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Definition of terms 

 

aw: The frequency-weighted root mean square acceleration. 

awxyz: The vector sum frequency-weighted root mean square acceleration for the 

three axes of translational movement. 

BS: British Standard 

CEN: The European Committee of Standardization 

CF: The ratio of the peak acceleration to aw. 

ICP: Integrated Circuit Piezoelectric 

ISO: International Organization of Standardization 

SAE: Society of Automotive Engineers 

SANAS: South African National Accreditation System 

VDV: The fourth power vibration dose value. 

WBV: Whole-Body Vibration 
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Abstract 

 

Limited research has been conducted on inconsistencies relating to whole-body 

vibration (WBV) field assessments. Therefore, this study aimed to investigate a certain 

possible contributor to inconsistencies in vibration assessment work, namely averaging 

intervals. To our knowledge, this was the first study investigating the effect of multiple 

averaging approaches on WBV results. WBV parameters were measured for a driver 

operating a vehicle on a preselected test route utilising ISO 2631-1:1997. This was 

achieved utilizing a Quest HavPro vibration monitor with a fitted tri-axial Integrated 

Circuit Piezoelectric (ICP) accelerometer pad mounted on the driver’s seat. 

Furthermore, in an attempt to decrease differences between observed WBV results, an 

outlier detection method, part of the STATA software package was utilised to clean the 

data. Statistical analyses included hypothesis testing in the form of one-way ANOVA 

and Kruskal-Wallis one-way analysis of variance by ranks to determine significant 

differences between integration intervals. Logged data time-series durations showed a 

W0 = 0.04, therefore indicating unequal variance. Omission of 60s from statistical 

analyses showed a W0 = 0.28. The observed difference occurs when data is averaged 

over longer intervals, resulting in portions of data not being reflected in the final dataset. 

In addition, frequency-weighted root mean squared acceleration results reflected 

significant differences between 1s, 10s, 30s, 60s and SLOW averaging approaches, 

while non-significant differences were observed for crest factors and instantaneous 

peak accelerations. Vibration Dose Value results reflected non-significant differences 

after omission of 60 second averaging interval data. Cleaned data showed significant 

differences between various averaging approaches as well as significant differences 

when compared with raw vibration data. The study therefore outlined certain 

inconsistencies pertaining to the selection of multiple integration intervals during the 

assessment of WBV exposure. Data filtering could not provide a conclusion on a 

suitable averaging period and as such, further research is required to determine the 

correct averaging interval to be used for WBV assessment. 

Keywords: Occupational hygiene, whole-body vibration, averaging, exposure, outlier 

detection, HavPro, monitoring.  
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1. Introduction  
 

The importance of accurately quantifying the exposure of workers to occupational 

hygiene stressors such as whole-body vibration (WBV) has become an important factor 

in managing and controlling occupational associated health risks. Variability in WBV 

results are addressed in the CEN 14253 standard, which states that “the experimenter 

shall determine the main sources of uncertainty and multiple measurements shall be 

made in order to determine the extent of the uncertainty and to calculate the standard 

deviation regarding the dominant sources of uncertainty”.1 It is well known that 

variability is common in field assessments of WBV and the effects of systematic errors 

may have a significant influence on the end result if not properly accounted for. 1-3 

 

It is stated in Annexure B of the international standard ISO 2631-1 that biodynamic and 

epidemiological studies have given evidence for an increased risk of health effects due 

to long-term, high intensity WBV exposure. WBV therefore seems to follow a dose-

response relationship. Sufficient data however does not exist to indicate a quantitative 

relationship between vibration exposure and health effects.4 

 

Even though WBV exposure can’t yet be quantitatively compared to certain health 

outcomes, several health effects have been discovered. As the name implies WBV 

affects the entire body, with outcomes ranging from discomfort to decreased 

performance and/or detrimental health outcomes, including musculoskeletal, digestive, 

auditory, cardiac, neurological and vascular disorders.5 

 

Two well-known standards currently exist for the quantification of vibration with regards 

to whole body exposures, namely BS 6841 (1987) and ISO 2631-1 (1997).5,6 Although 

the BS standard was originally developed as an exclusively British standard, its use has 

spread worldwide, in some cases even in preference to the ISO standard. Recently, the 

use of the ISO method became the preferred standard to evaluate WBV in Britain.2,5 
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Both of the standards require tri-axial acceleration measurements to be taken on the 

seat pan by means of an accelerometer fixed in a 20 cm diameter semi-rigid disc as 

specified by the Society of Automotive Engineers (SAE pad). This disc is placed on the 

seat pan from where acceleration signals are then passed through a tri-axial 

accelerometer which is stimulated in three axes, namely x, y and z.4,5,7 The axes 

represent the possible directions of movement for a complex stimuli in relation to the 

body, fore-aft (defined as the x-axis), laterally (defined as the y-axis) and vertically 

(defined as the z-axis). Once the accelerometer is stimulated, the signal is amplified, 

conditioned according to the set frequency weighting, the required calculations are 

made and the results are displayed on the instrument.5 

 

The frequencies of the acceleration signals are weighted to provide the correct 

sensitivity for a specific sample population’s bodily response to vibration at defined 

frequencies (the specific weightings differ according to the standard in use). For ISO 

2631-1 the weightings set are Wd, Wd and Wk (all with an equal frequency range of 0.5-

80 Hz) for the x, y and z-axes respectively.4,5,7 In addition to the frequency weighting, 

ISO 2631-1 further requires that a scaling factor be applied to each of the axes (x-axis, 

k = 1.4; y-axis, k = 1.4; z-axis, k = 1.0).4,5,7 The scaling factor is used for health risk 

assessment purposes at the specified frequency weightings as defined in the 

standard.4,5,8 

 

Vibration in its essence is defined as a movement that oscillates around a fixed point. 

