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ABSTRACT 
 
Standards on noise and vibration assessment are continously updated to be at the same time effective and reasonably 
applicable to ships. In order for the Rules to be of practical use it is imperative that they identify a procedure character-
ized by a series of prerequisites, that are easily identification of the exciting sources and repeatability of measurements. 
For defining more reliable assessment standards, a better understanding of the mechanism which governs the comfort 
perception is also necessary. In fact, passengers determine their acceptance of a cruise ship on the basis of considera-
tions relating essentially on their perception of comfort, and among all the different factors relating to comfort, noise and 
vibrations are the main topics.  
In this framework, this paper is focussed on the technical aspects of the ISO 6954 regulation and discusses the criteria on 
which it is based with the aim of promoting further improvements of the Rule.  
 
 
 
1.  INTRODUCTION 
 
The issue of comfort on board of cruise ships has become 
of paramount importance in the last years, since the 
judgment expressed by passengers on their stay aboard is 
based above all on the quality of the well-being per-
ceived in the various spaces of the accommodation 
decks.  

In general, the choice made by a potential passenger 
of cruise ship is influenced by a variety of factors, such 
as itineraries, fares, on board facilities, degrees of luxury, 
each of them considered on the basis of the personal 
preferences. However, the most important factor that 
conditions the choice, whatever it will be, is the confi-
dence that a sufficient personal comfort will be assured 
on board cruise ship. 

Passengers determine their acceptance of a cruise 
ship on the basis of objective and subjective considera-
tions relating essentially on their perception of comfort 
and safety. 

Among all the different factors relating to comfort, 
noise and vibrations are undoubtedly the main topics, be-
coming a crucial issue in a design procedure oriented to 
the satisfaction of the passengers expectations.  

Thus, providing low levels of noise and vibrations is 
decisive in maximizing the comfort on board, and shi-
powners give great importance and define extremely 
strict limits with regard to this issue, even if the problem 
of defining the acceptable comfort level on board repre-
sents a difficult task. Comfort has become an important 
contractual item, supported by heavy penalties if not 
fully complied before the ship delivery. 

In this situation, designers get involved in accurate 
predictions of noise and vibrations levels. Design process 
can be only based on their experience gained by the co-
operation with shipowners, which in turn test the quality 
of cruise ships on the passengers feedback. 

 As a matter of fact, experiments and simulations can 
not be effective for testing a comfort level, since, during 
a test, people will be certainly not in the same psycho-
logical state as they are on board during a cruise. Conse-
quently, the comfort oriented design need to be based on 
the verification of the real comfort perceived by passen-
gers. The feedback got from passengers is usually ex-
pressed in terms of notes presented to shipowner.  

For assessing an acceptable comfort level on board, 
shipowners and designers can also make reference to 
rules and standards, that, however, hardly provide an ef-
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fective guidance, since they do not consider nor the inter-
action among all the possible sources of disturbance, nei-
ther the subjectiveness of the passengers response to the 
different stimuli influencing their sensation of comfort. 

On the other hand, with the purpose to better quan-
tify the comfort perceived by passengers, and hence the 
comfort quality offered on board, rules limit of levels of 
stationary noise and vibration and indexes characterizing 
the non-stationary noise are under continuous evolution.  

Evolution of the rules is certainly a quite long and 
difficult process that should also take advantage from 
best standards practice with the aim of providing practi-
cal and reliable tools, able to give to designers, through 
transparency, a better understanding of the design princi-
ples.  

Nowadays, new rules and standards on comfort qual-
ity on board ships are under discussion with the purpose 
of enhancing the comfort offered on board and, at the 
same time, to meet the expectations of the maritime in-
dustry for guidelines consistent with the ships environ-
ment. 
 
2.  ON THE NOISE AND VIBRATION STANDARDS  
 
2.1  A BRIEF HISTORY  
Before the coming into force of the Classification Socie-
ties comfort classes, relevant international standards were 
applied to define recommended noise and vibration crite-
ria, based on studies carried out on board of ships by a 
number of researchers.  

