, in the confrontation with reality that may appear
to be wishful thinking. In fact, the ship design methods have
been based for decades on the same hydromechanical solu-
tions developed at the end of the 19th and beginning of the
20th century. The later developed solutions, quite useful and
definitely of better quality, have not been appropriately used in
design. As that pertains to the basic and vital ship characteris-
tics, such as transverse stability, load-lines, unsinkability and
the resistance-propulsion properties, it is difficult to qualify
the ship design as a modern and professional practical specia-
lity. One can hardly expect its products to be, as a rule and not
only by accident, as good as they can objectively be.

Therefore one has to agree, though regretfully, that :

»The naval architecture is a science of vague assumptions,
based on debatable figures taken from inconclusive instruments,
performed with equipment of problematical accuracy by per-
sons of doubtful reliability and questionable mentality”®.

That opinion has to be accepted because in the more and
more institutionalized and bureaucratic shipbuilding and ship-
ping system there are no signs of will and action aimed at chan-
ging the situation. On the contrary, quite clear are mechanisms
and tendencies of maintaining the status quo in this respect.

The problem discussed here is also important as it is rela-
ted to the theory of ships - a research and practical science, by
definition aimed at creating new more accurate and practically
useful models of hydromechanical phenomena. Lack of de-
mand from the practical design causes decreasing interest in
creating such models and concentration on the in fact ineffec-

tive ,,polishing” of the hydromechanical solutions used in ship
design procedures for years. That particular pragmatism® of
the theory of ships closes the ,,positive feedback” cycle, which
effectively petrifies and even deepens the hydromechanical
backwardness of shipbuilding.

Service margin

The above characterised situation is reflected in predicting
the ship service resistance and/or horsepower. Now, like in the
past decades, the main design and research effort is concentra-
ted on the idealised part of the problem, related only to the
calm water conditions. Ship resistance and/or horsepower in
real sea conditions is treated ,,marginally”: they are not used as
the hull size and shape selection criteria and their values are
roughly predicted by means of a ,,service margin”. The ,,servi-
ce margin” method is the simplest of all the possible ways of
predicting the real values of resistance Rtg (VE) and/or the
ship main propulsion horsepower Prg (V) typical of the nor-
mal sea conditions and the required service speed V. It con-
sists in determining those values as a product :

R1s (VE) = (1+ky, ) - RT (VE)
or: (1)

Prs (VE) = (1+ky ) - P1 (VE)
where :

= Rp(Vg) or Pp(Vg) are the ship calm water resistance or
horsepower values, respectively, for the speed Vi,

= Kk, is a dimensionless resistance and/or horsepower re-
serve (margin) coefficient, whose values are determined
by arather subjective selection from the k,, € (0.15; 0.35)
range.

In the past, up to mid 1960s, the so defined ,,service mar-
gin” method was a justified practical design approach. At that
time it was the only practical solution of the complex and im-
portant problem, not yet investigated and, needless to say,
modelled. Sticking to that method later when much more ac-
curate and useful real sea resistance (horsepower) prediction
design tools became available® has been a mere ship design

POLISH MARITIME RESEARCH, Special issue, 2004 29



Service margin - solution to the problem or a problem waiting for solution ?

,»shop floor neglect”. More importantly, that has been a neglect
with an evident effect - the resistance and horsepower ,,over-
size” ships.

As it was demonstrated (e.g. in [1, 2, 3]), ships designed in
the mid-twentieth century did not use in service ca. 20% of
their installed horsepower, whereas their average (taken from
several dozen sea trips) service speed was in the range of 60%
to 103% of the design speed. In the course of years, when the
cargo ship design speed and horsepower increased quickly, the
oversizing problem was becoming (it had to become) more
and more clear. It gained importance also because of the signi-
ficant improvement of ship hull construction technology.?
Therefore, practical economic indications could be seen to ra-
tionalize the design methods - to include the seagoing qualities
into the ship hull design criteria or at least to reduce the service
margins. It could have been expected that such revision would
soon become a fact. Nothing of the sort has ever happened.

Still a lot is being done in the ship design process to find
a hull shape with a still water resistance lower by so much as
a fraction of percentage point; the seagoing qualities of such
ship are generally a second-rate matter, most often totally ne-
glected. And still the so scrupulously minimized resistance is
then roughly increased by a 15 to 35 percent service margin.
Therefore, it may and should be assumed that even modern
sea-going ships ,,carry” at least a dozen or so percent reserve
of never used main propulsion system horsepower.

