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I. INTRODUCTION 
Ergonomics is the application of scientific principles, methods and data drawn from a variety of 

disciplines to the development of engineering systems in which people play a significant role. Among the basic 

contributing disciplines are psychology, cognitive sciences, physiology, biomechanics, applied physical 

anthropometry and industrial systems engineering (Kroemer et al., 2003). The importance of safety and 

ergonomics has grown significantly over the past years (Matilla, 1996). The latest technology has allowed for 

the expanded used of ergonomics and additional safety features in products and equipment. At the same time, 

new technology has created new risks, and the management of these risks is more complicated. For this reason, 

it is important for adesigner to use his knowledge of ergonomics during the design process of machines, 

equipment, products and systems. There is substantial epidemiologic evidence that links physical ergonomics 

exposures at the workplace, such as lifting, constrained postures, repetitive movements, fast work pace, 

handling of heavy material, forceful exertions  and vibration, to the occurrence of upper extremity 

musculoskeletal disorders (Bernard, 1997; Grieco et al., 1998; Hagberg et al., 1995; NRCIM, 2001; van der 

Windt et al., 2000). Ergonomics (also called human factors or human engineering in the United States) can be 

defined as the study of human characteristics for the appropriate design of the living and work environment. Its 

fundamental aim is that all human-made tools, devices, equipment, machines, and environments should 

advance, directly or indirectly, the safety, well-being, and performance of human beings (Kroemer et al., 2003).  

Several ergonomic interventions, such as employee training, redesign of process tools or workstations and 

improvement of work conditions, have been suggested and implemented to tackle musculoskeletal problems 

related to industrial work (Wang et al., 2003; Weestgard and Winkel,1997). 

Depending on the source, WBV has been given a variety of definitions.  From the Directive 

2002/44/EC of the European Parliament and of the Council, the term ‘whole-body vibration’ refers to the 

mechanical vibration that, when transmitted to the whole body, entails risks to the health and safety of workers, 
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in particular lower-back morbidity and trauma of the spine (Directive 2002/44/EC). WBV is defined as the 

vibration that occurs when the greater part of a person’s weight is supported on a vibrating surface. WBV 

principally occurs in vehicles and wheeled working machines. In most cases exposure to WBV occurs when the 

person is in a sitting position and the vibration is thus primarily transmitted through the seat pan, with additional 

transmittance through the backrest. WBV may impair performance and comfort. It may also contribute to the 

development of various injuries and disorders. In many work situations, WBV is a prominent and troublesome 

occupational health problem (Griffin, 1990). 

Lower back pain (LBP) is among the most common and costly health problems (Garg and Moore, 

1992; Van Tulder et al., 1995). Occupational, non-occupational, and individual risk factors play a role in the 

development, the duration, and the recurrence of LBP. Several critical reviews have discussed the occupational 

risk factors that result in back disorders (Wilder and Pope, 1996; Burdorf and Sorock, 1997; Bovenzi and 

Hulshof, 1999; Lings and Leboeuf, 2000; Waddell and Burton, 2001). All of these reviews conclude that there 

is strong epidemiological evidence relating occupational WBV exposure to LBP. In five European countries 

(Belgium, Germany, Netherlands, France, Denmark), LBP and spinal disorders due to WBV are currently 

recognized as occupational diseases (Hulshof et al., 2002). However, WBV remains a common occupational 

risk factor for LBP, with high exposures and the resulting injuries  affecting 4% to 8% of the workforce in 

industrialized countries (Palmer et al., 2000). Important high risk groups include drivers of off-road vehicles 

(such as those used for earth moving, forestry, and agriculture), drivers of forklift trucks, lorries, and buses, 

crane operators, and helicopterpilots. 

 

II. EXPERIMENTAL DESIGN 

WBV measurements were conducted according to ISO 2631-1:1997. The triaxial accelerometer sensor was 

located between the passenger’s contact points and thevibration source. During the test, a randomly chosen 

passenger sat on the accelerometer, shown in Figure 1. 