In particular, it is worth to mention the work of Kjaer 
(1958), which defined limits for vertical vibrations based 
on a visual assessment of a vibrograph (1969), obtained 
judgements from a small group of persons on four ships 
and concluded that a combined noise and vibration rating 
procedure provided a good indication of annoyance, but 
the method made assumptions about the human sensitiv-
ity to vibration frequency and direction (axis) and the 
summation of noise and vibration effects differed from 
the conclusions of laboratory experimental studies.  

Other procedures and criteria for evaluating ship vi-
bration were proposed by Kanazawa (1961) and by 
Hagen and Hammer (1969). Also Classification Societies 
(e.g., Bureau Veritas (BV)) in the Seventies proposed vi-
bration limits in vertical direction based on their own 
measurements and experience on ships [1]. 

Finally, in 1984, International Organization for Stan-
dardization (ISO) defined a method for measuring and 
reporting shipboard vibration (ISO 4867 and ISO 4868 
Rules) and ISO 6954 Rule offered guidance for the over-
all evaluation of vibration in merchant ships.  

These standards, where the admissible vibration 
level was expressed as maximum peak value, being 
based on field observations and experience, did not re-
flect methods for predicting human response to complex 
vibrations.  

In the meantime, shipyards acquired on these sub-
jects a wide technical experience that allowed the im-
provement of both the quality of the design predictions 
and the efficiency of the acoustic and vibration solutions 

adopted. Furthermore, the availability of an ever more 
extended and complete database has made possible solu-
tions and improving interventions ever more effective.  

Some years later, on the basis of the ISO standards 
Classification Societies established their comfort classes, 
with different interpretation of the ISO Rule: 
− for Det Norske Veritas (DNV) comfort class (1994), 

the vibration level was expressed through a peak value 
[mm/s] defined as the r.m.s. value multiplied by 2 ; 

− for Lloyd’s Register of Shipping (LR) comfort class 
(1998), the same vibration level was expressed through 
a peak value [mm/s] defined as the r.m.s. value multi-
plied by 2 and by a crest factor cF  equal to 1.8; 

− for Bureau Veritas comfort class (1999), the same vi-
bration level was expressed through a peak value 
[mm/s] defined as the maximum repetitive value corre-
sponding to the “peak hold” value. 

In 2000, the ISO 6954 has been revised and the crite-
ria were based on an integrated weighted overall r.m.s. 
level.  

Even if these criteria reflect a better human percep-
tion of the vibration and put on the same basis of inter-
pretation the Classification Societies, this new revision 
leads not only to stricter limits, but also to develop a new 
approach for vibration prediction (that however appears 
to be very difficult).  

When stationary-noise levels are concerned, a con-
solidated and well accepted procedure is currently 
adopted. It has been set up during the years and now is 
widely considered as an adequate benchmark for noise 
annoyance evaluations.  

Reference standards are those issued by the Interna-
tional Maritime Organization (IMO), which are rules aim-
ing at securing an acceptable level of comfort to the 
crew. Such standards have not undergone any modifica-
tion over the years and today are sometimes considered 
obsolete since in some cases the noise levels required by 
shipowners are lower. 
 
2.2  A CONSOLITATED DESIGN PHILOSOPHY  
The rules of the International Organization for Standardi-
zation and the International Maritime Organization have 
been during the years a sound standard of reference for 
both shipyards and shipowners concerning the vibration 
and noise limits on the ships.  

Today, in the shipbuilding field, the comfort oriented 
design concerning noise and vibration is governed by 
two single rules: 
− the ISO Rule 6954:1984 “Mechanical vibration and 

shock, Guidelines for the overall evaluation of vibra-
tion in merchant ships” [2] concerning hull vibration, 
originally proposed to be applied to crew accommoda-
tions only, but at present applied mainly for passengers 
and crew accommodations areas; 

− the IMO Rule A468(XII):1981 “Code on noise levels 
on board ships” [3] concerning the air noise in the vari-
ous types of spaces on board, including the working 
areas (for instance the engine rooms), and proposed to 
securing an acceptable comfort level to the crew. 
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On these basis both shipyards and shipowners for 
many years took advantage of the common experience 
made in applying the aforementioned standards and by 
assimilating in the design philosophy the approach pro-
posed by the rules. The know-how of shipyards has in 
time undergone a constant improvement, allowing to 
meet the challenging requests for a higher quality com-
fort on board of cruise ships. 

