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Abstract: Problem statement: Train is one of the important and famous publim$portations in the
whole world. High magnitude of whole-body vibratifermed by the train may cause diseases and
health problems to the human especially a low hzaik. This study will give an account of daily
exposure to vibration A(8) and Vibration Dose ValWbV) exposed to the passengers travelling in
the train and the effects produced by the expomwrards human bodypproach: One national train
travelled from East Coast to the South has beeserhto conduct the study. The whole-body vibration
exposure was measured in 8 h, which is equal tatihation for normal occupation condition. All the
data was computed by using IEPE ({&{Paccelerometer sensor connected to DT9837 dewiiehvis
capable to measure and analyze vibration effegtivighe vibration results attained were displayed in
personal computer by using custom Graphical Userfice (GUI). MATLAB software was used to
interpret the data obtained. From the results shdik whole-body vibration exposure level can be
determinedResults. The values of daily exposure to vibration A(8) afilration Dose Value (VDV)

in Experiment 3 were 0.3749 m séand 1.2513 m set’ respectively.Conclusion: It can be
concluded that the whole-body vibration absorbedhbynan body enhanced when the duration of
vibration exposure and the total of the trips tha$ been passed by the passengers increasedafhis ¢
be proved by the increasing of the value of daxyaesure to vibration A(8) and Vibration Dose Value
(VDV) calculated in the study.
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INTRODUCTION between physical ergonomics exposures at the
workplace, such as lifting, constrained postures,
Ergonomics is the application of scientific repetitive movements, fast work pace, heavy materia
principles, methods and data drawn from a varidty omanual handling, forceful exertions and vibrationd ¢he
disciplines to the development of engineering syste occurrence of upper extremity musculoskeletal disce
in which people play a significant role. Among the (Bernard, 1997; Griecet al., 1998; Hagbergt al., 1995;
basic disciplines are psychology, cognitive scisnce National Research Council, 2001; Van Der Wieidal.,
physiology, biomechanics, applied physical 2000). To be more specific, ergonomics (also called
anthropometry and industrial systems engineerindiuman factors or human engineering in the United
(Kroemeret al., 2003). Matilla (1996) mentioned that States) defined as the study of human characterifsir
the importance of safety and ergonomics had growthe appropriate design of the living and work
significantly. The latest technology had increaseel  environment. Its fundamental aim is that all human-
option to broaden the ergonomics and safety festofe made tools, devices, equipment, machines and
products and equipment. However, it will also ceeat environments should advance, directly or indiredthg
new risks and the way to manage it would becomeemorsafety, well-being and performance of human beings
complicated. Therefore, it is important for theidasr ~ (Kroemer et al., 2003). Several ergonomic
to use ergonomic knowledge in making decision durin interventions, such as employee training, redesifjn
of machines, equipment, products and systems. Tidiere process tools or workstations and improvement akwo
substantial epidemiologic evidence of associationgonditions, were suggested to tackle musculosKeleta
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problems in industries (Wang al., 2003; Weestgard
and Winkel, 1997).

Various definitions have been given to Whole-
Body Vibration (WBV) by dictionaries, companies and
authors themselves. From the Directive 2002/44/EC o
the European Parliament and of the Council, the ter
‘whole-body vibration’ means the mechanical vibwati
that, when transmitted to the whole body, entagksr
to the health and safety of workers, in particldaver-
back morbidity and trauma of the spine (EC, 2000).
WBYV is defined as vibration occurring when a greate
part of the body weight is supported on a vibrating
surface. WBV principally occurs in vehicles and
wheeled working machines. In most cases exposure to
WBYV occurs in a sitting position and the vibratitn
then primarily transmitted through the seat panasp  Fig. 1: Triaxial accelerometer sensor used for WBV
through the back rest. WBV may impair performance measurement
and comfort. It has also been claimed to contriliate ) .