Therefore, the mean value of a vibration signal will be zero due to the fact that all the 

positive values cancel out the negatives as it completes a number of cycles for all the 

expressed frequencies.4,5 This means that the magnitude of the signal can’t be 

expressed through the mean. Utilising the Root-Mean-Square (RMS) for the vibration 

signal alleviates this problem by squaring each value in the signal, then taking the mean 

value and determining its square root. The RMS forms the basis for all data evaluation 

for health risk assessment purposes according to ISO 2631-1. Mathematically, the RMS 

can be expressed as:  
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         √
 

 
∫    
 

 

( )   

Where: 

 aw r.m.s is the frequency-weighted RMS acceleration 

 T is the measurement duration  

 aw(t) is the frequency-weighted acceleration at time t 

 

No proposed averaging interval for RMS is currently defined in ISO 2631-1 and this 

formed the basis of the proposed study.4,5,8 Vibration monitors, such as the Quest 

HavPro monitor used for this study, are capable of sampling at a magnitude of different 

frequency-weighted acceleration averaging intervals during which the RMS is 

calculated. The problem however, is that no research could be found pertaining to 

inconsistencies arising from WBV exposure assessments conducted with Quest HavPro 

equipment or studying the effects of different integration intervals on WBV results. 

Therefore, this study aimed to investigate the effects of different averaging intervals on 

WBV exposure results and to determine whether or not these differences were 

significant. 
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2. Materials and Methods 
  

2.1. Study Design 
 

2.1.1. Vehicle 
 

During the completion of this study, an Opel Corsa 2008 Hatchback motor vehicle was 

used to obtain WBV data at different averaging intervals. The seat was adjusted prior to 

data acquisition according to the driver’s personal preference. Only the volunteer and 

researcher were present in the vehicle during data collection. Roadworthiness was 

ascertained prior to the conduction of the survey in order to ensure driver and 

researcher safety. 

 

2.1.2. Participant 
 

A single consenting volunteer with a valid South African driver’s license operated the 

vehicle during data collection. The participant was required to comply with national road 

traffic laws which included wearing a seatbelt at all times and adhering to all road signs. 

Ethics approval for this study was granted by the University of Pretoria, Faculty of 

Health Sciences Research Ethics Committee and the participant gave his informed 

consent prior to participating in the study (Ethics Reference No.: 79/2013, refer to 

Annexure A). 

 

2.1.3. Test Route 
 

A preselected test route of approximately 4 km in distance was used in order to conduct 

the study. The route is situated in a quiet suburban area within the Tshwane municipal 

district, Gauteng, South Africa (Figure 2.1) and driving activities were only conducted 

during non-peak traffic hours. The route contained shocks produced by speed humps 

and made provision for random vibration exposure in the form of stopping and 

accelerating, uneven surfaces and road bends.  
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Each monitoring phase (approximately 30 minutes) comprised of three rounds 

(approximately 10 minutes each) of the route and three monitoring phases were 

measured per averaging period. During driving activities, the participant was instructed 

to maintain a driving speed of 40 km/h and to decelerate to 20 km/h before making 

contact with speed humps. In addition, the driver was instructed to stop at all stop signs 

and remain stationary for 2s before accelerating to 40 km/h. This was followed with a 

10s stop at the end of each round of the route and cessation of the monitoring phase 

once the vehicle came to a complete standstill at the end of the third round. Care was 

taken to ensure that acceleration and deceleration was performed smoothly and 

similarly for each subsequent action.  

 

 

 Uneven Road 

 Slightly Uneven Road 

 Stop Street 

 Traffic Circle 

 Speed Hump 
 

Figure 2.1. Route layout and major landmark positions on the selected test route 

 

2.2. Data Acquisition 
 

Data acquisition was performed by means of a three channel vibration monitor (Quest 

Technologies HavPro Human Vibration Meter) and a tri-axial Integrated Circuit 

Piezoelectric (ICP) accelerometer fitted in a flexible seat pad (Model 356B40; PCB 

Piezotronics; Depew, NY). Accelerometer calibration was performed by an external, 
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South African National Accreditation System (SANAS) accredited laboratory prior to 

data acquisition. The seat pad was mounted to the driver’s seat in accordance with the 

requirements of ISO 2631-1:1997 with the accelerometer interposed between the 

volunteer and the seat cushion.  

 

Vibration parameters were assessed at 1, 10, 30, 60 second and SLOW averaging 

intervals. 1, 10, 30 and 60 second averaging periods are linear repeat averaging 

periods during which data is combined and averaged for the time specific setting. 

SLOW averaging is a 1 second exponential detector, which discards the first part of the 

average as the next part is collected, therefore maintaining a moving average of the 

signal. SLOW averaging is used in order to obtain the Maximum Transient Vibration 

Value (MTVV).4 This value is used to assess vibration exposures when the Crest Factor 

(CF) exceeds 9 during vibration exposure monitoring, as stated in the ISO 2631-1:1997 

standard. 

 

Frequency weightings specifically assigned for assessing human health as a result of 

WBV exposure were used for the three different axes of vibration exposure. These 

included Wd for lateral and fore-aft; and Wk for vertical vibration directions. As further 

required by the standard, a scaling factor of 1.4 was assigned to horizontal vibration 

magnitudes. Upon completion of each monitoring phase, the data was downloaded from 

the human vibration monitor utilizing the QuestSuite Professional II software package. 

 

The algorithms for calculating the required WBV exposure parameters were 

automatically performed by the vibration monitor. Due to memory restrictions, the 

instrument is only capable of storing a total of 120 sample log points when axis-peak 

accelerations are also stored. The instrument does however have an auto store 

function, which ensures that the instrument automatically resets and collects a new set 

of data, therefore allowing multiple fragments of the same study. These fragments were 

joined utilizing the Formulae stipulated in the ISO 2631-1 standard. This was however 

only present at 1s, 10s and SLOW averaging settings. 
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2.3. Whole-Body Vibration Parameters 
 

The WBV parameters calculated and assessed during the study included: 

 

 The frequency-weighted root mean square acceleration (aw) for each axis of 

translational motion (x, y and z) on the supporting surface, measured in m/s2. 