As a matter of fact, limit values set by the foregoing 
rules are a benchmark in the procedure for the determina-
tion of the vibration and noise levels on board the ships. 
In such respect, it is worth noting that, while some years 
ago the shipowner specifications used to establish as lim-
its precisely the rule limits (in other words the shipowner 
higher limit was equal to the regulation lower limit), now 
there is the tendency to lower the limit values aiming at 
ever higher comfort characteristics. 

However, it is to be remarked that shipyards and shi-
powners usually adopt the standard based on the “peak 
values approach” (that given in the ISO 6954:1984) as 
reference, reducing their limits and differentiating them 
between areas devoted to passengers and crew. 

The lower limit of the range of acceptability men-
tioned in the old ISO Rule has always been considered 
the maximum limit tolerable. It is equal to 4 mm/s of 
peak value when, in the range of medium and high fre-
quencies, the crest factor is not taken into account (cF = 1). 
As above mentioned, such limit value represents the 
starting point for the determination of an ever increasing 
level of comfort for the accommodation spaces for pas-
sengers and crew. 

In the meantime, shipyards and shipowners have 
been assisted by the Classification Societies, that pro-
vided specific advice on the subject. Det Norske Veritas, 
first among them, have studied and set guidelines for the 
evaluation of the comfort on board, supplying directions 
on the vibrations and noise limit levels. In particular, dif-
ferent levels of comfort quality have been set, differenti-
ating the corresponding limit levels in accordance with 
the ships type. 
 
2.3  THE NEW ISO APPROACH  
After its drawing up in 1984, the ISO Rule has remained 
a sound reference for many years before undergoing a 
full revision in 2000, when the “ISO 6954:2000 − Me-
chanical vibration, Guidelines for the measurement, re-
porting and evaluation of vibration with regard to habita-
bility on passenger and merchant ships” [4] has been is-
sued.  

The attention of new ISO Rule is explicitly turned to 
the evaluation of ship vibrations with respect to habita-
bility. The word “habitability” is used in the rule to iden-
tify the purpose of the rule, that is to treat the effect of 
vibrations on human beings (i.e., on comfort). In other 
words, if the recommended limits are not exceeded, dam-
age to health is unlikely to occur. 

With reference to the old version, the new Rule sug-
gests substantial modifications both to the theoretical ap-
proach and its practical application. Concerning the theo-
retical approach, it is to be noted that rules vibration lim-

its do not refer to the compliance with single spectrum 
components, but concern instead an overall value charac-
terising the spectrum. Such a value is obtained summing 
up, in the range from 1 Hz to 80 Hz, the one-third-octave 
components, suitably weighted with a proper curve as 
defined in the ISO 2631-2 Rule [5] and called “combined 
frequency weighting curve”. The resulting value aw in 
mm/s2 is the “overall frequency-weighted r.m.s. value” of 
the measurement and, clearly, it is no longer a peak 
value.  

The overall frequency-weighted r.m.s. value is given 
by the following relation: 

2( )w a ii i
a = W a∑  (1) 

where the i-th Wa value is the weighting factor for accel-
eration to be applied to the measured r.m.s. acceleration a 
in mm/s2 calculated in the i-th one-third-octave band. 

The highest value in any direction is used for the 
evaluation of habitability, taking into consideration the 
different classification areas proposed by the rule. The 
compliance with the rule is given by the relation: 

w w,Ha a≤  (2) 

where aw,H in mm/s2 represents the limit value recom-
mended by the rule for checking the habitability. Two 
levels of habitability are defined and the zone between 
upper and lower limit reflects a shipboard vibration envi-
ronment commonly experienced and accepted [6].  

The limit values are shown in Tab. 1 with reference 
to the classification areas, that, for guidance, can be so 
defined: A-type areas may be applicable to passenger 
cabins, B-type areas to crew accommodation areas and 
C-type areas to working areas. 
 