. L . Table 1: Location measurement
the development_ of various injuries and dlsqrdGns. Experiment Location
many _vvork situations WRBYV is therefore an (_awderrﬂ an From kajang to Seremban
annoying occupational health problem (Griffin, 1890 » From seremban to gemas

Low Back Pain (LBP) is among the most common3 From segamat to tampin
and costly health problems (Garg and Moore, 1992;

Tulder et al., 1995). Occupational, non-occupational One passenger was picked randomly in the trairenTh
and individual risk factors play a role in the the passenger sat on the accelerometer, for examsple
development, the duration and the recurrence of.LBPN Fig. 1.

Several critical reviews have discussed the evidemc [0 this study, the assessment of whole-body
occupational risk factors for back disorders (Wildad ~ Vibration was completed by deciding number of
Pope, 1996; Burdorf and Sorock, 1997; Bovenzi and@mpling rate to 1000 samples se€ompution of the
Hulshof, 1999; Lings and Leboeuf-Yde, 2000; Waddell€XPOSure time was set to 8 h for each experiment,
and Burton, 2000). All these reviews conclude thatVhich equal to the duration for normal occupation
there is strong epidemiological evidence for atiaha stlpu!atlon. The study has been conducted at effier
between occupational exposure to WBV and LBP. Inlocathns. The Iocatlc_)n measurement for each
five European countries (Belgium, Germany, experiment was explained in Table 1. After the

Netherlands, France, Denmark), LBP and spina ccelerometer and DT9837 instrument were connected,
’ ' ’ he process of collecting the data acquisitiorheftrain
) . Vibration was started. The total vibration of eaotes
occupational disease (Hulshef al., 2002). However, .. h \were x, y and z-axis felt by the passenges wa
high exposures and e_ldvers_e effects still occur 8W displayed in a plotted graph by using Mat lab safev
is a common occupational risk factor for LBP, afiieg Whole-body vibration measurement explored by
4-8% of the workforce in industrialized countries the passenger was done three times at differentttip
(Palmeret al., 2000). Important high risk groups are areas. Among the areas passing by the train were
drivers of off-road vehicles (for example, earthving,  namely from Kajang to Seremban, from Seremban to
forestry and agricultural machines), drivers ofkfifr Gemas and from Segamat to Tampin.
trucks, lorries, or buses, crane operators anadyater
pilots. Description of subject: Excessive exposure of whole-
body vibration usually occurred at working area ahbhi
MATERIALSAND METHODS involved long duration of exposure and high-levél o
vibration magnitude. Train is one of the most publi
Whole-body vibration measurement was donetransportations that produced high magnitude of
according to ISO 263-1:1997. The triaxial vibration. The one national train travelled fromsEa
accelerometer sensor was located between th€oast to the South has been chosen to conduct the
passenger contact points with the vibrattmurce. study.
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Fig. 2: Triaxial seat accelerometer (DYTRAN model Fig- 3: How accelerometers work
5313A)

Equipments: There were two devices used in the study —_—
which were IEPE (ICP") accelerometer sensor and Bl
DT9837 instrument.

Based on Fig. 2, the IEPE (I®H accelerometer
sensor (also known as triaxial seat accelerombégsh
used in this study was DYTRAN Model 5313A. The
sensor was utilized to assess the vibration levhe
accelerometer consists of a piezoelectric element
connected to a known mass. When the acceleronseter i
vibrated, the mass applies force to the piezoétectr
element, generating an electrical charge that is
proportional to the applied force. Then this changes
deliberated to determine the vibration charactesst
Figure 3 showed how the accelerometer works. Most

accelerometers require a current source of 4 mAaand \ ."':@ Oj

compliance voltage of at least 18 V to drive their
internal circuitry. Other accelerometers requir2 mA
current source, but have limitations in cable langnd
bandwidth. Fig. 4: DT9837 model

The DT9837 instrument was a highly accurate
five channel data acquisition module that is idal  1apje 2. Summary features of DT9837
portable noise and vibration measurements. It has gummery of features
simultaneous, 24 bit A/D channels for high resoluti

measurements. This instrument supports for fourElEP /® Simultaneous

. . . throughput D/A Tachometer subsystem

|npUtS:_ including 4 mA current sources. Portableperchannel  channels  input operation Application
operation can be done by the DT9837 because N&»734kHz4 1waveform 1 synchronous Yes Vibratio
external power supply needed and runs on USB powelEPE inputs  orsingle  to analog data acoustics,