 The Crest Factor (CF), defined as the ratio of the peak acceleration to aw. The 

CF is a dimensionless quantity used to assess the applicability of using aw when 

assessing WBV exposure. 

 The Peak acceleration, which is the maximum instantaneous acceleration during 

the measurement period. 

 The fourth power vibration dose value (VDV), used to assess WBV when the CF 

exceeds 9. The VDV is more sensitive to peaks than the basic evaluation method 

as it uses the fourth power of the acceleration time history as the basis for 

averaging.  

 

The equations for the calculation of aw and VDV are shown in Formulae (1) and (2) 

where aw(t) is the instantaneous frequency-weighted acceleration. Overall detailed 

assessment of vibration magnitudes were conducted utilizing the axis in which the 

highest level of frequency-weighted r.m.s. acceleration (including multiplying factors) 

was obtained as required by ISO 2631-1, but the vector sum was also utilized for 

additional comparison in certain cases. The Formula for calculating the vector sum for 

aw (awxyz), is shown in Formula (3). 

 

          √
 

 
∫      
 

 
  (1) 

     [∫ [  ( )]
   

 

 
]

 

 
  (2) 

       √                (3) 
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2.4. Statistical Analyses 
 

Statistical analyses were performed utilizing the Quest Suite Professional II in 

combination with Microsoft Office Excel 2007 and STATA 11 software packages. 

Statistical analyses were comprised of descriptive statistics, Shapiro-Wilk Normality 

testing, calculation of Levene’s robust test statistic for the equality of variances and 

hypothesis testing to identify significant differences which may exist between vibration 

parameters measured at different averaging intervals.  

 

Raw data obtained during the study was further filtered by means of a multivariate 

outlier detection method developed by Hadi9 utilizing the hadimvo function in STATA. All 

detected outliers were omitted from time-series data and vibration parameters were 

recalculated in order to obtain the filtered variable results. Data filtering was conducted 

in order to remove the effect of possible artefacts on logged data results. Hypothesis 

testing was conducted on post-filtered data to determine significant differences. Filtering 

was applied on aw, apeak and CF time-series data for the dominant axis in which maximal 

frequency-weighted r.m.s. acceleration was observed. Significance (α) was assessed at 

a level of p < 0.05. 
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3. Results 
 

3.1. Measurement Durations 
 

All measurement time periods are indicated in seconds. Actual measurement durations 

ranged from 1724s to 1810s (M = 1779S, SD = 22.71), while logged durations ranged 

from 1724s to 1800s (M = 1769s, SD = 25.46). As expected, descriptive statistics 

(displayed in Table 3.1) suggest slightly higher actual real-time total measurement 

periods (M = 1779, SD = 22.71) than logged time total periods (M = 1769, SD = 25.46). 

Both actual and logged time measurements showed normal distributions (p = 0.44 for 

real-time data and p = 0.89 for logged time data). Levene’s robust test statistic for equal 

variances (W0) between the selected averaging periods indicated a non-significant p-

value (p = 0.26) with regards to actual measurement times, but a significant p-value (p = 

0.04) for logged time durations, therefore suggesting unequal variance between the 

logged time durations for different averaging periods. Visual inspection of SDs for the 

different logged time durations indicated no variation in 60s averaging interval data. 

Upon omission of the averaging period from further statistical analysis, W0 showed a p = 

0.28, therefore suggesting equal variance for logged time durations between the 

different averaging periods (60s omitted). No significant differences were observed for 

logged-time periods between 1s, 10s, 30s and SLOW averaging approaches, F(3, 8) = 

0.46, p = 0.72. Similarly, no significant differences were found between the same 

averaging approaches relating to actual measurement periods, F(3, 8) = 0.61, p = 0.63. 

Differences between actual and logged time periods were also found to be non-

significant, F(1, 22) = 0.02, p = 0.88. These findings therefore fail to reject the null 

hypotheses for equal values between averaging approaches relating to logged and 

actual time periods, as well as similarity between logged and actual measurement 

periods (with 60s averaging omitted from the dataset). 
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Table 3.1: Descriptive statistics for actual and logged time periods (in seconds) 

 

N = Count 

M = Mean 

Min = Minimum 

SD = Standard Deviation 

Max = Maximum 

* “Total” refers to the combined dataset for all applicable averaging periods

 
Averaging Approach 

Statistic 1s 10s 30s 60s SLOW Total* 

Time Actual Logged Actual Logged Actual Logged Actual Logged Actual Logged Actual Logged 

N 3 3 3 3 3 3 3 3 3 3 15 15 

M 1767 1767 1775 1773 1794 1790 1784 1740 1773 1773 1779 1769 

Min 1724 1724 1750 1750 1771 1770 1770 1740 1761 1761 1724 1724 

SD 38.97 38.97 22.11 20.82 20.60 17.32 13.58 0.00 17.44 17.44 22.71 25.46 

Max 1800 1800 1792 1790 1810 1800 1797 1740 1793 1793 1810 1800 
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3.2. Raw Vibration Parameters 
 

Raw aw, instantaneous peak accelerations, CF and VDV measured on the seat pan 

within the vehicle are summarized in Table 3.2. Dominant frequency-weighted r.m.s. 

acceleration (a) occurred in the z-axis for all averaging approaches and ranged from 

0.563 (10s averaging) to 0.605 m/s2 (1s and 60s averaging) with an average of 0.582 

m/s2 (SD = 0.017). Maximal axis specific instantaneous peak accelerations (Amp) also 

occurred in the z-axis, ranging from 5.216 (SLOW averaging) to 8.653 m/s2 (60s 

averaging) with an average of 6.853 m/s2 (SD = 1.26). At least one axis per averaging 

period reflected a CF in excess of 9 in each of the averaging approaches, but differed in 

certain cases with regards to the axis in which it was observed. As expected, maximal 

VDV results were also found to be z-axis dominant, ranging from 6.020 (30s averaging) 

to 6.646 m/s1.75 (60s averaging) with an average of 6.227 m/s1.75 (SD = 0.197). Shapiro-

Wilk testing reflected nonparametric distributions for awz and VDVz (p = 0.015 and p = 

0.016 respectively). Similarly, the null hypothesis was also rejected for awy (p = 0.016) 

and awxyz (p = 0.013). 