The ship delivery-acceptance procedure

It seems that the reasons of such a deformed situation in the
ship design resistance and/or horsepower prediction question
should be sought first of all in the firmly established and insti-
tutionalized ship delivery-acceptance procedures, where a par-
ticular role is assigned to the ship speed (propulsion capabili-
ty) test on the measured mile.

That test, intended to be an objective verification of real
propulsive and speed qualities of the ship, in fact does not pro-
vide such a verification. It does stimulate, however, working
out such design resistance-propulsion characteristics which
meet the respective contract requirements in the test (still wa-
ter) conditions. For the shipyard, negative result of that test
means a sure financial loss determined in the contract. On the
other hand, designing a ship having the resistance-propulsion
characteristics well suited to the typical operating conditions,
regardless of the measured mile test results, does not bring the
shipyard (designer) any additional financial profits.

As long as such a ship acceptance procedure is in use, one
should not expect any significant changes (rationalizing) in
designing the ship resistance-propulsion properties. Taking into
account :

= strong adherence of the shipbuilding and shipping industry
to the generally accepted solutions, particularly those of
the administrative and legal character

= objectively illusory but individually irrefutable conviction
on the part of the owner of the necessity of checking the
ship performance characteristics at the moment of delivery

= an evident interest of the shipyard and designer in applying
a sanctioned service margin with its broad range of values,
in order to ,,hide” all the inaccuracies of the resistance and
horsepower predictions,

it will take long for any changes in this respect to occur. There-
fore, it may be assumed that the service margin will still be
used in the ship design procedure for a long time.

In this situation, what can and should be reasonably done is
constant updating of the service margin values — improving
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the accuracy of their kyy coefficients. This task belongs to the
domain of the theory of ships. It is an immanent duty of that
speciality to generate more and more adequate models of all
those hydromechanical phenomena which determine the func-
tioning of ships. That duty is absolutely indispensable in rela-
tion to the phenomena and problems connected with the ship
safety and operational efficiency.

The purpose and subject of investigation

Apart from the above presented remarks, the purpose of
this paper is also to present some real possibilities of determi-
ning more adequate values of the service margin coefficient
ky. Those possibilities in general consist in making an effecti-
ve use of the seakeeping ability methods. In particular, they
consist in generalization of the long-term prognosis of addi-
tional ship resistance from sea waves Rpy.

It seems that the so obtained expressions of the type :

R
% =f(Fng,K) )

T

where : v,

/g .L is a di-
mensionless design ship speed and K represents the ship hull
governing geometric characteristics, may be correct measures,
if not the total ky, coefficient then at least its very important
component k — the service margin wave part coefficient.

Rt - is the ship still water resistance,

One way or another, such expressions may be an important
contribution to the necessary rationalization of the service
margin values.

The paper is based on the results of ship resistance tests
carried out in the Faculty of Ocean Engineering and Ship Tech-
nology, Gdansk University of Technology, in the ,,Balteco-
logicalship” project and is an additional summary of those te-
sts. The test materials are presented and discussed in detail in
[5,6,7,8].

LONG-TERM PROGNOSIS OF THE
INCREASED RESISTANCE OF A SHIP
MOVING IN HEAD WAVES

Definitions

» The ship resistance increase (additional resistance) was pre-
dicted (determined) only for the head sea conditions i.e.
for wave incidence angle B equal to 180°.

» The long-term prognosis of resistance increase (additio-
nal resistance from sea waves) R,y of a ship moving with
constant speed V were determined as probabilistic estima-
tion of a mean value of a set of random short-term additio-
nal resistance R w(x) prognosis for that ship :

Rav =2RAW(X)'P(X> 3)

where :

= x={a,b,c}isasetof discrete random sailing con-
ditions, which have assigned to them the resistance
increase values R w(x) determined as short-term
prognosis. Elements of the x set are: ship loading
conditions [a], sailing regions [b(b;,b,)] —seas (b;)
and their regions (b,) and sea states — wave condi-
tions (¢) characteristic of those seas

= p(x)=p(a) - p(b) - p(ce|by) is a probabilistic model
of conditions x, or the combined probability func-
tion of discrete random variables a, b, and c.
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» The short-term prognosis of resistance increase