D'simultaneous value steam sonar

The DT9837 has tachometer input support in the A/
data stream for synchronizing measurements. Sagplin

rate of over 52 kHz was produced by this instrumint Description of software and custom Graphical User

has low frequency measurements supported with a widl nterface (GUI): In this study, MATLAB software

pass band of 0.5-25.8 kHz (0.49 x sampling freqyenc was applied to analyze the Vvibration signal
The DT9837 was a programmable trigger for analogiathered by DT9837 instrument from USB port. The
input operations for maximum flexibility. Figureahd  MATLAB Graphical User Interface (GUI) scripts
Table 2 showed the DT9837 model and the summarhave been examined by using GUIDE function for
features of the instrument. ease measurement and assessment of WBV exposure.
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Table 3: Whole-body vibration measurent data ctélédn train

Experiment 1 Experiment 2 Experiment 3
From To from To From To
Analysis method Kajang  Seremban Seremban  Gemas Seremban  Tampin
Daily exposure to vibration A(8) 0.3221 m Sec 0.2884 m seé 0.3749 mseé
Exposure points system 41.4867 point 33.2716 point 56.206 point
Vibration Dose Value (VDV) 1.1014 m séé® 1.0973 m s&¢™® 1.2513 m sé¢’™®
Daily exposure action value time (0.5 m$gc 9 h 50 min 12 h 16 min 7 h 16 min
Daily exposure limit value time (1.15 m §8c 52 h 3 min 64 h 54 min 38h 25 min
Points per h 5.1858 point 4.159 point 7.0258 point
Time achieving 1h 29 min 1 h 30 min 53 min
1.75 m se¢”®
MATLAB with data translation’s hardware, while the data
) acquisition toolbox is collecting data, MATLAB can
Data acquisition analyze and visualize the data.
toolbox
: RESULTS
gia t”;”lmmtfs From the three experiments done, daily exposure to
?&T"’Lﬁ% o vibration A (8) value and Vibration Dose Value (VPV
and exposure points value were evaluated by using
’ formula (1), (2) and (3). But, by employed the
D — MATLAB Graphical User Interface (GUI), the
ata translation’s ; i
date acquisition calculation of those values was done by choosirgg th
USB modules analysis method from the organize MATLAB menu.
When the option was made followed the passenger’s
/ \ need, the calculated values completed by connect th
update button. Hence, the results were displaydtan
TEPE sensors custom made Graphical User Interface (GUI).
Fig. 5: Flow chart of data acquisition process Daily exposure to vibration A(8):
From this MATLAB script, three graphs of each axes a(g)=vibration Valu{m]x\/exposuretime(min 1)
been meditated for current analysis. Besides, tta d S 480(min)

and vibration signal can be saved in the personal

computer for next analysis. Thus, the total of \ail Vibration Dose Value (VDV):
exposure to vibration towards human can be evaluate ;
through the accelerometer sensor, DT9837 instrumenyDV :(joa“(t)dt)"'25 2

and this MATLAB software. MATLAB was a well
known interactive software environment for datawhere:

acquisition and analysis, report generation and te (t) = Frequency-weighted acceleration (mi%ec

system development. It provides a complete set = The total period of the day during which
tools for acquiring and analyzing analog and digita vibration may occur (s)

input output signals from a variety of PC-compatibl
data acquisition hardware. The MATLAB Data Exposure points value:
Acquisition Toolbox configured the external hardevar
devices, read data into MATLAB and Simulink for
immediate analysis and send out data for contgptie
system. The diagram shown in Fig. 5 depicts an . ) .
example using MATLAB and the MATLAB data AI_I the_ data obtained in the experiment were
acquisition toolbox with data translation’s DT988y  ©organized in Table 3. Whole-body vibration graphs
acquire vibration data from USB modules. Noticet tha Were demonstrated in Fig. 6. For Fig. 6a, the grafph
the data translation provides an interface layalied ~ whole-body vibration was collected namely from
the DAQ adaptor for MATLAB, which allows the Kajang to Seremban, while Fig. 6b was from Seremban
MATLAB data acquisition toolbox to communicate to Gemas and Fig. 6¢ from Segamat to Tampi
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Fig. 8: Vibration dose value (VDV) computation

DISCUSSION

From the results attained, the frequency weighted
acceleration value indicated in the study was tjose
the permissible value of exposure limit stated ediog
to ISO 2631-1:1997. Therefore, the high magnitufie o
WBV may cause musculoskeletal disorders to the trai
passengers.

