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RESEARCH ARTICLE

Evaluation of the Human Discomfort Caused by
Ship Vibrations

Laurentiu Picu, Eugen Rusu*

“Dunarea de Jos” University, Galati, Romania

Abstract

The present work analyzes the subjective responses of people exposed to transient vibrations caused by systems with
a single degree of freedom. In this context, the main objective of the research was to identify the main effect of vibrations
on people's well-being at work (in particular on vessels crew) and to discover those frequencies that lead to the greatest
discomfort. In order to achieve this goal, 12 laboratory experiments were carried out involving ten male subjects in good
health, aged between 28 and 42. The variables of the vibratory system considered are: acceleration (4.8 + 8.6 m/s™?),
amplitude (1 + 3.7 mm), frequency (4 + 10 Hz) and exposure time (10 and 30 min). At the end of the experiments, it was
found that half of the subjects abandoned the experiment in case number 3 from Table 2 (for a = 7.6 m/s~% f = 7.8 Hz
and exposure time = 10 min). The responses of the participants in the experiment were analyzed by means of two
different methods: the Likert scale and the Semmes-Weinstein monofilament method. As a result, it was found that, as
the vibration parameters rise, the subjects' discomfort increases. Interestingly, this growth does not appear to be a linear
one, but a "power" type one. It was also found that there were no significant differences between the subjects' responses,
although naturally, every person reacts in his own way to different stressors.

Keywords: Stressors, Transient vibrations, Discomfort, Likert scale, Semmes-Weinstein method

1. Introduction board should take priority, since such discomfort

can induce serious health problems [1].

“A ship that is floating on water will always have a
motion, even if the engine is stopped. The reasons
for this are: ocean currents, wind, tide, etc. When
the ship is moving through water under propulsion
various motions can be observed. Mainly rolling &
pitching can be felt by the personnel onboard” [2]

N avigation has been a means of travelling and
obtaining food even from ancient times.
Archaeological discoveries showed that humans
used this form of transport as early as 40,000 to
45,000 years ago. The transport of goods plays

today an extremely important part in the econ-
omy. Water transportation includes a wide range
of ships, from small boats on rivers up to marine
cargoes that can carry hundreds of thousands of
tons of freight. In this context, the health condi-
tion of the operating ship crew is of crucial
importance. Consequently, identifying accurately
the factors responsible for human discomfort on

(Fig. 1).

There are six kinds of ship motions: ,,1. Rolling: is
the rotary movement of the ship around the X-axis.
2. Surging: is the linear movement of the ship along
the X-axis. 3. Pitching: is the rotary movement of the
ship around the Y-axis. 4. Swaying: is the linear
movement of the ship along the Y-axis. 5. Yawing; is
the rotary movement around the Z-axis. 6. Heaving;:
is the linear movement of the ship t along the Z-
axis.” [3].
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Fig. 1. Vessel motions in 6 degrees of freedom [2].

Obviously, all these types of movements have a
negative impact on the physical and mental capac-
ities of the people on board. In addition to physio-
logical problems (increased cardiac and respiratory
rhythm, high blood pressure, vasoconstriction,
endocrine secretions, impaired central nervous
system, and circadian rhythm), there are issues
affecting comfort and performance (pain, nausea,
vision problems, posture, movement and coordina-
tion decline, and perceptions altered) [4] (see Fig. 2).

The circadian rhythm influences a person's
normal biological behaviors. Circadian Rhythm
Sleep Disorders (CRSDs) occur when external fac-
tors disturb the natural rhythm of sleep [6]. There

Headache (13-20Hz)

Speech disturbance (13-20Hz)
Jaw resonance (6-8Hz)

Pharynx disturbance (12-15Hz)

Respiration complaints (4-8Hz)

Chest pain (5-7Hz)

Back pain (8-12Hz)

Abdominal pain (4-10Hz)

Constant urge to urinate
and defecate (10-18Hz)

Increased muscle
tension (13-20Hz)

GENERAL DISCOMFORT (4-9Hz)

Fig. 2. Complaints in various organ regions in relation to vibration
frequencies [5].

are several types of CRSDs. Of interest in this
instance, are those related to shift-work and jet-lag,
both caused by an "inability to adapt to a forced or
voluntary change in sleep" [6].

Changing sleep patterns due to work re-
quirements is increasingly common. Thus, there are
people who work a 24-h shift. When these people lie
down, they describe sleep as "irreparable or unsat-
isfactory" [7].