 

W0 showed a p = 0.091 for awz, p = 0.73 for z-axis instantaneous peak acceleration and 

p = 0.78 for z-axis CF values, therefore indicating equal variances for the specific 

variables. The null hypothesis was however rejected for VDVz (p = 0.019), therefore 

indicating unequal variances between the assessed averaging approaches. VDVz 

results were converted to 8 hour equivalent exposure values, but the differences 

between variances were still significant (p = 0.04). Upon omission of 60s data however, 

differences between averaging periods with regards to variance was found to be non-

significant (p = 0.09).  

 

3.2.1. awz results 
 

Kruskal-Wallis one-way analysis of variance by ranks indicated significant differences (p 

= 0.02) for awz values between averaging approaches therefore indicating significant 

differences between averaging periods with regards to awz. Wilcoxon rank-sum post 

estimation revealed significant differences between 1s averaging and 10s, 30s and 
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SLOW averaging (z = 1.96, p = 0.05 in all cases). Significant differences were also 

found between 10s and 60s (z = -1.964, p = 0.05), 30s and 60s (z = -1.964, p = 0.05), 

30s and SLOW (z = -1.964, p = 0.05) and 60s and SLOW averaging (z = 1.964, p = 

0.05).  

 

3.2.2. CFz results 
 

Non-significant differences were found for CFz between averaging periods following 

Kruskal-Wallis hypothesis testing (p = 0.44).  

 

3.2.3. Z-axis instantaneous peak accelerations 
 

Z-axis instantaneous peak acceleration differences between averaging periods were 

found to be non-significant (p = 0.37). 

 

3.2.4. VDVz results 
 

After omission of 60 s averaging VDVz data, due to unequal variance caused by the 

averaging period, non-significant differences were found between the remaining 

approaches (p = 0.07). 

 

3.2.5. Vector sum results 
 

Vector sum aw results (Table 3.2) ranged from 0.620 (30s averaging) to 0.670 m/s2 (1s 

averaging) with M = 0.642, SD = 0.020. W0 showed a p = 0.19, therefore indicating 

similar variances. Shapiro-Wilk normality testing showed significant results (z = 2.24, p 

= 0.01), therefore indicating nonparametric data distribution. Kruskal-Wallis hypothesis 

testing showed significant differences between averaging periods (p = 0.02), with 

Wilcoxon post estimation testing delivering significant differences between the same 

averaging approaches as for awz.  
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Vector sum VDV results (Table 3.2) ranged from 6.062 (30s averaging) to 6.688 m/s2 

(60s averaging) with M = 6.275, SD = 0.199. Similar to VDVz, W0 showed a p = 0.02 

and upon omission of 60s data, p = 0.15, therefore indicating equal variances between 

averaging approaches (60s omitted). Kruskal-Wallis hypothesis testing showed p = 

0.07, therefore indicating non-significant differences between vector sum VDV results 

between averaging periods with 60s omitted. 
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Table 3.2: Descriptive statistics for obtained vibration parameters (raw data) at different averaging periods 
 
Averaging Approach awx awy awz awxyz Ampx Ampy Ampz CFx CFy CFz VDVx VDVy VDVz VDVxyz 

Unit m/s
2
 m/s

2
 (Not Applicable) m/s

1.75 

1 Second 
 M 0.218 0.189 0.600 0.666 1.781 1.897 6.753 8.177 10.053 11.280 2.508 2.075 6.370 6.426 

Min 0.212 0.186 0.590 0.659 1.719 1.756 5.657 7.550 9.320 9.350 2.439 2.018 6.328 6.385 

Max 0.228 0.192 0.605 0.670 1.859 2.134 8.264 8.760 11.140 14.010 2.618 2.142 6.426 6.476 

SD 0.008 0.003 0.009 0.006 0.071 0.207 1.352 0.606 0.960 2.431 0.096 0.063 0.051 0.046 

Range 0.015 0.006 0.015 0.011 0.140 0.378 2.607 1.210 1.820 4.660 0.178 0.124 0.098 0.091 

10 Second 
 

M 0.202 0.173 0.568 0.627 1.699 1.848 7.165 8.407 10.667 12.630 2.290 2.012 6.102 6.150 

Min 0.199 0.172 0.563 0.622 1.619 1.800 6.565 7.770 10.370 11.610 2.236 1.973 6.092 6.139 

Max 0.208 0.174 0.574 0.635 1.809 1.895 8.220 9.050 10.880 14.600 2.358 2.056 6.113 6.160 

SD 0.005 0.001 0.006 0.007 0.099 0.048 0.916 0.640 0.265 1.706 0.063 0.042 0.011 0.011 

Range 0.010 0.002 0.011 0.013 0.190 0.095 1.654 1.280 0.510 2.990 0.122 0.083 0.022 0.021 

30 Second 
 

M 0.191 0.174 0.566 0.622 1.540 1.882 6.638 8.070 10.800 11.740 2.150 2.045 6.053 6.097 

Min 0.189 0.172 0.564 0.620 1.477 1.709 5.506 7.810 9.930 9.710 2.103 1.973 6.020 6.062 

Max 0.194 0.176 0.567 0.624 1.572 2.181 8.468 8.300 12.500 15.020 2.196 2.103 6.111 6.151 

SD 0.003 0.002 0.002 0.002 0.055 0.260 1.600 0.246 1.472 2.867 0.047 0.066 0.050 0.048 

Range 0.005 0.004 0.003 0.004 0.095 0.472 2.962 0.490 2.570 5.310 0.093 0.130 0.090 0.090 