 

Figure 1: Triaxial accelerometer sensor used for WBV measurement 

 

The two measurement devices used in the study were the IEPE(ICP
TM

) accelerometer sensor, and a 

DT9837 instrument. The IEPE(ICP
TM

) accelerometer  sensor (also known as a triaxial seat accelerometer) was a 

DYTRAN Model 5313A. The sensor was used to assess the vibration level. The DT9837 instrument was a 

highly accurate five channel data acquisition module that is ideal for portable noise and vibration 

measurements. In this study, Matlab software was used to analyze the vibration signal gathered by the DT9837 

instrument via a USB port. The Matlab Graphical User Interface (GUI) scripts were examined using the GUIDE 

function for ease of measurement and assessment of WBV exposure. Using this Matlab script, three graphs, 

displaying the three different axes of vibration, were displayed for real time observation. The collected data 

were also saved in the computer for subsequent analysis. Thus, in this work, the total daily exposure to vibration 

towards humans was evaluated using an accelerometer sensor, a DT9837 instrument and Matlab software. 

Excessive exposure of WBV typically occurs when the exposure duration is long and accompanied with a large 

vibration magnitude. While the road surface circumstance is one of the environmental factors that may 

contribute to high-level of vibrationmagnitude. 

The Malaysian car traveling from the east coast to the southern part of the country was chosen for this 

study. WBV measurements using a randomly chosen passenger were performed three times at three different 



Vibrational Exposure Analysis on Human Body: Road Condition Status In City 

www.ijceronline.com                                                Open Access Journal                  Page 110 

locations. The WBV was sampled 1000 times per second. For each experiment, the exposure time was set to 8 

hours, which is equivalent to the duration of a typical occupational exposure time. The study was conducted at 

different locations. After the accelerometer and DT9837 were connected, the data collection began. The total 

vibration along each axis (x, y, and z)  felt by the passenger was displayed in a graph using Matlab. Road 

surface circumstance is a big dominant parameter towards WBV especially at low frequency. One Malaysian 

national car was chosen to conduct the study. The car passenger was picked up randomly without consideration 

of the individual characteristics of the passenger. In this study, WBV measurements were done by changing the 

road condition passed by the car. 

Calculationoftheexposuretimewassetto5minand10minrespectively.Thestudywas conducted at different locations 

with different road conditions. The road circumstances for each experiment is listed in Table 1. WBV 

measurements explored by the car passenger were conducted three times at three different road conditions. 

Among the road conditiopns passed by the car were uneven and zigzag road, even and zigzag road, and lastly 

even and straight road. 

 

Table 1: Road Circumstances 

 

Experiment Measurement Time (min) Road Condition 

1 5 Uneven and zigzag road 

2 10 Even and zigzag road 

3 10 Even and straight road 

 

III. RESULTS AND DISCUSSION 
From the two experiments conducted, the Daily Exposure to Vibration A(8) value and Vibration Dose 

Value (VDV) were evaluated using Matlab features, according to formulas (1) and (2) listed below (Hostens 

and Ramon, 2003). The results were displayed in the custom made Graphical User Interface (GUI). 

 

The Daily Exposure to Vibration A(8) was calculated as follows; 

 

 (

1) 

 

The Vibration Dose Value (VDV) was calculated as follows; 

 

 (

2) 

where, 

a(t) = frequency-weighted acceleration (m/s
2
) 

T = the total period of the day during which vibration may occur(s) 

 

WBV graphs were demonstrated in Figure 2. From the analysis, three different road surface conditions 

have been passed through for WBV assessment occurred in the car. The first road type was uneven and zigzag 

road at Golf Kajang. The second condition was even and zigzag road which at University Kebangsaan Malaysia 

(UKM) areas. While the third road was at Bandar BaruBangi areas which even and straight road. The speed of 

the car during the study was set to 40km/h. All the data obtained in the experiment are shown in Table 2. 