In cases where the working staff in question is
made up of seafarers, circadian rhythm disorders
are a frequent occurrence. This is directly correlated
with the blood pressure values. Blood pressure is
one of the most important cardiovascular risk fac-
tors, responsible for 13% of the known causes of
death worldwide.

Normal blood pressure should be between 90 and
120 for systolic pressure and between 60 and 80 for
diastolic pressure. Blood pressure fluctuates
throughout the day, depending on the effort sus-
tained and has a daily pattern or patterns. It begins
to increase a few hours before we wake up and
continues to rise during the day [8].

High blood pressure has various causes: unbal-
anced diet, alcohol consumption, smoking, exposure
to stress, alternating shift work, etc., all of which are
part of the seafarers' lifestyle. Added to these factors
is living and working in an environment where
there is vibration [9].

Also, another important factor is marching time. If
for river ships this time is of the order of 0.5 + 2
months, the seagoing personnel may sail on the
ships for up to 6 months or even more.

Therefore, human discomfort induced by expo-
sure to transient ship vibrations from the single
degree of freedom systems becomes a subject which
worth to be examined.

2. Materials and methods

The study involved 10 sailors staying on a plate
mounted on a vibratory system (Fig. 3). This was a
preliminary study conducted on a limited number
of individuals, which means that it was only a case
study. While it is true that we cannot generalize
from the results presented herewith, we still can
draw several significant conclusions. Furthermore,
river ships, like the one targeted in this paper,
generally have a small number of crew members.
That is why it would be difficult to perform studies
on a larger number of sailors operating on the same
boat. On the other hand, each boat has some
particular characteristics, as well as its navigation
route. From this perspective, each particular case
can be considered fairly relevant, as it describes a



JOURNAL OF MARINE SCIENCE AND TECHNOLOGY 2021;29:63—72 65

Fig. 3. Subject on the vibratory system with accelerometers layout.

real-life situation. Furthermore, similar studies that
complement this one have also been performed, see
for example the results of some other works carried
out by the authors of this article [10—12]. For the
purpose of this study, only two oscillatory move-
ments (roll and pitch) to which navigators are sub-
jected during navigation were simulated. The
reason why we chose these movements was because
of the vibrating system limitations.

“Transient vibration is defined as a temporarily
sustained vibration of a mechanical system. It may
consist of forced or free vibrations, or both” [13].

Table 1. The anthropometric data of test subjects.

Table 2. Experimental parameters.

Case Exp A (mm) a (m/s2) f (Hz) t (min)
1 1 1 4.3 4 30
2 4.8 6.5 30
3 5.2 7.8 30
2 4 1.6 6.4 6.5 30
5 6.8 7.8 10
6 6.9 10 10
3 7 3.3 7.2 6.5 10
8 7.6 7.8 10
9 8.1 10 10
4 10 3.7 8.5 6.5 10
11 8.6 7.8 10
12 8.8 10 10

Ten male subjects took part in this experiment.
They were aged between 28 and 42, and were all in
good health (Table 1). The participants were
informed of what the experiment consists of, but
they were also told that they could leave the
experiment without giving any explanation. The
subjects unanimously agreed to participate in the
experiments.

All subjects have work experience (5—22 years); 4
of them smoke; 4 of them drink more than 200 mL of
alcohol/day. In addition, 4 of them have cardiovas-
cular diseases in the family and many of them have
family problems.

The responses of the subjects were analyzed for
the cases where the vibratory system transmits
amplitudes: 1 mm; 1.6 mm; 3.3 mm and 3.7 mm at
frequencies of 4 Hz, 6.5 Hz, 7.8 Hz, and 10 Hz. These
amplitudes were selected, in relation to the previous
measurements made directly on the ship and
showing similarity to real cases. As for the fre-
quencies, they were chosen because most human
organs have natural frequencies within this range:
€ (4 + 10) Hz. Both amplitudes and frequencies
were modified using a vibration generator.

The experimental parameters considered are
shown in Table 2.

Subject Age (years) Weight (kg) Height (m) Smoker Drinker® Work experience Cardiovascular diseases Family
(years) in the family problems
S1 35 90 1,79 - 15 - X
S2 37 81 1,80 - 17 - X
S3 38 95 1,82 X 16 X X
S4 31 92 1,75 - 12 X -
S5 29 100 1,98 X 5 - X
S6 40 70 1,65 X 22 X X
S7 42 80 1,82 - 19 - -
S8 28 95 1,74 - 9 X -
S9 29 85 1,81 - 10 - X
S 10 39 106 1,88 X 21 - -

? More than 200 mL of alcohol/day, not on board of the ship.
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Table 3. Symptoms caused by exposure to various frequency ranges
from 1 + 20 Hz.