The basic method (frequency weighted r.m.s.
method) in 1ISO 2631-1 is primarily applicable to
assessment of health risks from stationary vibnatio
not containing severe multiple or single event &soc
Single event shocks can be analyzed with the aahditi
method running r.m.s. in 2631-1, although ther@as
information on health risk levels. The additional

) ) ] _ .. method VDV (frequency weighted fourth power
Fig. 6: Whole-body vibration custom data acquisitio yihration dose value) is more sensitive to shotkt

system (a) from Kajang to Seremban, (b) fromine pasic method, but it will still underestimatee t
Seremban to Gemas and (c) from Segamat tQeath risk of vibration containing severe shocks i
Tampin comparison to the health risk of vibration not
containing severe shocks. The EU Physical Agents
Figure 7 showed the calculation of exposure pointdirective uses the basic method for assessment of
system. The Vibration Dose Value (VDV) health risk with VDV as an alternative. The two
measurement was illustrated in Fig. 8. methods give different assessment results.
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Table 4: Standard value of RMS acceleration whole-body vibration exposure that lead to
Exposure limit RMS acceleration  mysculoskeletal disorders.

8h 2.8 msec’ The term musculoskeletal disorder refers to
4h 4.0 m se@

conditions that involve the nerves, tendons, muscle

iﬁ h iiezmnfzéé and supporting structures of the body (Bernard,71.99

30 min 16.8 m se@ Exposure to WBV is another occupational risk factor
5 min 27.4 m se@ that may cause LBP in participants of occupational
1 min 61.3 m se@ vehicles (Bovenzi and Hulshof, 1999). In western

countries an estimated 4-7% of all employees are

The root-mean-square (r.m.s) vibration magnitudeeXPosed to potentially harmful WBV. Experimental
is expressed in terms of the frequency weightedtudies have found that resonance frequencies st mo
acceleration at the seat of a seated person de¢tef Of the organs or other parts of the body lie betwie
a standing person, it is expressed in units of ragter and 10 Hz, which are in the range of frequenciesido
second squared(m sec¢?). The r.m.s vibraton N occupational machines and vehicles. 6 million
magnituderepresents the average acceleration over ¥orkers are exposed to WBV typically while in a
measurement period. It is the highest of threeseated position including delivery vehicles drivers

orthogonal axes values (1,4a1.4a, or a,) that are fork!ift operators, helicopt.e_rs pilots and const'mp
used for the exposure assessment. equipment operators (Griffin, 2006). Tractor driver

For knowledge, the frequency weighted have reported 61-94% prevalence of LBP and
acceleration value which less than 0.45 nissigowed Pathological changes in the spine and heavy-equipme
that there was no negative health effect expectedlrivers report 70% prevalence of LBP. WBV is
Whilst the frequency weighted value in between 0.45€cognized as an important risk factor for occugpal
and 0.90 m sét explained that the negative health LBP in a variety of occupational groups (Darren and
effects still can be accepted. But, the frequenq}_eshe, 2007). At least four European countriesehav
weighted acceleration value greater than 0.90 rit,sec Placed WBV injury on their scheduled lists of
high risks of bad health problems were anticipated. ~ 0ccupational diseases (Hulsheff al., 2002). Among

The data from Table 4 indicated the r.m.sSuch physical exposures encountered in working
acceleration value for exposure limit in 8 h. Theconditions, WBV has repeatedly been identified as a

passengers exposed to the whole-body vibratiofiSK factor for LBP (Santost al., 2008). Several

exposure must not exceed this standard Value§p|dem|olog|c studies conducted in the past several

Otherwise, the passengers may have an experience yyars found strong ewdzncehfor a correlation t?etwe
bad health problems. exposure to WBV and the occurrence of LBP