60 Second 
 

M 0.207 0.186 0.602 0.663 2.004 1.849 7.752 9.687 9.933 12.887 2.385 2.090 6.519 6.565 

Min 0.205 0.186 0.598 0.660 1.719 1.659 6.136 8.270 8.860 10.140 2.366 2.086 6.433 6.482 

Max 0.208 0.187 0.605 0.666 2.193 2.038 8.653 10.550 10.980 14.460 2.414 2.094 6.646 6.688 

SD 0.002 0.001 0.003 0.003 0.251 0.190 1.403 1.237 1.060 2.387 0.026 0.004 0.112 0.109 

Range 0.003 0.002 0.007 0.006 0.474 0.379 2.518 2.280 2.120 4.320 0.049 0.008 0.212 0.206 

SLOW 
 

M 0.197 0.175 0.576 0.633 1.778 1.612 5.957 9.000 9.190 10.363 2.275 2.001 6.092 6.139 

Min 0.192 0.174 0.569 0.625 1.619 1.517 5.216 8.440 8.510 8.980 2.230 1.978 6.069 6.114 

Max 0.201 0.178 0.581 0.640 1.905 1.659 7.296 9.560 9.540 12.830 2.309 2.035 6.114 6.164 

SD 0.005 0.002 0.006 0.008 0.145 0.082 1.162 0.560 0.589 2.141 0.041 0.030 0.023 0.025 

Range 0.009 0.004 0.012 0.015 0.286 0.142 2.081 1.120 1.030 3.850 0.079 0.056 0.045 0.050 

Combined Data * 
 

M 0.203 0.180 0.582 0.642 1.760 1.817 6.853 8.668 10.129 11.780 2.322 2.045 6.227 6.275 

Min 0.189 0.172 0.563 0.620 1.477 1.517 5.216 7.550 8.510 8.980 2.103 1.973 6.020 6.062 

Max 0.228 0.192 0.605 0.670 2.193 2.181 8.653 10.550 12.500 15.020 2.618 2.142 6.646 6.688 

SD 0.010 0.007 0.017 0.020 0.197 0.184 1.265 0.879 1.009 2.192 0.133 0.054 0.197 0.199 

Range 0.038 0.020 0.042 0.050 0.716 0.664 3.438 3.000 3.990 6.040 0.515 0.169 0.625 0.627 

 

N = Count   M = Mean   Min = Minimum   SD = Standard Deviation   Max = Maximum   awx, wy, wz = Axis-Specific RMS accelerations   Ampx, y, z = Axis-Specific Amplitudes   CFx, y, z = 

Axis-Specific Crest Factors   VDVx, y, z = Axis-Specific Vibration Dose Values  

* “Combined Data” refers to the combined dataset of all applicable averaging periods 
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3.3. Filtered Data  
 

3.3.1. Outlier to total log points ratio 
 
Utilisation of the hadimvo STATA function showed outlier to total original time-series log 

point ratios as shown in Table 3.3. Ratios ranged from 0.024 (SLOW averaging) to 

0.448 (60s averaging) with M = 0.132, SD = 0.129. Box-plots for total raw and filtered 

time-series awz results are shown in Figure 3.1. A high negative correlation (-0.65) was 

observed between the number of log points and the resulting outlier ratio, therefore 

indicating that outlier ratios decreased with an increase in the number of total log points.  

 

Table 3.3: Outlier to logged point ratios for WBV monitoring at different averaging 
periods 

 

Averaging period Number of Readings Number of Outliers Ratio 

1s 1800 63 0.035 

1s 1777 86 0.048 

1s 1724 96 0.056 

10s 175 8 0.046 

10s 178 6 0.034 

10s 179 12 0.067 

30s 60 17 0.283 

30s 60 15 0.250 

30s 59 14 0.237 

60s 29 13 0.448 

60s 29 7 0.241 

60s 29 4 0.138 

SLOW 1793 45 0.025 

SLOW 1761 42 0.024 

SLOW 1765 70 0.040 



 

16 
 

Figure 3.1: Box Plots for awz results obtained from raw and filtered time-series data 
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3.3.2. Filtered time-series awz and eVDVz results 
 

Filtered data results are tabulated in Table 3.4. Filtered awz results ranged from 

0.536 (30s averaging) to 0.574 (60s averaging) m/s2, M = 0.562 m/s2, SD = 0.013. 

Shapiro-Wilk normality testing showed a p = 0.002, therefore rejecting the null 

hypothesis for normally distributed data. W0 showed a p = 0.51, failing to reject the 

null hypothesis of equal variance between averaging approaches. Kruskal-Wallis 

one-way analysis of variance by ranks method showed a p = 0.03, therefore rejecting 

the null hypothesis that no differences between filtered averaging periods with 

regards to awz were present. Wilcoxon rank-sum post estimation revealed significant 

differences between all averaging approach pairings, except for 1s and 60s (z = -

0.218, p = 0.83); 10s and 60s (z = -1.528, p = 0.13); and 10s and SLOW (z = -0.655, 

p = 0.51). All other pairings showed a p = 0.05. 

 

eVDVz results ranged from 4.470 (60s averaging) to 5.149 (1s averaging) m/s2 with 

M = 4.918 m/s2, SD = 0.254. Data distribution was found to be nonparametric (p = 

0.002) with unequal variances (p = 0.004), which, upon omission of 60s averaging 

data, showed a p = 0.49, therefore failing to reject the null hypothesis of equal 

variances between averaging periods (60s omitted). Kruskal-Wallis hypothesis 

testing on the remaining averaging approaches showed a p = 0.03, therefore 

rejecting the null hypothesis that eVDVz results were similar between averaging 

approaches. Wilcoxon post estimation only showed non-significant p-values between 

1s and SLOW averaging (z = 1.091, p = 0.28); and 10s and SLOW averaging (z = -

1.528, p = 0.13). As observed with raw data VDVz results, significant pair differences 

for filtered averaging approaches showed a p = 0.05 in all cases.   
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Table 3.4: Descriptive statistics for obtained vibration parameters (filtered data) at different averaging periods 
 