Table 5. Definitions of hypertension grade and classification of blood
pressure [17].

Symptoms Frequency (Hz)
General discomfort 4-9
Headaches 13—20

Jaw resonance 6—8

Speech disturbance 13—-20
Respiration complaints 12-16

Chest pain 5-7

Abdominal pain 4-10
Urinary problems 1018
Increased muscle tension 13—20
Heaviness of movement 4—-8
Muscle contraction 4-9

These values were chosen to replicate the ship's
movements as realistically as possible (Table 3). It is
also known that low values of oscillation frequencies
are the most harmful to the human body. ISO 2631
compiles these data into a set of vibration criteria
curves for longitudinal and transverse vibrations in
the frequency range 1 + 80 Hz.

The accelerations transmitted to the crew were
measured with Piezotronics 356A16 PCB triaxial
accelerometers placed on the lumbar and cervical
regions and on the forehead, respectively (Fig. 3),
connected to the 01 dB-Metravib NetdB12 acquisi-
tion unit, as well as a triaxial accelerometer installed
inside a SEAT-PAD, placed under the foot and
connected to a Maestro vibrometer. The results
were processed with the dBFA software. The expo-
sure times were 10 min and 30 min, respectively.

The experiments were consecutive. All the sub-
jects gave their written agreement to participate in
this experiment. At the same time, the subjects were
informed that they could leave the experiment
whenever they felt they were unable to continue.

After exposure, the subjects were asked to com-
plete the degree of discomfort [14] on the Likert
scale (Table 4) and then were tested with ,the
Semmes-Weinstein monofilament method: a
monofilament nylon wire exerts a 10 g force when
pushed against the skin for 1 s. Patients who cannot
feel this pressure on the surface of their legs are
considered to have lost their tactile perception. The
tests were repeated three times” [16].

Table 4. Likert scale [15].

Degree of discomfort

Very high 4-+5
High 3+4
Slightly 2+3
Low 1+2
None 0+1

Category Systolic Diastolic
(mmHg) (mmHg)
Optimal <120 and <80
Normal 120-129  and/or 8084
High normal 130—139  and/or  85—89
Grade 1 hypertension 140—-159  and/or  90—99
Grade 2 hypertension 160—-179  and/or  100—109
Grade 3 hypertension >180 and/or  >110
Isolated systolic hypertension <140 and <90

In addition, in order to study how vibrations in-
fluence the physiological state of the subjects, blood
pressure (systolic and diastolic) was measured for
each subject immediately after the experiment
(whether abandoned or completed). Blood pressure
varies depending on several parameters: age, sex,
BM]I, lifestyle, medical history, etc. Normally, these
values should be within the following ranges (Table
5):

The blood pressure was measured using a wrist
blood pressure monitor (Fig. 4).

3. Results

In the first part of the study, 4 cases of experi-
ments were performed; subjects were exposed to 12
types of vibration with different accelerations (a),
amplitudes (A), frequencies (v) and exposure time
(t) (Fig. 5+8). It can be seen that the parameters of
the vibrating system were chosen in such a way that
when the exposure time is long, the amplitude and
frequency are low (Figs. 5 and 6) and when the
exposure time is short, the amplitude and frequency
are high (Figs. 7 and 8). Furthermore, these pa-
rameters have been chosen so as not to put exces-
sive strain on the subjects.

Fig. 4. Wrist blood pressure monitor.
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Fig. 5. Averaged acceleration at the forehead level for Case 1
(A=1mm): S1 =Exp1(///), S2=Exp 2 (@, S3 = Exp 3 ().

Thus, at the forehead level, for A = 1 mm, the
accelerations are in the range 4.3 + 5.2 m/s 2, for
A = 1.6 mm, in the range 6.4 + 6.9 m/s % for
A = 3.3 mm, in the range 7.2 + 8.1 m/s ? and for

= 3.6 mm, the accelerations are in the range
85+ 88m/s >

The bar charts presented above show that the
exposure time does not significantly influence the
magnitude of the accelerations transmitted through
the body of the subjects. The data confirm once
again that the accelerations depend on frequency
and amplitude, so while for A = 1 mm and
f = 4 + 7.8 Hz, the acceleration does not vary so
much, for A > 3 mm and f > 6 Hz, the accelerations
are higher than 7 m/s™?, which is extremely
burdensome for the human body.