2.4  REACTIONS TO THE NEW ISO APPROACH  
The balance attained between shipyards and shipowners 
has however been shaken by the introduction of the new 
ISO Rule that, in respect of the existing ones, is based on 
different concepts regarding the evaluation of the accept-
ability of the vibration levels on board.  

The formulation proposed for the vibration control 
has fully turned upside down the philosophy of approach 
to the problem. 

  
Limit values aw,H  [mm/s2]  

   
Classification area  

   A B C 

  Values above which 
adverse comments are 
probable 

143 214 286 
 

  Values below which 
adverse comments are 
not probable 

71.5 107 143 
 

Tab. 1:  Guidelines for the habitability. 
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Therefore, new should be the design procedures and 
new the techniques of measurement. 

However, after coming into force the revision in 
2000, shipyards and shipowners tend to consider still 
valid the methodology proposed by the old ISO 6954 
Rule. Indeed, their experience suggests that the old ISO 
Rule can be very effective: in fact, the observation that 
for the cabins where low peaks levels are registered there 
are no claims by the passengers, is generally valid. This 
means that the methodology based on the ascertainment 
of a single peak frequency when the limit value is well 
set (for instance 2 mm/s), can provide an indication con-
sistent with the sensitiveness of passengers. 
 
2.5  REMARKS ON THE NEW ISO APPROACH  
When the new version of the ISO 6954 Rule on comfort 
on board in relation to vibration phenomena became ef-
fective, it caused doubts and perplexities. The main issue 
is that, essentially, the new 6954 Rule has not been origi-
nated by experimental measures aiming at ascertaining 
the discomfort sensations connected with the vibration 
phenomena, but is due to an already existing Rule (the 
ISO 2631-1/2 Rules [7,5]), and this Rule concerns the 
perception of whole-body vibration with the aim of de-
fining a criterion to be used not for evaluating the sensa-
tion of comfort, but the human tolerance to vibrations. 

A number of studies verify that the perception of si-
nusoidal whole-body vibrations shows considerable dif-
ferences when compared to the ISO standard. On the 
other hand, it has to be pointed out that data from differ-
ent laboratories deviate from each other too, probably 
due to the differences of the psychophysical measure-
ment methods [8].  

In this frame, in 2003 the base curve representing 
magnitudes of approximately equal human response (the 
so called sensitivity curves), as well as design guidelines, 
given in ISO 2631-1/2 Rules have been withdraw with 
the motivation that “guidance values above which ad-
verse comments due to building vibration could occur are 
not included any more since their possible range is too 
widespread to be reproduced in an International Stan-
dard” [9]. The problem is now definitely open. 

The new 6954 ISO Rule however does not attain its 
purpose if it will define the basis for evaluating the qual-
ity of the comfort in the accommodation areas of a cruise 
ship. In fact, the rule should tend actually to determine 
comfort perception for all the persons on board and 
mainly for passengers who, on one side expect a high 
level of comfort and on the other have some problem to 
familiarize with the ship environment owing to their 
short stay on board. 

The fact that this Rule is based on considerations 
concerning the health of a person exposed to vibrations 
could only be acceptable when the human tolerance in 
working areas has to be assessed.  

Other remarks have been expressed on the new ISO 
approach.  

Concerning the frequency range to be evaluated, it is 
to be pointed out that measuring vibrations at frequencies 
from 1 Hz is not only unnecessary, in fact very rarely 

there are on board exciting sources with frequencies 
lower than 3 Hz, but could even be the source of errors. 
The proposed procedure considers as effective part of the 
sample oscillating components related to the sea and 
wind action, that is to say ship motions − which do affect 
human wellbeing but in different manner, such as sea-
sickness. Therefore, the measurements become ineffec-
tive, because they are infected by ship motions. More-
over, being in general ship motions not stationary, meas-
urements become not reproducible. 

The method for the evaluation of comfort proposed 
by the new ISO Rule is based, as already said, on the 
analysis of the whole spectrum. Thus, the peak values, 
which can be related to the first harmonics of the exciting 
sources on board ships, are not investigated in the as-
sessment process. 