R w (%) (prognosis of resistance increase in the stationary
irregular wave conditions) were determined in accordance
with the principle of superposition expressed as follows :

R ,w(x)= foAw (@,2)-S(w,b,c)-do  (4)
© where :

= raw (w, a) is a dimensionless resistance increase
coefficient (resistance increase operator) determined
from ship model tests carried out in regular head
waves of different frequencies @

= S (w, b, ¢) is a model of the spectral density function
of stationary irregular waves, the form of which was :

— assigned to a sea region by. For restricted
(coastal) waters — the JONSWAP spectrum,
for unrestricted (open) waters — the ISSC
spectrum

— identified each time by the sea state charac-
teristics ¢ = ¢(Hy/3 , Ty) : significant wave
height Hy/3 and characteristic period Tj.

» The resistance increase prognosis were prepared for :

= shipping routes in the North Sea and Baltic Sea
regions, whose probabilistic model p(b) was based
on the Author’s knowledge

= random stationary waves, whose probabilistic mo-
del p(¢) =p(Hy/3, T1) was based on the information
taken from the ,,Global Wave Statistics” atlas [4]

= three ships with two loading conditions [light (ay)
and heavy (a3)] described by the model p(a) assu-
med by the Author

= three speeds V of each ship. The speed values were
in the range Ve < 0.65Vg ; 1.1Vg > where Vg is
the nominal (design) service speed of each ship.

Determination procedure
of the long-term R 4 prognosis

The determination procedure of a single (for a given ship

and its constant speed V) Ray prediction, as described by
expressions (3) and (4), was the following :

—> In the first stage the functional relations: ryw = f (@, )

were determined, where : @ = 0(L/g)""? is a dimensionless
wave frequency determined in a stationary system.

The relations were based on the results of model tests car-
ried out with 1:85 scale ship models towed in calm water
and on ca. 15 regular waves, whose frequencies @ were in
the w € (1.5, 5.0) range.

In the second stage the Ry prognosis were calculated in
accordance with expression (4).
The Rw values were calculated
for stationary waves (sea states) ¢ (T1, Hys3) :

= whose Ty and Hy,3 characteristics were taken from the
Tie <4s;10s >, Hy;ze <0.5m ; 6.5m > ranges

= whose spectral density function S (w, Ty, Hy/3), depen-
ding on sea region, is modelled by :
— for coastal waters — the ISSC spectrum in the form :

173-H;} ; _4
—— 185 expl-B-o
oS pl )

S(m,T,H1/3)

— for open waters — the JONSWAP spectrum in the
form proposed by the Author :

1
S (CO:T 9H1/3): ES(@’:T =H1/3) :

3 ‘3exp[—80~|0.2069~(o~T1 -1 ]

where : S (0,T1,Hy/3) is a model of the ISSC spectrum.

—> Inthe third stage, using expression (1), the R,y prognosis
were calculated.
The R,y values for each ship and for each selected speed V
were calculated by means of a probabilistic model of all-
-year sailing conditions, whose elements are :

= ship loading condition probability function p(a) presen-
ted in Tab.1

= sailing area probability function p(b) presented in Tab.2

= sea state probability function p(c|by) = p(T1,Hy/3/b1)
for the NORTH SEA presented in Tab.3

= seca state probability function p(c|by) = p(T1,Hy/3/b1)
for the BALTIC SEA presented in Tab.4.

Table 1

Loading condition p(a;)

light a; | heavy a, z
0.800 0.200 1.000

Table 2
Sea areas | North Sea Baltic >

Restricted 0.150 0.100 | 0.250
Open 0.450 0.300 | 0.750
> 0.600 0.400 1.000

Table 3

Heights Periods T, [s]
Hy; %

ml |4 | 5|6 | 7|8 |9 |10

0.5 10.019/0.084|0.092{0.0410.010]0.002 - 0.248

1.5 [0.003/0.048|0.120|0.096 [ 0.037]0.0100.002{0.316

2.5 10.001|0.017]0.061{0.071]0.039|0.013 [ 0.003 | 0.205

3.5 - 10.0060.027]0.038]0.024 { 0.010 [ 0.003 ] 0.108
4.5 - 10.002(0.011]0.018]0.014 0.006|0.002]0.053
5.5 - 10.001 |0.004]0.009]0.007 [ 0.004 |0.001]0.026
6.5 - - 10.0020.004 {0.004]0.002] 0001 |0.013