Accelerometers installed under the foot and
placed on the lumbar, cervical and forehead
measured the accelerations transmitted to the
human body. Not surprisingly, it was observed in
each case that the further the body region is from
the source of vibrations, the smaller acceleration
level is registered. This is clearly due to the gradual

N B
o | BE
|
777777777777777777 jc// 20 §

’ﬁ 15 g
A 110
B
e
Sl t
a .
E (min)
4Xé) (m/s2) (Hz)

Fig. 6. Averaged acceleration at the forehead level for Case 2.
(A =16mm): S1 =Exp4(///), S2=Exp5 (n), S3=Exp 6 (M)

attenuation of vibrations through the human body
(Fig. 9).

Fig. 9 illustrates that the attenuation of the accel-
erations through the human body is quite high for
this frequency band. This attenuation is a "power"
function:

Casel:a = f<H°2654) (1)

Case2:a = ( 0560 ) (2)

Case3:a = (HO 3525> (3)
1

Case4:a = f e 4)

where a is the average value of accelerations and IT
is the place where the accelerometer was fastened.
From Egs. (1)—(4) it can be observed that for cases 1
and 2, the attenuation is higher (the exponent is
0.26) than in cases 3 and 4 (where the exponent is
0.35). This proves that an attenuation of the accel-
eration through the human body was achieved
depending not only on the frequency, but also on
the specific area where the measurement was made.
Even though the number of subjects considered is
small, these findings can be a starting point for
future research.

4. Discussions

The discomfort of the subjects who participated in
these experiments was studied in the second part of
the study:

a) the subjects answered the Likert test (Table 6):

( 30
—25
—20

O
saneA

Fig. 7. Averaged acceleration at the forehead level for Case 3.
(A=33mm): S1=Exp7(/l/), S2=Exp 8 (), S3 =Exp 9 (R).
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Fig. 8. Averaged acceleration at the forehead level for Case 4.
(A =3.7 mm): S1 = Exp 10 (///), S2 = Exp 11 (@), S3 = Exp 12 (W).

Table 6 shows different responses to this type of
stressor, although all subjects are in good health
conditions. Considering Body Mass Index (BMI)
categories: BMI under 18.5 means underweight,
normal weight for BMI = 18.5 + 24.9, overweight if
BMI = 25 + 29.9 and obesity for BMI over 30, this
group of subjects have 3 obese and 5 overweight.

- Of the 10 subjects, only 2 did not drop out,
participating in the experiment until the end:
subjects 2 and 7. They are 37 and 42 years old,
respectively, and have a BMI of 24.69, and BMI
of 24.15, respectively, (both normal weight) and
stated they do not drink, nor smoke, have long
work experience and did not have cardiovascu-
lar diseases registered in their families.

The first to quit the experiment was subject no.
5. Furthermore, of the 12 sets of determinations,
he managed to withstand only 7. At the fre-
quency of 7.8 Hz and acceleration of 7.6 m/s~* he
desisted. This subject is 29 years old, has a BMI
of 25.51, so he is overweight, he smokes and does
not have wide work experience.

Table 6. Likert test responses for each subject.

Cases

Fig. 9. Transmitted average accelerations measured at each level. (=) -
Under the foot; (B) - Lumbar; (©) — Cervical; (///) — Forehead.

- Subject no. 9 was the second to give up. Of the 12

sets of determinations, he managed to withstand
only 8. At the frequency of 10 Hz and accelera-
tion of 7.6 m/s 2 he desisted. This subject is 29
years old, has a BMI 25.95, so he is overweight,
does not have long work experience, does not
smoke, but drinks more than 200 mL of alcohol/
day (not on board of the ship).

- The third who gave up the experiment was

subject no. 8. Of the 12 sets of determinations, he
managed to withstand only 9. He gave up the
last set. This subject is 28 years, has a BMI of
31.38 (moderate grade I obesity), does not have
long work experience, does not smoke, does not
drink but has cardiovascular diseases in the
family.

