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Abstract. In contemporary life the mechanization of industrial and agricultural production, increasing traffic flows in
towns and settlements, and modernization of household technologies result in the expansion of vibration and noise areas.
This is in particular experienced by the industrial enterprise staff, vehicle drivers, passengers and others. Vibration affects
the nervous system, blood circulation, tissues and does other kinds of harm to human health. The impact on humans de-
pends on a distance to a vibration source, material whereby vibration spreads, and the duration and velocity of vibration.
The spread of vibration together with noise significantly increases the impact of vibration.

Noise and vibration problems are encountered in seaport discharge terminals as well. The investigation of vibration in the
bulk fertilizer terminal of Klaipéda Stevedoring Company as well as obtained findings were compared to permissible val-
ues specified in the Lithuanian Hygiene Norms. The investigation showed the highest vibration acceleration levels inside
the terminal, where they varied from 0,4 to 3,2 m/sz, and outdoors, by the fertilizer discharge terminal, on the paving,
where they varied from 0,0005 to 0,0042 m/s (at 1-16 Hz frequency).

Keywords: vibration, vibration acceleration, vibration equipment, discharge terminal, vibration levels.

1. Introduction

Body vibration is very intensive in macine building,
technological processes, construction and other fields.
Attempts are made to avoid the harm of vibration and a
resonance effect in equipment being developed as well as
buildings and constructions when vibration is employed
to carry out various technological processes, develop and
operate new vibratory machines etc [1].

Harmful vibration often causes direct danger to im-
portant installations, machinery and parts thereof, for
instance, various mechanical drives, turbines, planes,
bridges and other constructions and machinery Vibration
can even cause accidents of equipment. Components of
moving connections also show quicker wear because of
vibration.

By his touch man feels bodies vibrating at up to
8000 Hz frequency; however, in fact vibration in the
range of 20-200 Hz is encountered.

Vibration affects all the areas of human skin recep-
tors. Human body parts are most sensitive to vibration at
different frequencies of vibration: the head — at around
25 Hz, the thorax — at 60 Hz, abdominal organs — from 4
to 8 Hz [2].

Harmful effect of mechanical vibration influences
man’s functional and physiological condition. Investiga-

tions show that vibration causes general fatigue and
weakness, does harm to the human nervous system and
arouses muscular atrophy. Those who are regularly ex-
posed to vibration catch vibration illness. The most dan-
gerous is the vibration of 6-9 Hz because it coincides
with certain specific frequencies of human internal organs
and may mechanically damage them [3].

Vibration can also spread via the soil. In this case, to
absorb vibration, special structures are used or such dis-
tances between the focus and an object under study are
maintained as not to exceed an allowable vibration level.

Vibration occurs as a result of non-balanced parts of
a certain system when rotating movements or recurrent
shocks are present [4, 5].

To speed up the process of unloading bulk mineral
fertilizers from railway cars as well as under difficult
product discharge conditions (e g in case fertilizers are
packed or stuck to a wall in a car) pneumatic vibratory
discharge equipment Junets is used at Klaipéda Stevedor-
ing Company. Two dischargers of this type are used for
one railway car. They transfer the vibration energy of
high-frequency pneumatic shock onto a car body, in this
way ensuring a better powdery condition of the products
discharged.

The whole transhipment process is mechanized and
automated (Fig 1).
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Fig 2. Vibration measuring points in bulk fertilizer discharge terminal: a — general view of measuring
point allocation; b — layout scheme of vibration measuring points near bulk fertilizer discharge terminal:
1 — on body of vibratory equipment Junets; 2 — near vibratory equipment Junets, on pavement; 3 — on car
wall; 4 — inside terminal, on building wall; 5 — outdoors, on exterior building wall; 6 — outdoors on pave-
ment (at 2 m distance from building); 7 — outdoors on pavement (at 20 m distance from building)
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By impacting car walls, vibratory equipment causes
impulsive noise and shock vibration. At the time of shock,
a part of its energy transforms into vibro-acoustic en-
ergy [6].

Intensive sound and air as well as soil vibration caused
by its waves are harmful to buildings, flora and fauna and,
what is the most important, to man himself [7, 8].

The core aim of this investigation is to estimate vibra-
tion in the bulk fertilizer terminal and compare received
findings with permissible vibration acceleration values
specified by the Lithuanian Hygiene Norms.

2. Investigation methods

The velocity and acceleration of vibration and their
levels are measured by using vibration metering systems
which consist of a sensor, an amplifier, filters and an indi-
cator. The frequency range cannot be smaller than 1-
100 Hz.

Noise and vibration meters VSV-003-M2 and
Bruel&Kjaer mediator 2260 are used to measure vibration.
A relative measuring error of VSV-003-M2 device is
+2,5 %, and it records vibration from 1 Hz to 18 kHz.
This device can measure the values and levels of vibration
velocity and acceleration. A relative measuring error of
Bruel&Kjaer mediator 2260 is £ 1,5 %.