However, the narrow-band approach allows to di-
rectly correlate the peak values to the sources of vibra-
tions, and makes it possible to quick evaluate the most 
appropriate remedies. This is absolutely not practicable if 
the method of the new ISO Rule is applied. In fact, in this 
case the sources of disturbances are not detected. Thus, 
measurements are not even reproducible, since it is not 
possible to identify which are, among the many machin-
ery and equipments on board, those that give a significant 
contribution to the measurement performed. 

In many critical cases of concomitant exciting 
sources, due to different plants influencing the same 
measurement point, the readings carried out at different 
times will probably have a poor comparison with each 
other. In fact, on board it is difficult to handle the 
operating conditions of several plants at the same time. 
Since the measurement in third octave band does not 
allow to recognise clearly the contribution of each plant 
separating it from the others, for practical reasons it will 
be necessary to take the measurements in narrow band, 
in order to make the readings understandable, and this 
will lead to more confusion in the difficult cases. 

As a consequence, the vibratory behaviour of a ship 
cannot univocally be assessed. 

Furthermore, while within the old ISO approach it 
was possible to foresee with acceptable approximation, 
through numerical FE analyses, the hull response to the 
first propeller harmonic (being this the source of higher 
disturbance), at present there are not reliable methods 
ready to be used in the prediction of the overall response 
values. This means that it is not possible for designers to 
adjust the design to the limit value of the Rule, with real 
difficulties to comply with the ship specifications.  

Moreover, not negligible is the lack of sensitiveness 
of designers towards the new approach philosophy. The 
fact that it is very difficult to convert the new standards 
into practical design procedure has been also stressed in 
2003 by the ISSC Technical Committee II-2 “Dynamic 
Response” [10].  

Should these problems be confirmed by the use of 
the new standard, it is possible that the unpleasant techni-
cal and economical consequences that would be brought 
about, might end up in discouraging and dissuading from 
using the standard itself. 
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In conclusion, there are a series of doubts about the 
effectiveness of the new ISO 6954:2000 Rule for the at-
tainment of better standards of real comfort on board of 
cruise ships. So, the statement that “it better reflects the 
human sensitivity by taking into account the entire spec-
trum from 1 to 80 Hz” is not widely accepted. Therefore, 
since the old ISO 6954:1984 Rule gained general accep-
tance for the evaluation of comfort, it is very unlikely 
that shipyards and shipowners move to the new version 
of the standard. 

On the other hand, the new ISO Rule gives some ad-
vantages.  

First of all, the Rule, giving recommended vibration 
limits for three different kinds of spaces, assists shi-
powner and yards in defining ship specifications. How-
ever, it is still up to the contractual partners to exactly 
define the map of the vibration limits on board a cruise 
ship.  

Another advantage resulting from the Rule is that the 
problem with the “crest factor” is overcome. 

As clearly explained in [6], in the narrow-band ap-
proach peak values of amplitudes had to be considered 
individually for each excitation frequency. Since the pe-
riodic excitation forces of the propulsion plant – espe-
cially of the propeller – are subject to a certain degree of 
variation, the vibration values, too, are measured with the 
corresponding variance.  

This fact led to problems in the assessment because 
the standard did not clearly define how a “mean” peak 
value (maximum repetitive value) was to be calculated 
from values of differing magnitude determined over the 
duration of the measurement. 

Although measuring vibration data to this standard 
was relatively straightforward, the major difficulty and 
cause of disagreement between the parties was in the ap-
plication of the conversion factor, that is a factor which, 
if applied to a peak value, allows to obtain the relevant 
maximum repetitive peak value (which has then to be 
compared with the proper limit value).  

Due to the influence of different vibration sources 
the vibration signature varies around the ship and it could 
be difficult to come to the real value of the conversion 
factor at every measurement location [11]. 

The conversion factor is the so called “crest factor” 
and, if not determined by measurement, should be prop-
erly assumed. Unfortunately, there was not an agreement 
on the value to be assigned to it. Now, the term “crest 
factor” is no longer necessary and is thus completely can-
celled. 