= 0.023]0.158 (0.317]0.277]0.135{ 0.047 | 0.012] 0.969

Table 4

Heights Periods T [s]
H,, >
m] | 4 |5 | 6] 7 |8]9 |10

0.5 10.093]0.140(0.075]0.020]0.003 | - - o331

L5 10.033]0.130]0.130| 0.060 | 0.014 | 0.003 | 0.001 | 0.371

25 10.006 |0.045 [ 0.068 | 0.040 | 0.013 [ 0.003 | 0.001 | 0.176

35 o.001 [0.011[0.020[0.015[0.007[0.002] - [0.056

45 - 10.002]0.006|0.005|0.002[0.001| - ]0.016

z 0.133]0.32810.299]0.140{0.039] 0.009 | 0.002 ] 0.950
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Ships

The resistance increase predictions were determined for three
ships, with their main characteristics presented in Tab.5.

The Ry values were determined in accordance with pro-
cedure described at the page 31, and the R, and Ryc resi-
stance values were determined from model test results recal-

Table 5
Tanker Container carrier Ro - ro ship
Ship characteristics Symbol light | heavy light heavy light | heavy
loaded | loaded | loaded | loaded | loaded | loaded
ship ship ship ship ship ship
Length between perpendiculars L [m] 132.00 132.00 147.75
Length on waterline Ly [m] | 13177 ] 132,18 | 129.28 | 132.00 | 145.24 | 147.50
Breadth B [m] 22.50 22.50 24.80
Draught d [m] 8.00 [ 870 7.60 | 855 6.00 [ 6.50
Depth D [m] 12.80 11.20 14.00
Displacement V [m’] 17512 | 19375 | 15138 17528 | 13899 | 15940
Block coefficient Cg [-] 0.737 | 0.750 0.671 0.690 | 0.632 | 0.650
Coefficient of fineness Cw [-] 0.884 0.906 0.845 0.869 0.855 0.868
Service speed Ve [kn] 14.00 16.50 19.50
Dlmenspnless long.ltudmal Ko /L[] 0.250 0.250 0.250
radius of gyration v

It can be seen that in the NORTH SEA :

= annual mean wave parameters are : T;=6.35s; H;3=1.95m
= calm water occurs with probability p = 0.031 i.e. approx.
11 days in a year.

It can be seen that in the BALTIC SEA :

= annual mean wave parameters are: T{=5.36s; H;3=1.43m
= calm water occurs with probability p = 0.050 i.e. approx.
18 days in a year.

Results of the calculations
Table 6 presents the values of :

= mean still water resistance Rt = 0.8Ryp, + 0.2Ry¢ (Where
Ry, and Ryc are still water resistance values in the light
and heavy loading condition, respectively)

= Jong-term prognosis of resistance in waves R,y

= total mean resistance in waves Rypy = Rt + R,y

RAV RAV

and

T TV

= respective relative increases :

determined for 3 speeds V
of each ship characterised in Tab.5.

\% S
where: Cy = ——— ; Cy = ——
L-B-d L-B
Table 6
Tanker Container carrier Ro - ro ship
V w] 98 [12.6 | 154 | 115|142 | 169 | 125|164 | 203
Fn[-] 0.140|0.180|0.220]0.164]0.203|0.242]0.169{0.222 (0.274
Rt [KN] 180 | 360 | 635 | 270 | 420 | 680 | 215 | 390 | 810
Rav [kN] | 56 | 76 | 83 57 | 65 72 | 46 | 50 | 54
Rav [KN] | 236 | 436 | 718 | 327 | 485 | 752 | 261 | 440 | 864
%I%I 30|20 | 13 |21 |15 [ 11 |21 | 13| 7
T
%l%l 24 17 12 17 13 10 18 11 6
TV
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culated for a real ship by the three-dimensional extrapolation
method.

Long-term prognosis of the relative increase
of resistance in waves - wave service margin

RAV

Figure presents a coefficient function k = = { (Fn) built
T

from the respective values taken from Tab.6 :

= points (different for different ships) mark the k = Rav
values taken directly from Tab.6 T

= full line marks a universal function for the ships in question
and their speeds, of the following mathematical form iden-
tified here :

L _Ray _ 0.0635

R, Fn
where: Fne <0.12 ; 0.30>

- 0.157

)

The expression (5), with the assumption that :
Vg

el

may also be treated as a certain model of a dimensionless co-
efficient (k) of the wave service margin, i.e. coefficient be-
ing a component (part) of the coefficient ky, [see expression
(1)], which determines the ship resistance and/or horsepower
margin balancing the expected (in the long-term prognosis
sense) increase RAyv(VE) [or PAy(VE)] caused exclusively by
the sea waves.