Whole-body vibration graphs were demonstrated in Figure 2. For Figure 2(a), the graph of whole-body 

vibration was collected at uneven and zigzag road, while Figure 2(b) was at even and zigzag road, and Figure 

2(c) was even and straightroad. 
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Table 2: Whole-body Vibration Measurement Data Collected in Car 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

value time (0.5 m/s
2
) value time (1.15 m/s

2
) 

 

1.75 m/s
1.75

 

 

WBV risks towards human’s health enhanced when the amplitude of the vibration signal absorbed by 

the human body increased. This situation was proved by the comparison of the three experiments done in the 

study. In the first experiment, the uneven and zigzag road surface had boost up the vibration amplitude. Thus, 

the daily exposure to vibration A(8) and the vibration dose value (VDV) absorbed by the passenger was higher 

compared to experiment 2 and experiment 3 eventhough the measurement time only took 5 min. At the same 

time, exposure WBV points system value in experiment 1 was high too. In other words, daily exposure action 

value time (0.5 m/s
2
) and daily exposure limit value time (1.15 m/s

2
) were at low level than in experiment 2 

and3. 

This study finds that, the frequency-weighted acceleration value associated with car travel in Malaysia 

is close to the permissible exposure limit stated in ISO 2631- 1:1997. Hence, the high magnitude of WBV 

experienced by the passenger of a moving car may cause musculoskeletal disorders. The basic method 

discussed in ISO 2631-1 involves a frequency-weighted root-mean-square (r.m.s.) calculation that is primarily 

applicable to the assessment of health risks from stationary vibrations and does not account for severe single or 

multiply occurring shock events. Single shocks events can be analyzed with additional methodology that 

involves a running r.m.s. calculation as described in 2631-1, although no information on the health risk levels of 

single event shocks is provided in the literature. This additional method involves a (frequency- weighted fourth 

power vibration dose value (VDV)), and is more sensitive to shocks than the basic method. However, the VDV 

method will underestimate the health risks of vibration that contains severe shocks in comparison to the health 

risks of vibration that does not containing severe shocks. The EU Physical Agents Directive uses the basic 

method for the assessment of health risks, with VDV as an alternative. The two methods give different 

assessment results (Kjell and Miltek,1999). 

Analysis Method Experiment 1 

(5 min) 

Experiment 2 

(10 min) 

Experiment 3 

(10 min) 

 Uneven and Even and Zigzag Even and 

 

Daily exposure to 
Zigzag Road 

1.0782 m/s
2
 

Road 

0.8097 m/s
2
 

Straight Road 

0.7928 m/s
2
 

vibration A(8)    

Exposure points system 464.96 point 262.219 point 251.381 point 

Vibration dose value 6.3314 m/s
1.75

 4.3958 m/s
1.75

 3.7264 m/s
1.75

 

(VDV)    

Daily exposure action 53 min 93 min 97 min 

Daily exposure limit 279 min 494 min 515 min 

Points per hour 58.1201 32.7773 31.4226 

Time achieving 812 min 3494 min 6765 min 
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(a) 

 

 

(b) 

 

 

(c) 

Figure 2: Whole-body vibration custom data acquisition system (a) Uneven and zigzag road, (b) Even and 

zigzag road, and (c) Even and straight road 
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The (r.m.s) vibration magnitude is expressed in terms of the frequency-weighted acceleration at the 

seat of a seated person or the feet of a standing person, in units of meters per second squared (m/s²). The r.m.s 

vibration magnitude represents the average acceleration over a measurement period. The vibration exposure is 

assessed using the highest of the three orthogonal axes values (1.4awx, 1.4awy or awz). A frequency- weighted 

acceleration value less than 0.45m/s
2
 mean that no negative health effect should be expected. A frequency-

weighted value between 0.45m/s
2
 and 0.90m/s

2
 implies the possibility of negative health effects. A frequency-

weighted acceleration value greater than 0.90m/s
2
 suggests high risks of negative health problems. Table 3 

shows the r.m.s acceleration value limits for exposures up to 8 hours. Vibrations experienced by the train and 

car passengers must not exceed the given limits, or they risk the development of vibration-related 

healthproblems. 