 

Averaging Approach awx awy awz Ampx Ampy Ampz CFx CFy CFz eVDVx eVDVy eVDVz 

Unit m/s
2
 m/s

2
 (Not Applicable) m/s

1.75
 

1 Second 
 M 0.214 0.187 0.572 1.749 1.897 4.236 8.170 10.123 7.407 1.923 1.680 5.129 

Min 0.208 0.185 0.569 1.668 1.756 4.110 7.610 9.380 7.170 1.845 1.674 5.096 

Max 0.226 0.189 0.574 1.859 2.134 4.398 8.860 11.270 7.670 2.041 1.685 5.149 

SD 0.010 0.002 0.003 0.099 0.207 0.147 0.635 1.007 0.251 0.103 0.006 0.028 

Range 0.018 0.004 0.005 0.191 0.378 0.288 1.250 1.890 0.500 0.195 0.011 0.053 

10 Second 
 M 0.203 0.174 0.564 1.699 1.848 4.462 8.357 10.603 7.910 1.825 1.563 5.059 

Min 0.200 0.173 0.558 1.619 1.800 4.398 7.750 10.390 7.850 1.800 1.550 5.029 

Max 0.209 0.175 0.568 1.809 1.895 4.543 8.990 10.830 8.000 1.870 1.577 5.081 

SD 0.005 0.001 0.005 0.099 0.048 0.074 0.620 0.220 0.079 0.039 0.014 0.027 

Range 0.009 0.002 0.010 0.190 0.095 0.145 1.240 0.440 0.150 0.070 0.028 0.052 

30 Second 
 M 0.188 0.178 0.539 1.540 1.786 4.121 8.183 10.033 7.650 1.591 1.502 4.555 

Min 0.186 0.172 0.536 1.477 1.422 4.055 7.960 8.280 7.560 1.575 1.441 4.498 

Max 0.190 0.182 0.544 1.572 2.181 4.200 8.310 12.160 7.830 1.605 1.543 4.614 

SD 0.002 0.005 0.004 0.055 0.380 0.073 0.194 1.967 0.156 0.015 0.054 0.058 

Range 0.004 0.010 0.008 0.095 0.759 0.145 0.350 3.880 0.270 0.030 0.102 0.115 

60 Second 
 M 0.209 0.190 0.571 1.876 1.833 5.237 8.980 9.673 9.167 1.738 1.575 4.749 

Min 0.205 0.185 0.567 1.719 1.610 5.022 7.930 8.610 8.760 1.688 1.538 4.470 

Max 0.217 0.197 0.574 2.100 2.038 5.417 10.180 11.040 9.440 1.797 1.608 4.939 

SD 0.006 0.007 0.004 0.199 0.214 0.200 1.132 1.243 0.359 0.055 0.035 0.247 

Range 0.012 0.013 0.007 0.381 0.428 0.395 2.250 2.430 0.680 0.109 0.070 0.470 

SLOW 
 M 0.196 0.175 0.565 1.778 1.612 4.073 9.067 9.190 7.207 1.766 1.582 5.097 

Min 0.190 0.174 0.560 1.619 1.517 4.011 8.500 8.520 7.150 1.724 1.566 5.070 

Max 0.199 0.178 0.568 1.905 1.659 4.155 9.610 9.550 7.310 1.787 1.600 5.115 

SD 0.005 0.002 0.005 0.145 0.082 0.074 0.555 0.581 0.090 0.036 0.017 0.024 

Range 0.009 0.004 0.008 0.286 0.142 0.144 1.110 1.030 0.160 0.063 0.034 0.045 

Combined Data * 
 M 0.202 0.181 0.562 1.728 1.795 4.426 8.551 9.925 7.868 1.769 1.580 4.918 

Min 0.186 0.172 0.536 1.477 1.422 4.011 7.610 8.280 7.150 1.575 1.441 4.470 

Max 0.226 0.197 0.574 2.100 2.181 5.417 10.180 12.160 9.440 2.041 1.685 5.149 

SD 0.011 0.007 0.013 0.158 0.212 0.455 0.714 1.101 0.738 0.123 0.065 0.254 

Range 0.040 0.026 0.037 0.623 0.759 1.406 2.570 3.880 2.290 0.465 0.244 0.679 

 

N = Count   M = Mean   Min = Minimum   SD = Standard Deviation   Max = Maximum   awx, wy, wz = Axis-Specific RMS accelerations   Ampx, y, z = Axis-Specific Amplitudes   CFx, y, z = Axis-Specific 

Crest Factors   eVDVx, y, z = Estimated Axis-Specific Vibration Dose Values  

* “Combined Data” refers to the combined dataset of all applicable averaging periods 
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3.4. Filtered Data vs Raw Data 
 

eVDVz and awz results were compared between filtered and raw data parameters. 

Data distribution for the two parameters were nonparametric (p = 0.004 and p = 0.01 

respectively). W0 for eVDVz showed a p = 0.01, therefore indicating unequal 

variances between filtered and raw eVDVz results. Omission of 60s data showed a   

p = 0.76, therefore indicating non-significant differences in variances between filtered 

and raw data eVDVz (60s omitted). W0 for awz results showed a p = 0.08, therefore 

indicating non-significant differences in variances in variances between filtered and 

raw awz results. 

 

Both eVDVz (60s data omitted) and awz (for all averaging periods) showed significant 

p-values during Wilcoxon signed-rank testing (p = 0.0001 and p = 0.01), therefore 

indicating significant differences between raw and filtered datasets.  
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4. Discussion 
 

4.1. Summary of Findings 
 

4.1.1. Logged data findings 
 

Measurement durations pertaining to the data collection process were divided into 

real- and logged time durations. The selected averaging interval integrates sets of 

data equal to its time constant. Due to this, a portion of the data at the end of the 

monitoring phase will be lost if the amount of time is not sufficient to be integrated. 