Anyway, it is worth noting that the problem with the 
crest factor is not so relevant on board ships if measure-
ments have a duration (that is to say, about one minute) 
sufficient to perform a post-processing analysis over a 
certain number of spectra obtained from the time record 
− and, obviously, if measurements are taken in calm sea. 
In effect, the sources of vibrations on board of ships (i.e., 
propulsion plant, ventilation and air conditioning sys-
tems) are only slowly non stationary and produce stable 
peak values in the frequency range from about 3 Hz up-
wards.  

2.6  THE ROLE OF CLASSIFICATION SOCIETIES  
Classification Societies too were interested from the be-
ginning in issuing guidelines concerning the comfort on 
board. As already mentioned, the first was Det Norske 
Veritas that in mid-Nineties has drawn up a real class no-
tation concerning the effect of noise and vibrations on 
comfort.  
In subsequent years, it has been followed by the other 
main Classification Societies, such as American Bureau 
of Shipping (ABS), Bureau Veritas, Germanischer 
Lloyd’s (GL), Lloyd’s Register and the Italian Classifica-
tion Society RINA. 

In general, such documents determine three levels of 
comfort and to each one of them one comfort class is as-
sociated rating from 1 to 3: comfort class 1 corresponds 
to the best habitability, while comfort class 3 is substan-
tially associated with the higher limits of the IMO and 
ISO Rules. The “Harmony Class” Rule for cruise ships 
issued by Germanischer Lloyd’s differs from the others 
in ranking 5 quality levels and in making a differentiation 
of requirements depending both on the operating condi-
tions of the ship (seagoing, thruster operation and har-
bour mode as well) and areas classification − which is 
made with reference to use and location of spaces.  

The requests of shipowners for the new cruise ships 
tend to line up with the comfort levels corresponding to 
the best habitability conditions established by the com-
fort class notations. In general, cruise ships’ comfort is 
not certified by Classification Societies. On the contrary, 
ro-ro pax vessels for the routes of North Europe are usu-
ally designed to meet the requirements of the best com-
fort class conditions of Det Norske Veritas, while a com-
promise often accepted for ro-ro vessels is that of obtain-
ing the intermediate class (comfort class 2), in order to 
control both the rise of weight and costs connected with 
the increase of insulations. 

In practice, a comfort class could be defined, as a 
voluntary class notation issued when full-scale measure-
ments verify that ship fulfils the specified requirements. 
The limits of noise and vibration that identify the forego-
ing classes are different for the various Societies. 

The limit vibration levels pertaining to the comfort 
classes of the various Classification Societies are defined 
with reference to a standard based on the narrow-band 
(maximum repetitive peak) approach, as proposed by the 
old ISO Rule, or on the approach of the new ISO Rule, 
which considers the broadband nature of vibration. If the 
former one is considered for establishing the comfort 
class criterion, not a single methodology is adopted for 
keeping into account the repetitiveness of the peaks. 

At present, RINA and DNV adopt the narrow-band 
approach, even if DNV has updated its standard in accor-
dance with the new rule, reaching a compromise between 
the new and old ISO approach. On the contrary, BV, LR 
and GL have moved away from the 1984 version. 

The case of Lloyd’s Register is very significant. The 
first version of LR’s comfort class notation is dated 1999 
when it was issued as a provisional rule and was based 
on the narrow-band approach.  
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Then, in 2003 it was reviewed to make reference to 
the latest version of the international standards for con-
sidering the broadband approach to vibration phenomena. 
Finally, in 2006 the Rule was updated [12] again and has 
been reissued with an important modification. It allows 
indeed for both the approaches, featuring two sets of vi-
bration acceptance levels, corresponding to the old and 
the new ISO standard. 

The latest version considers that many shipyards and 
shipowners still have a preference for the old ISO stan-
dard.  

The compromise of LR about the approach on com-
fort issues implies that the remarks moved by shipyards 
to the 2000 version ISO Rule may be considered valid. In 
effect, LR agrees upon the necessity of clearer and more 
easily applicable standards for defining the comfort crite-
ria [13]. 