The results of this studv indicated that in (Danielleet al., 2008). The National Research Council

: dy . (2001) reported that there is evidence of a “clear
Experiment 3 the_ values of daily exposure to vibra relationship between back disorders and whole-body
A (8) and Vibration Dose Value (VDV) were much yipraiion”. Darren and Leslie (2007) had determined
higher than the other two experiments. The valdes ohe association between back belt usage and back pa
daily exposure to vibration A (8) and Vibration Bos amongst forklift drivers exposed to WBV. LBP has
Value (VDV) were 0.3749 m sécand 1.2513 m séc™  peen identified as one of the most costly disorders
respectively. It seems possible that these resudt® among the worldwide working population and sitting
due to indelicate track passed by the train, théntr has been associated with risk of developing LBP
operation style and speed differences coathdo (Angela et al., 2007). It was showed that sustaining
Experiment 1 and 2. In addition, the daily exposuretrunk sitting postures corresponding to mining ekhi
action value time only required 7 h 16 min to méiet  operators generates back muscle fatigue and pbstura
standardized value of 0.5 m 5&to an 8 h reference balance (Santost al., 2008). On the other hand,
period. Surprisingly, this result was found to eecténe  Danielle et al. (2008) had been concluded that
standard time of whole-body vibration assessmenPccupational participants exposed to WBV, with ghhi
which was 8 h stated in ISO 2631-1:1997. The reasofM! do not have an increased risk for the developme
for this is not clear but it may have somethingdt of LBP, so the focus should be on other factors.
with the speed of the train that generated high

magnitude of vibration value to the train. The high CONCLUSION
magnitude of whole-body vibration exposure produced
by the train may contribute to musculoskeletal aisos WBV gained by human body increased when the

to the passengers. In reviewing the literatureretiveas  duration of vibration exposure and the total traips
found the relation between occupational vehicled anexperienced by the subject enlarged. This phenomena
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can be proved by the increasing of daily of expesar EC., 2002. Directive 2002/44/EC of the European

vibration A(8) value and Vibration Dose Value (VDV) Parliament and of the Council of 25 June 2002.
Hence, it was clearly explained that most of thentr Offic. 3. Eur. Commut.
passengers especially at the national train located http://www.btbtools.com/European%20HAV%20D

Malaysia were exposed to worse WBV during their
travelling time because the frequency-weighted . .
acceleration value indicated in the study was ¢joke Garg, A. an_d ‘]S Moore, 1992. Ep|dem|.o|ogy of low-
the value of exposure limit value according to 1SO __Pack painin industry. Occup. Med., 7: 593-60.
2631-1:1997. Consequently, this condition may caus&riffin, M.J., 1990. Handbook of Human Vibration.
health problems to the passengers. Empirical studie = Academic Press, London, ISBN: 0123030412, pp:
showed that there was a relation between an 171-220.

occupational vehicles and whole-body vibration thatGriffin, M.J., 2006. Health effects of vibrationeh
lead to musculoskeletal disorders. But, from the known and unknown. Proceeding of the
scenario of Malaysian population, there is a defiti Conference on Human Vibration, Morgan Town,
research on this problem. Because of insufficient  pHHs/CDC/NIOSH, WV., pp: 3-4.

knowledge  of ~diseases affected by WBV, thegyigco, A, G. Molteni, G. De Vito and N. Sias, 899
passengers find difficulty to know exactly the espee Epidemiology of musculoskeletal disorders due to
g(p\(/)vsBe\(; fgs t:ecnc:ngﬂgio?lovlynor:]:Csr:uc;iheesyarr]gvr?eetl)ji%nt biomechanical overload. Ergonomics, 41: 1253-
provide clear evidence of the association betwe&VW 1260. DOL: 10'_1080/091401398186298 )
and musculoskeletal disorders especially on Maaysi Hagberg, M., B. Silverstein, R. Wells, M.J. Smithda

irective.pdf

occupational vehicles. A further study with moreude HW.  Hendrick, 1995. Work  Related
on the train drivers is therefore suggested. Musculoskeletal Disorders (WMSDs): A Reference
Book for Prevention, Taylor and Francis, London,
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