This effect was observed at 60s averaging logged-time results, which differed 

significantly from other averaging approaches with regards to its variance. This effect 

resulted in data loss ranging from 30 to 44 seconds for different 60s averaged 

monitoring periods. No significant differences were observed between averaging 

approaches (including 60s averaging) with regards to actual data collection periods. 

 

The first hypotheses of the study focused on possible differences between averaging 

periods with regards to logged measurement times (H1) and whether these differed 

from actual measurement time periods (H2). 60s averaging was omitted from 

hypotheses testing due to the observed impact it has on variance between averaging 

approaches. The null and alternative hypotheses are stated below:  

H0: There is no difference between averaging periods with regards to the 

measurement period (whether actual or logged times). 

H1: There is a significant difference between averaging periods with regards to 

logged and actual time periods (60s omitted). 

H2: There is a significant difference between actual and logged time periods for the 

datasets (60s omitted).  

 

One-way ANOVA assumes equal variances and a Gaussian distribution of data. 

Therefore, One-Way ANOVA testing was carried out on remaining averaging periods 

from the original dataset. 
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Hypothesis testing resulted in a failure to reject the null hypotheses for differences 

between averaging intervals with regards to logged and actual measurement periods 

(60s averaging omitted). Similarly, the difference between actual and logged time 

periods were found to be insignificant, therefore indicating equal measured and 

logged time periods after omission of 60s averaging time results. 

 

4.1.2. Raw vibration parameters 
 

The ISO standard stipulates that the dominant axis may be used to compare WBV 

exposures to statutory limits. If no dominant axis is present, the vector sum may be 

used in order to evaluate exposure.4 Maximal WBV was obtained in the z-axis of 

translational movement and as such, data obtained from this specific axis was 

assessed along with the obtained vector sum parameters.  

 

The obtained raw vibration parameter results were tabulated in Table 3.2 in order to 

provide a detailed view of the descriptive statistics for each of the used averaging 

interval datasets. This is standard practice in Occupational Hygiene report writing 

when WBV assessments are performed. 

 

The hypotheses relating to the raw data obtained during data acquisition focused on 

differences in vibration parameters between averaging approaches. Due to the 

nonparametric nature of data distribution and similar variances for awz, z-axis peak 

accelerations, z-axis CF and VDVz (60s omitted), the Kruskal-Wallis one-way 

analysis of variance by ranks method was used to test for differences between 

averaging periods relating to z-axis vibration parameters. The null and alternative 

hypotheses can therefore be defined as: 

 

H0: There is no difference in any single vibration parameter between different 

averaging intervals. 

 

H1: There are significant differences between averaging approaches with regards to 

vibration parameters. 
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Data obtained from 60s and 1s averaging approaches differed significantly from the 

remaining averaging periods. The same effect was also observed between 30s and 

SLOW averaging approaches.  

 

The elevated WBV exposure results obtained from 60s averaging may be attributed 

to the loss of data during the acquisition phase. This loss in data occurred shortly 

after periods of high shocks generated by speed humps, which resulted in higher awz 

compared to other averaging approaches.  

 

For 1s averaging, the main contributing factor for elevated awz may be attributed to 

the short linear integration period. This short period resulted in a higher sensitivity to 

peak exposure data, therefore resulting in higher instantaneous frequency-weighted 

accelerations (aw(t)) in certain sections. An increase in aw(t) data furthermore 

resulted in an increase in awz.  

 

The difference observed between 30s and SLOW averaging may be attributed to the 

different integration methodologies used to calculate aw(t) and also the great 

difference in the integration period duration. As previously discussed, SLOW 

averaging is used during the running RMS method in order to obtain the MTVV and 

is only recommended in situations where the Crest Factor exceeds 9. What makes 

the averaging approach unique is the fact that it makes use of a 1 second 

exponential detector that maintains a moving average of the obtained results. The 

resultant aw(t) results are then used in order to calculate MTVV, which is defined as 

the highest magnitude of aw(t) read during the measurement period. The standard 

states the following in relation to aw(t) results in relation to linear approaches, “The 

difference in result is very small for application to shocks of a short duration 

compared to (t), and somewhat larger (up to 30%) when applied to shocks and 

transients of longer duration.”4 This therefore indicates that a greater difference will 

be observed for exposure results as the duration of shock periods compared to the 

integration interval increases. 

 

CFz and z-axis instantaneous peak acceleration results showed non-significant 

differences (p = 0.44 and 0.37 respectively). This may in part be attributed to the fact 

that both the CF and instantaneous peak acceleration calculations make use of 



 

23 
 

highly variable peak values which are not dependant on the integration period used. 

This therefore results in highly variable CF levels for which significant differences 

could not be ascertained due to increased variances between averaging period 

results.  

 

VDVz differences were found to be non-significant (p = 0.07) after omission of 60s 

averaged VDVz results. The insignificant differences obtained between different 

averaging approaches may be due to two factors, namely the measurement 

duration, as well as the sensitivity of the algorithm to shocks obtained during the 

measurement period, resulting in greater variability within specific averaging 

approaches.  

 

The VDV algorithm accumulates instantaneous frequency-weighted accelerations as 

time increases and should therefore deliver similar results for all averaging intervals 

where similar conditions and logged time periods prevail. The non-significant 

differences obtained for logged and actual measurement periods (60s omitted), 

therefore indicates that similar VDV results should prevail. However, due to the fact 

that the VDV algorithm is more sensitive to shock data due to the use of a fourth 

power relationship4,5 , a higher variance in VDV data is possible when compared to 

aw. This increase in variance was observed between awz and VDV results and 

resulted in non-significant differences between averaging periods (60s omitted). 

 

Vector sum vibration results showed similar differences as those obtained for 

dominant axis vibration and may be attributed to the same reasons as explained. 

 

4.1.3. Filtered data 
 

Data filtering was considered as a means to decrease the differences observed 

between averaging periods, by removing outlying artefacts from logged data results. 