Concerning the noise, the indications of comfort 
classes are more complex, because the Societies define 
limits on both stationary noise and transient noise (and  
limit values are widely accepted).  

In the comfort class rules it is considered as primary 
source of disturbance in the cabins the stationary air 
noise caused by the machinery (i.e., propulsion plant, 
ventilation and air conditioning systems) and the limits to 
be complied with to obtain the comfort class notation 
may be very demanding. 

The comfort of a cabin is however measured also on 
the basis of the noise produced by human activity in the 
spaces contiguous to the cabin itself. In other words, an 
“acoustic privacy” concept is considered as an additional 
noise criterion reflecting both sound insulation and im-
pact sound insulation of cabins to adjacent spaces [6,14]. 

To quantify this aspect concerning the habitability of 
a cabin in connection with non-stationary noise, the two 
types of insulation aptitudes are correlated to proper pa-
rameters (the sound insulation index and the impact 
sound insulation index) measured by additional standard-
ized procedures. 
 
3.  ANALYSIS OF SHIPBOARD MEASUREMENTS  
 
To clarify and prove the comments expressed about the 
applicability of the new ISO Rule, in what follows some 
measurements acquired on three recent passenger ships 
built by Fincantieri are shown and discussed, comparing 
assessment results obtained through both the old and new 
ISO criterion. 

The measurements have been made, in accordance 
with the standard practice, during the endurance test, i.e. 
at 100% of the maximum continuous rating (MCR) in a 
moderate sea state, that is in stationary conditions of the 
sources of vibrations (i.e., machinery) as well as of ship 
motions (i.e., waves and wind).  

Measurements have been made in all three direc-
tions. The most severe vibrations have been obtained in 
each surveyed location along the vertical direction. 

Computations of the time records have been made by 
making use of both the narrow-band approach and the 
broadband approach, by referring to the procedures de-

fined in the old ISO 6954 Rule and in its new version re-
spectively.  

From each measurement the following reference val-
ues have been obtained:  
− the repetitive velocity peak V0-Peak [mm/s] defined as 

the maximum repetitive peak value of the vibration ve-
locity spectrum in the frequency range from about 3 
Hz to 80 Hz;  

− the weighted r.m.s. acceleration aw [mm/s2], i.e. the 
overall frequency-weighted r.m.s. value, as defined in 
the previous Eq. 1. 

With the purpose of checking the reliability of the 
ISO 6954 broadband approach, the results of the two pro-
cedures have been compared in terms of check ratio c, 
defined as the ratio between the reference value (as de-
fined above) and the limit value as stated in the Rule. 
However, a check ratio equal to one means that a limit 
habitability condition (in relation to vibrations) has been 
reached in the location where time record has been taken. 

Since the measurements of the vibration signatures 
have been carried out in cabins and public areas of the 
passengers accommodation decks, it has been considered 
appropriate to refer to the most severe rule limits for as-
sessing the comfort.  

Check ratios referring to the two approaches have 
been defined by making use of the rules values “below 
which adverse comments are not probable”: 
− for applying the ISO 6954:1984 criterion, vibration 

level limit has been expressed by the value of the vi-
bration velocity in the range of medium and high fre-
quencies (i.e., in the range of 5÷80 Hz): 

6954:1984
4 mm/sVw,H ISO

=  

− for applying the ISO 6954:2000 approach, vibration 
level limit has been expressed by the overall limit 
value given for A-type classification areas (see Tab. 1), 
as explicitly recommended by the Rule for passengers 
accommodation decks: 

2
6954:2000

71.5 mm/sw,H ISO
a =   

It is worth pointing out that in applying the narrow-
band approach, a crest factor equal to one has been 
adopted. This may be ascribed to the confidence acquired 
by the authors on the effectiveness of such approach in 
evaluating the level of the real comfort perceived by 
people on board ships. Therefore, the check ratios rele-
vant to the two approaches come out to be: 

6954:1984

6954:2000

4

71.5

V0-Peak
ISO 1984

w
ISO 2000

c c

ac c

= =

= =
  

where subscripts obviously refer to the year of issuing of 
the Rule defining each assessment approach.  