 

Table 3: Standard value of RMS acceleration 
Exposure Limit 8 hrs 4 hrs 2.5 hrs 1 hr 30 min 5 min 1 min 

RMS 2.8 4.0 5.6 11.2 16.8 27.4 61.3 

acceleration m/s2 m/s2 m/s2 m/s2 m/s2 m/s2 m/s2 

 

A study in 1983 looked at exposure to accident risk, including characteristics of the amount of travel, 

conditions of travel and characteristics of the driver and vehicle undertaking the travel (Ziari and Khabiri, 

2006). The high WBV exposure may result in musculoskeletal disorders to the drivers. Musculoskeletal 

disorders continue to be a major source of disability and lost work time (Ghasemkhani et al., 2006). There are 

several examples in the literature that relate WBV exposure from occupational vehicles to musculoskeletal 

disorders. The term musculoskeletal disorder refers to conditions  that involve the nerves, tendons, muscles, and 

supporting structures of the body (Bernard, 1998). 

Exposure to WBV is another occupational risk factor that may cause LBP in participants of 

occupational vehicles (Bovenzi and Hulshof, 1999). In western countries, an estimated 4–7 percent of all 

employees are exposed to potentially harmful doses of WBV. Experimental studies have found that resonance 

frequencies of most of the organs or other parts of the body lie between 1 and 10 Hz, which are in the range of 

frequencies found in occupational machines and vehicles. Six million workers are exposed to WBV, typically 

while in a seated position. Workers at risk include delivery vehicles drivers, forklift operators, helicopters 

pilots, and construction equipment operators (Griffin, 2006). Tractor drivers have reported a 61–94% 

prevalence of LBP and pathological changes in the spine, and heavy-equipment drivers report a 70% prevalence 

of LBP. WBV is recognized as an important risk factor for occupational  LBP in a variety of occupational 

groups (Joubert and London, 2007). At least four European countries have placed WBV injury on their official 

lists of occupational diseases (Hulshof et al., 2002). Among such physical exposures encountered in working 

conditions, WBV has repeatedly been identified  as a risk  factor for  LBP (Santos et   al., 2008). Several 

epidemiologic studies conducted in the past several years have found strong evidence of a correlation between 

WBV exposure and the onset of LBP (Noorloos et al., 2008). Joubert and London (2007) studied the association 

between back belt usage and back pain among forklift drivers that were frequently exposed to WBV. LBP has 

been identified as one of the most costly disorders among the working 

populationworldwide,andsittinghasbeenassociatedwiththeriskofdevelopingLBP(Lis et al., 2007). It was shown 

that sustained truck sitting postures maintained by mining vehicle operators generates back muscle fatigue and 

postural balance issues (Santos et al., 2008). 

 

IV. CONCLUSION 
In this work, it was found that the exposure of the human body to WBV increased with an increase in 

the vibration exposure magnitude and duration, as illustrated. The increase in the Daily value of Exposure to 

Vibration A(8) values and Vibration Dose Values (VDV) with increasing travel time and trip quantity. In this 

work, the frequency-weighted acceleration value recorded on the Malaysian car was found to be close to the 

accepted exposure limit set in ISO 2631-1:1997. Hence, most of the passengers on these cars are being 

subjected to potentially dangerous levels of WBV during their travel. WBV exposure is known to cause health 

problems in humans. Empirical studies have shown that drivers that are exposed to WBV while in occupational 

vehicles often have musculoskeletal disorders. However, in Malaysia there is currently insufficient research 

dedicated to the problem. Because the general public is unaware of the seriousness of WBV, car drivers are 

often not given information concerning WBV exposure and the related health risks. In conclusion, more studies 

are needed to provide clear evidence of the association between WBV and musculoskeletal disorders, especially 

involving to Malaysian occupational vehicles. A future study should focus on an occupational vehicles driver’s 

exposure to WBV and the consequent healthproblems. 
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