Fn= Fng =

0.4
0.35 N
0.3
4 Tanker
2025
.2
S 02
=
80.15
O \-\
0.1 —~—]
ey Container [-—
Ro -ro
0
0.12 0.17 0.22 0.27
Froude number Fn
RAV

Fig. Expressionk = =f(Fn)
Ry
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An alternative version of model (5) is the expression :

R
k, =%=o.91~08—0.50

1 (6)
for Cze€<0.50;0.85>

where: Cp = Ve is the design block coefficient
UE
(corresponding to the design values of Vg and d ).
Model (6) was identified here
by substituting to model (5) an expression :
_ 0070
Cg—-0377

devised by the Author and very close (qualitatively
and quantitatively) to the well known Ayre’s formula :
Cp=1.075 - 1.68Fng

In order to illustrate the obtained results, Tab.7 presents

g

percentage values of the k and ky wave service margin coeffi-
cients, calculated :

>
>

according to models (5) and (6)

for ships characterised in Tab.5, where values of the Cg
coefficients for those ships were determined as their long-
-term prognosis, i.e. as weighted averages of the Cg values
corresponding to the light (80 %) and heavy (20 %) loa-
ding condition.

Table 7
Tanker Conta.mer Ro-ro ship
carrier
Csg [-] 0.740 0.675 0.636
Vg [kn] 14.00 16.50 19.50
Fng|[-] 0.200 0.236 0.263
k o, V) 0,
model (5) 16 % 11% 8%
k1 0, ) 0,
model (6) 17% 11% 8%
CONCLUDING REMARKS

It is fitting to underline the following aspects
in the summary :

O The intention of this paper is to draw attention to the needs

and possibilities of :

% constant improvement of the quality and quantitative
accuracy of the ship theory and design methods

% more frequent application, in ship theory and in practi-
cal ship design, of the useful but still little used models
of ship hydromechanics - the seagoing qualities in par-
ticular.

It was particularly intended to remind that such an impor-
tant design problem as prediction of optimum ship resi-
stance and/or horsepower in real operating conditions still
remains a problem waiting for solution.

An important objective of the work was also to indicate
a possibility of identifying more justifiable service margin
formulae based on generalisation of long-term prognosis
of the relative additional ship resistance in waves.

The identified models (5) and (6) do not aspire to be com-
plete and directly applicable design service margin formu-
lae, as they :

* are based on too scarce research material, and also
* are modelling only the wave part of the problem.

The above mentioned limitation of models (5) and (6) is to
some degree compensated by the fact that their results are
an upper estimation of the wave service margin. They were
identified :

+ only for the head sea conditions when the resistance
increase is the greatest

without taking into account the voluntary speed (and
horsepower) reduction and/or change of the ship co-
urse in order to protect the ship against too intense (dan-
gerous) motions - accelerations, vibrations, slamming,
shipping of water etc.

The form of models (5) and (6) shows clearly that the k
coefficient depends either on the ship design speed Vg or
on the design values of block coefficient Cy:

+

A it is inversely proportional to Vg
A it is directly proportional to Cg.
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b)

<)

d)

Author of the sentence unknown

There is a strong conviction that the work of research and

practical sciences may be appreciated only when it is

concentrated on fulfilling the existing and not potential design

needs

- ,.superposition principle” published in 1953 by St. Denis and
Pierson and its application to the resistance-propulsion
problems published in 1967 by Vassilopoulos

- standard spectral (spectral density function) wave models, e.g.
the Pierson-Moskowitz model recommended in 1969 by ITTC

- atlases of annual wave distributions in the main shipping sea
areas, e.g. the ,,Ocean Wave Statistics” atlas published in
1967 by Hogben and Lamb

The problem is that the service margin is meant to be a remedy

not only for the increased ship resistance (horsepower) due to

sea-way but also due to the uncontrolled and gradually

increasing hull roughness. There is no doubt that with totally

welded hull shell (and constantly improved welding methods)

and with a constant progress in the quality, durability and anti-

-fouling effects of paint coatings, also the ,,roughness”

component of the service margin should be revised (reduced)
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