Measurements carried out on the different ships were 
about some hundreds. For all the surveyed locations, sat-
isfactory results have been obtained by applying the nar-
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row-band approach together with the limit value recom-
mended in the 1984 version of the Rule.  

In other words  c1984  is not greater than one for all 
cases (more precisely, only in two locations an excess of 
1% over the limit has been found). 

On the other hand, only for a small number of vibra-
tion signatures computations made in accordance with 
the procedure proposed by the 2000 version of the Rule 
have given a negative result for the assessment of the 
habitability. The cases for which a disagreement between 
the two approaches has been found are here reported and 
discussed. The dots in the graph of Fig. 1 are relevant to 
such disagreement cases. 

The following considerations can be drawn from the 
comparison of the results obtained by the application of 
the two standards: 
− the majority of the results proved the agreement be-

tween the two Rules − the data here mentioned are 

characterized by check ratios both less than one and 
are not reported in the graph; 

− in a small number of cases the 2000 version Rule ap-
pears more compelling or, in other words, one of the 
two approaches fails in evaluating the habitability.  

The foregoing comparative analysis allows to affirm 
that the ISO 6954:2000 Rule, supplying indications that 
diverge from those of the old rule, does not offer the 
same requirements of reliability. In fact, it is of common 
experience that the latter can be considered fully satisfac-
tory since it is extremely effective in emphasizing critical 
areas.  

The new layout may risk to interpret as critical vibra-
tion levels not noticeable by the passenger on board. This 
is the case of the examples illustrated, where probably 
only peaks of minimum amplitude are present but dis-
tributed on the whole band. 

The reason of the disagreement between the two ap-
proaches can be explained by analysing the following 
vibration velocity spectra relevant to two of the meas-
urements above mentioned. 

Fig. 2 and 3 show two vibration velocity spectra 
(case A and B) which give evidence to a comfort of good 
quality, if interpreted with the narrow-band approach.  

Different is the conclusion that can be reached if 
such measurements are treated in accordance with the 
new criterion: 
− for both cases (case A and B) this result may be ex-

plained considering the high energy content at medium 
and high frequencies (between 20 Hz and 65 Hz), that 
can be associated to the propeller cavitation. In fact, 
when propeller cavitation is not fully developed, the 
broadband approach gives satisfactory results even if 
high peak values are present. 

− for the case A, the negative result obtained by applying 
the broadband approach may be also due to a high 
peak at very low frequency, that can be associated to 
the ship motions.  

By author experience, in both cases (case A and B) 
the new ISO approach overestimates the vibration effects 
on the real comfort. 
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Fig. 1:  Comparison of shipboard measurements 
     analysed to the ISO 1984 and 2000 Rule. 
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Fig. 2:  A typical spectra of vertical vibrations. 
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Fig. 3:  A typical spectra of vertical vibrations. 
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4. CONCLUSIONS 
 
The new ISO Rule fails in assessing the habitability con-
ditions in the accommodation decks of cruise ships. In-
deed, it emphasizes vibration components which, even if 
certainly perceived by passengers, are not so relevant in 
establishing discomfort situations, thus overestimating 
their effects. 

The review of the ISO 6954:2000 Rule toward a nar-
row-band assessment procedure is advisable, possibly 
with new limits. Such an approach is indeed of proven 
effectiveness, it allows also to make design predictions 
and to exploit the experience acquired by the shipyards to 
full advantage of the real comfort. In this direction 
should move the ISO group working to create the new 
ISO 20283 standard. 

It is also clear that a better understanding of the 
mechanism which governs the comfort perception is nec-
essary for defining more reliable assessment standards. 

Moreover, in order for the rule to be of practical use 
it is imperative that it identifies a procedure characterized 
by a series of prerequisites, that are easily identification 
of the exciting sources and repeatability and reliability of 
measurements. 

Otherwise, all the unpleasant technical and economi-
cal consequences concerning the use of the 2000 version 
ISO Rule will continue to discourage both designers and 
shipowners from any kind of progress and improvement. 
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