Case A F T Likert test response*/Subject

(mm) — (Hz)  (min) 2 3 4 5 6 7 8 9 10
1 1 4 30 1 1 1 1 1 1 1 1 1 1
2 6.5 30 2,2 1 2,5 2,3 2,8 1,7 1 1,8 1,6 2,2
3 7.8 30 2,8 1,5 3,2 3,1 34 2,4 1,6 24 2,6 2,7
4 1.6 6.5 30 3,4 2,2 3,5 3,7 4 33 2,4 2,8 3,4 3,4
5 7.8 10 3,7 2,8 3,7 3,8 4,5 3,5 3 3,4 3,8 3,8
6 10 10 4 3,4 3,8 4 5 3,8 3,5 4 4,5 4
7 33 6.5 10 4,5 4 4,2 4,6 5 4,1 4 44 4,7 4,3
8 7.8 10 4,8 4,2 4,5 4,8 4,6 4,4 4,8 5 4,7
9 10 10 5 43 4,8 5 4,8 4,4 5 5
10 3.7 6.5 10 5 4,5 5 5 5 4,5 5
11 7.8 10 4,8 5 5 4,5
12 10 10 4,8 5
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Fig. 10. Semmes-Weinstein monofilament.

- Next, subjects no. 1 (BMI = 28.09 - overweight,
non-drinker, non-smoker), no. 3 (BMI = 28.68 -
overweight, drinker, smoker), no. 5 (BMI = 25.71
- overweight, drinker, smoker) and no. 10
(BMI = 29.99 - overweight, non-drinker, non-
smoker), gave up one after the other.

Discomfort = 0.0072x> — 0.1396x> + 1.2681x — 0.1357
with R* = 0.9996 )
where x = number of experiments performed.

b) The subjects were then tested with the Semmes-
Weinstein monofilament method.

The assessor sensors are portable; they have a
standard deviation of 5% for each force and for each
case. These sensors have a filament that bends when
the maximum force threshold is reached (Fig. 10).

For the experiments there were used the heaviest
filaments the subjects could sense before starting
the tests. The test was repeated three times by
applying monofilaments to all fingertips (subjects
felt a maximum of 3 x 10 fingers = 30 taps).

The results confirm what these people stated
when asked to answer the Likert test. It has been
noticed that the fingers of the subjects become
increasing numb as the vibration parameters rise. In

the last part of the experiments, the subjects could
no longer respond to the test (Fig. 11).

Fig. 11 shows the number of taps felt per subject
for each experimental case (Table 6). As can be seen,
only 2 subjects completed all the sets of experiments
(S2 and S7); the rest gave up - most of them at Case
no. 4 (a = 8.6 m/s2). This is clearly noticeable from
the large number of marks on the graphic at the
beginning of the experiments and the extremely
small number at the end of them.

For this reason, only 2 curves that best fit the
experimental results were represented graphically:

For subject S2(—): N = —10.626-In(C) + 36.782 with
R? = 0.8073 (6)

For subject S7(—): N = —12.03-In(C) + 37.471 with
R? = 0.8274 (7)
where N is the number of taps felt and C is the case
number.

It was found that this decrease in the acceleration
value (a) depends, as a power function, on the dis-
tance (x) between the body area where the acceler-
ometers are placed and the vibrating system. This
function is:

a=k.x1 (8)
where k and q are constants that depend on the
vibration parameters. For example, in the cases

30

o]

27 4
24
21
¢ S1
3184 | ms2
g A S3
5157 | x s4
e
}é X S5
£ 127 | @ s6
Z
ol |+ 87 *
O S8 & +
6| |00 X X
o S10 m] ° g +
34 |=—Log (S2) e} 4
O [ ]
— Log. (S7) ol
0 ; ; ‘ :
0 1 2 3 4 5 6 7 8 9 10 11 12

Experiment

Fig. 11. Number of taps felt by each subject for each experiment.
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Fig. 12. Number of subjects who finished the experiments.

studied in this paper, the values for q are 0.26 for
cases 1 & 2, and for cases 3 & 4: 0.35. In other words
at low frequencies, the attenuation is higher than at
high frequencies for this frequency band. It can be
also seen that the amplitude A has no bearing on the
magnitude of accelerations transmitted through the
human body.

By analyzing the number of taps felt for subject 2
and for subject 7 (the only ones who completed all
the experiments), the following logarithmic depen-
dence was found:

N=a:In(C) +b )
where a and b are constants that depend on the
vibration parameters.