The character of vibration is determined prior to mak-
ing measurements. To set the characteristic of vibration
time, the dynamics parameter switch of the device is set at
an indication “slowly”, and the change of the parameter
being recorded has to be observed for not shorter period
than 1 minute.

The sensor of vibration measuring is fastened with a
magnet. When measurements are made on sites with a hard
pavement, the sensor is fastened directly on hard surfaces.

Upon having selected measuring points, vibration is
recorded at three points allocated at a 1,5 m distance from
one other in the places of the highest vibration.

Vibration measuring points are shown in Fig 2.

Places selected for the measurements of vibration ac-
celeration level are allocated inside the bulk fertilizer dis-
charge terminal and around it.

Measurement results of vibration acceleration level

The measuring system is calibrated before and after
vibration measurements according to corresponding
instructions. If calibration results show bigger difference
than 1,1 time, vibration measurements are repeated.

3. Investigation findings

Vibration in the bulk fertilizer discharge terminal
was measured with the aim of estimating the level and
spread of vibration caused by various technological
processes.

Characteristic places were selected for vibration
measurements in the fertilizer discharge terminal. Meas-
urements were taken on the body of a pneumatic vibra-
tory discharge equipment and near it on the pavement,
on the wall of a railway car and on the building wall of
the bulk fertilizer discharge terminal. The aim is to study
vibration impacting a terminal worker in his workplace.
In order to estimate the spread of vibration caused dur-
ing various technological processes, measurements were
performed outdoors at a 2 m and 10 m distance from the
building of the fertilizer discharge terminal.

The values of measured vibrations are given in Ta-
ble.

Fig 3 presents vibration measurements performed
inside the bulk fertilizer discharge terminal. Here vibra-
tion level in octave frequencies is separated.

The data given in the Table and Fig 3 show that the
highest vibration acceleration level (0,4-3,2 m/s?) was
recorded near the vibratory equipment, i e in the work-
place of an unloading equipment operator. At the pres-
ence of higher frequencies (31,5 and 63 Hz) the highest
vibration level was recorded on the car wall, and
reached 3,2 and 7,0 m/sz, respectively. The lowest level
of vibration in the measuring area was recorded on the
interior wall of the bulk fertilizer discharge terminal.

Fig 4 shows vibration acceleration level on the
pavement inside the discharge terminal and outdoors on
the pavement, at a 2 and 10 m distance from the wall of
the discharge terminal. Vibration acceleration level in
separate octave frequencies is also separate here.
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B on body of vibratory equipment Junets O near vibratory equipment Junets, on pavement
Oon car wall W inside terminal, on building wall
@ outdoors, on exterior building wall
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Fig 3. Measurements of vibration acceleration level in bulk fertilizer discharge terminal

B Near to vibratory equipment, on pavement O Outdoors on pavement (at 2 m distance from building)
O Outdoors on pavement (at 20 m distance from building)
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Fig 4. Vibration spread in the bulk fertilizer discharge terminal
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Fig 4 shows that a higher level of vibration accelera-
tion was recorded inside the bulk fertilizer discharge
terminal than outside it. In frequency octaves vibration
acceleration level inside the terminal vary within the
range of 0,4 and 3,2 m/s%, in the meantime outside, near
the fertilizer discharge terminal, they are from 0,0005 to
0,0042 m/s”. This is preconditioned by the structures of
terminal foundation which suppresses the transfer of vi-
brations from inside the terminal to the environment. It
can also be stated that as the distance from the fertilizer
discharge terminal increases, the energy of vibrations
weakens, and the recorded vibration level at a 2 m dis-
tance from the terminal is several times higher compared
to that in measuring places located at a 20 m distance.

4. Conclusions

1. The highest level of vibration acceleration by the
direction resultant was recorded close to a vibratory
equipment Junets, i e on the pavement in an operator’s
workplace.

2. At 1-16 Hz frequencies the highest level of vi-
bration acceleration varied within the range of 0,4 to
3,2 m/sz, and outside, near the bulk fertilizer discharge
terminal, the level varied from 0,0005 to 0,0042 m/s.

3. At 31,5-63 Hz frequencies the highest level of
vibration acceleration was recorded on the car wall where
it varied from 3,2 to 7,0 m/s>.