It was clearly seen that, because of the increase of
the values of these parameters, the subjects had

4 e

Discomfort .
W

1< T T T T

1 2 3 4 5 6 7
Experiment number

Fig. 13. Average Likert response.

Table 7. Blood pressure values by age.

Age Minim Normal Maxim
25—29 109/76 121/80 133/84
3034 110/77 122/81 134/85
35—39 111/78 123/82 135/86
40—44 112/79 125/83 137187

their fingers numbed and were unable to feel the
monofilament.

Thus, we determined how vibrations are attenu-
ated through the human body for certain parame-
ters of the vibratory system (acceleration, frequency,
amplitude and exposure time).

The second part of the paper analyzed the
discomfort caused by these vibrations to the 10
subjects. Of these, only 2 completed the entire set of
12 experiments (Fig. 12).

It was found that there are 2 factors that most
influence the resistance to this type of stressor: work
experience and BMI. This does not mean that
smoking and drinking are irrelevant, but their
impact is negative, weakening the resistance.

After calculating an average only for the first 7
experiments (that involved all the subjects), it was
found that the discomfort they declared is placed on
a third-grade polynomial (Eq. (5)), its value
increasing with the increase of vibration parameters
values (Fig. 13).

Regarding the results obtained by the individuals
subjected to the Semmes-Weinstein test, these
already confirm the validity of the Likert evaluation
responses.

After the vibration measurements and the psy-
chological and sensorial tests, in the third part of the
paper, the blood pressure (systolic and diastolic)

10
g EEEEErrrrrrErrIEs
8
7 %
6
@5
24
)
3
2
1
0 50 100 150 200
Blood pressure (systolic)

Fig. 14. Average blood pressure (systolic) variation for each subject ((J)
— Normal; (B) — rehypertension, (//) - Hypertension stage 1; () —
Hypertension stage 2.
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Fig. 15. Average blood pressure (diastolic) variation for each subject ((J)
— Normal; (B) — Prehypertension, (//) - Hypertension stage 1; (l) —
Hypertension stage 2.

was measured. Its abnormal values, not only cause
discomfort, but can become also very dangerous.

For the subjects aged between of 28 and 42, the
blood pressure must be within the limits indicated
in Table 7:

Figs. 14 and 15 illustrate that overweight subjects,
smokers, and those who drink more than 200 mL of
alcohol/day have high blood pressure, falling under
Stages 1 and 2 of hypertension. However, none of
them experienced a fit of hypertension. All these
subjects were also those who failed to complete the
vibration tests, and the results from Semmes-
Weinstein and Likert tests were worse than those of
the rest.

5. Conclusions

From these determinations, it can be concluded
that, in addition to all the problems inherent in such
a profession, the vibrations transmitted by the
working equipment are an extremely important
factor. Thus, of the 10 people subjected to different
accelerations and exposure times, only 2 were able
to complete the experiments; subject no. 5 gave up
on experiment no. 8 (a = 7.6 m/s 2, f = 7.8 Hz and
exposure time 10 min). Subject no. 9 gave up on
experiment no. 9 (a = 8.1 m/s % f = 10 Hz and
10 min exposure time). Subject no. 8 gave up on
experiment no. 10 (a = 85 m/s 2, f = 6.5 Hz and
10 min exposure time). Then, one by one, the other
five subjects gave up. This demonstrates that vi-
bration acceleration is in the root cause of the
discomfort experienced by the sailing crew.

In addition to the fact that Semmes-Weinstein and
Likert tests confirm this, an extremely important
factor for the physical and psychological health of
the sailors is the value of the blood pressure. In
sailors’ case, it is normal for blood pressure during
exercise to increase while they are active, but it
should return to normal values after the working
hours. Normally, the blood pressure is lower during
sleep, if the sleeping periods are regular, according
to a normal circadian rhythm. Of the 10 subjects,
only 4 had normal blood pressure, the rest had
prehypertension (2 subjects), hypertension stage 1 (2
subjects), and hypertension stage 2 (2 subjects).

In this paper, we were able to demonstrate by 3
methods: two subjective (the Likert scale and the
Semmes-Weinstein monofilament testing) and one
objective (blood pressure measurement), that the
vibrations transmitted to humans induce a state of
discomfort proportional to the parameters of the
vibrating system, but also to the subjects’ charac-
teristics (Table 1), so implicitly, such vibrations can
lead to work accidents.

Measured results show that it is imperative to
reduce workload and stress in order to prevent
certain tragedies.
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