4. Vibration impacting humans did not exceed the
permissible vibration level in all the frequency octaves.
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VIBRACLJOS VERTINIMAS KLAIPEDOS BIRIUJU TRASU ISKROVIMO TERMINALE

R. Grubliauskas, G. Stankus, V. VaiSis, V. Nainys

Santrauka

Nidienos gyvenime, mechanizavus pramonés ir Zemés ikio gamyba, didéjant transporto srautams miestuose ir gyven-
vietése, modernéjant buitinei technikai, sparciai didéja vibracijos bei triuk§mo keliamo diskomforto zonos. Ypac¢ su tuo
susiduria pramonés imoniy darbuotojai, transporto priemoniy vairuotojai, juy keleiviai ir kt. Vibracija veikia nervy sistema,
kraujo apytaka, audinius ir kitaip kenkia sveikatai. Vibracijos poveikis Zmogui priklauso nuo atstumo iki jos Zidinio,
medZiagos, kuria vibracija sklinda, vibracijos trukmeés ir sklidimo spartos. Kai vibracija sklinda kartu su triukSmu, jos

poveikis Zymiai didesnis.

Su triukSmo bei vibracijos problemomis susiduriama ir jliry uosty kroviniy stotyse. Vibracijos tyrimai atlikti Klaipédos
jury kroviniy kompanijos biriyjy traSy terminale. Gauti rezultatai palyginti su Lietuvos higienos normose pateiktais
leistinaisiais dydZiais. Tyrimy metu didZiausi vibracijos pagreitio lygiai terminalo viduje kito nuo 0,4 iki 3,2 m/s>, o
lauke, prie traSy iSkrovimo terminalo, ant grindinio, — nuo 0,0005 iki 0,0042 m/s? (esant 1-16 Hz daZniams).

Prasminiai Zodziai: vibracija, vibracijos pagreitis, vibruojantys irenginiai, iSkrovimo terminalas, vibracijos lygiai.

OLEHKA BHUBPALIMI B KJAMIEJICKOM TEPMMUHAJIE IO PA3IPY3KE IMOPOIIKOOBPA3HBIX

YJIOBPEHUI
P. I'pydasyckac, I'. Crankyc, B. Baiimuc, B. Haiinuc

Pesowme

B Hacrosiee Bpemst B CBS3M C MEXaHM3alUeH MPOMBIIIIEHHOTO U CEbCKOXO03IHCTBEHHOTO MPOU3BOJICTBA, YBEIUIEHHEM
TPaHCHOPTHBIX IIOTOKOB B TOPOAX M HACENECHHBIX MyHKTAaX, a TAK)KE COBEPIICHCTBOBAHHEM OBITOBOI TEXHHKH M3-3a BBI-
3bIBA€MOT0 UMM IIyMa U BUOpamuii OBICTPHIMU TEMIAMU YBEIHMUHBAIOTCS AUCKOM(OpTHBIE 30HBL. OCcOOEHHO 4acTo B Ta-
KHX 30HaX MPHUXOAUTCS HAXOJUTHCS PaOOTHUKAM MPOMBIIIICHHBIX NPEANPUSITHH, BOIUTEISIM TPAHCIIOPTHBIX CPENICTB, UX
maccaxupaM u Jp. BuOpauust oTpuiaTensHO cka3blBaeTCs Ha 30pPOBbE UYETOBEKA: €r0 HEPBHOM cHCTeMe, KpoBooOpa-
[IEHHH, TKaHIX. Bo3neiicTBre BHOpanny Ha YenoBeKa 3aBHCUT OT PACCTOSHUS JI0 €e HCTOYHHKA, MaTepuala, 1Mo KOTopo-
My pacHpoCTpaHsercs BHOpalys, MPOJOJKUTEIBHOCTH W YacTOTHl paclpocTpaHeHus BuOpauuu. B ciydae, kornma
BUOpAIMs pacIpOCTPAHAETCS] BMECTE C IIIyMOM, €€ BO3JIEHCTBUE YBEINUHBAETCSI.
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C npobiemaMu nrymMa ¥ BUOpalMM CTAIKUBAIOTCS Takke paOOTHUKHM CTAHLMH MO pa3rpy3Ke rpy30B B MOPCKHMX MOpTax.
HUccnenoBanue BuOpauuii mpoBoauiioch B TEPMHHAJE MO pasrpy3ke mopoikoobdpasHbix yaobpenuit B Knainenckoii kom-
MIAHUM MOPCKHX Tpy30B. IlomydeHHbIe pe3yabTaThl CPABHEHBI C BEIMYMHAMH, JOIMYCTUMBIMH JIMTOBCKUMU TMIMEHHYe-
CKUMH HOopMaMu. Bo Bpems uccienoBanuii HaMOOIbIIME YPOBHH CKOPOCTEH BUOpALlMii BHYTPU TepMUHAIA KOIeOaIlCh OT
0,4 M/c® 0 3,2 M/C°, a Ha OTKPEITOM MecTe BBITPY3KH ymoGpeHuii — ot 0,0005 m/c* 10 0,0042 m/c® (pu wactore 1-16
repu).

KnrodeBble c1oBa: BUOpanus, ycCKOpeHHe BHOpaLuy, BUOPUPYIOIINE YCTAHOBKH, TEPMHHAT MO Pasrpy3ke, YpOBHU BHO-
pauuu.
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