Outlier detection (data filtering) resulted in a high negative correlation between total 

log points and the resulting outlier ratio of the data, therefore indicating a decrease in 

outliers with an increase in the total amount of log points. This effect resulted in 

maximal data loss of 44.8% for 60s averaging, compared to data loss of only 4% for 

SLOW averaging. 
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An issue associated with WBV data filtering is during calculation of the VDV. The 

VDV algorithm makes use of instantaneous acceleration data and increases as the 

logging period increases as shown in Formula (2) of section 2.3. Removing outlying 

data removes integrated portions of instantaneous acceleration data not displayed 

by the instrument, therefore making it impossible to calculate the VDV for the filtered 

dataset.  As such, it is therefore recommended that data filtering only be applied to 

scenarios where the CF < 9 and only maximal aw is required for comparison to 

exposure limit values. For comparative reasons, the estimated z-axis vibration dose 

value (eVDVz) was calculated for filtered time-series data utilizing Formula (4).  

 

                  
 

   (4) 

 

The resulting effect of data filtering showed slightly significant differences (p = 0.05) 

between the majority of averaging period pairings, with the exception of 1s and 60s; 

10s and 60s; and 10s and SLOW.  

 

4.1.4. Comparison between Filtered and Raw data 
 

The final hypothesis of the study related to the similarity between raw and filtered 

data frequency weighted awz and eVDVz results. The Wilcoxon signed-rank test was 

used to determine significant differences between filtered and raw data parameters. 

The null and alternative hypotheses can be stated as: 

 

H0: There is no difference between raw and filtered data parameters with regards to 

either awz and eVDVz results. 

 

H1: Raw and filtered datasets differ with regards to awz and eVDVz results. 

 

Comparison between filtered and raw eVDVz and awz, furthermore revealed 

significant differences between averaging periods for the selected parameters. 

Significant differences were therefore still present between averaging intervals 

following data filtering and as such a conclusion regarding a suitable approach could 

not be determined. 
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4.1.5. General discussion 
 

The study investigated the effect of different averaging intervals on WBV exposure 

parameters of a driver travelling on a fixed route. To our knowledge, this was the first 

study demonstrating the effects of different averaging approaches on WBV exposure 

results utilizing the Quest HavPro vibration monitor. Identified studies utilizing the 

HavPro equipment consisted mainly of exposure assessments and either made no 

mention of the utilized averaging approach or only assessed exposures utilizing a 

single averaging approach.10-12 Studies where uncertainties pertaining to WBV 

exposure assessments were documented, focused on factors such as operator work 

methods, variations in the characteristics and condition of various machines of the 

same kind, difference in travelling surfaces, uncertainties in the evaluation of 

exposure durations and systematic errors due to measurement equipment.2,3,13 

These studies however, did not make use of HavPro equipment and did not 

ascertain the effect of integration intervals on WBV exposure data. 
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4.2. Study Limitations 
 

Design issues present one of the main limitations of the study. Due to the fact that 

data acquisition was performed on a “real world” fixed route, differences relating to 

random vibration exposure could not be controlled. Additionally, although 

disturbances caused while driving the route, i.e. traffic, were controlled as far as 

possible by driving during non-peak traffic hours, the presence of other vehicles on 

the road may have caused slight differences in the obtained WBV data. The study 

was also limited to a single piece of equipment and as such, the same effect could 

not necessarily be generalized and made applicable to all vibration monitoring 

equipment. 

 

Another issue was the selected sample size. A larger sample would have allowed for 

more powerful analyses of hypotheses at which non-significant differences were 

obtained. This is especially the case when looking at VDV results. Due to increased 

variance observed within averaging approach groups caused by the fourth power 

relationship of the VDV algorithm, significant differences could not be ascertained. 

 

Our study furthermore only focused on a single outlier detection method and did not 

compare several methods in order to determine a suitable averaging approach. 

Several outlier detection and time series smoothing methodologies exist which may 

deliver suitable results. 

 

4.3. Opportunities for Future Research 
 

Confidence in the results obtained during the study could be strengthened by 

measuring WBV parameters during highly controlled simulated activities, such as 

with ICP accelerometer calibration shakers. It is however important that shocks be 

introduced at the exact same time periods, due to the observed effects associated 

with logged time periods for different averaging intervals. Furthermore, more 

research should be conducted on the effects of time-series outlier detection or 

smoothing techniques to determine a suitable averaging approach for WBV 

assessment. Future studies could also focus on other human vibration monitors and 

whether the same effects are observed during measurement of WBV.   
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5. Conclusion 
 

The study identified certain critical aspects relating to the effects associated with 

integration intervals on WBV results. 60s averaging showed the highest 

inconsistencies relating to WBV exposure due to its greater integration interval which 

may lead to the omission of large portions of data if the proper sampling time is not 

applied. If not properly accounted for, these inconsistencies may result in the 

reporting of erroneous data. Further research is therefore required to select proper 

data filtering approaches to minimize differences caused by selecting multiple 

integration intervals. 
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Executive Summary 
 
 

Biodynamic and epidemiological studies have given evidence for an increased risk of 

health effects due to long-term, high intensity whole-body vibration (WBV) exposure. 

The problem however exists in the comparison of vibration exposure at a specific 

magnitude with specific health outcomes. Two well-known standards currently exist 

for the quantification of vibration with regards to whole body exposure, namely BS 

6841 (1987) and ISO 2631-1 (1997). The problem with the ISO standard however is 

that a specific averaging period is not defined for measuring WBV. This is 

problematic, because it may result in the reporting of different whole body vibration 

levels for the same exposure. SLOW averaging is defined as an exponential time 

constant compared to the other linear time constant averaging periods. Furthermore, 

the length of the averaging period may play a role in masking the actual vibration 

dose experienced. The aim of the study is to determine whether significant 

differences exist between different averaging periods for frequency-weighted 

acceleration RMS values. Sampling will be conducted utilising a HAVPro vibration 

meter equipped with a triaxial accelerometer specific for seat transmitted vibration 

exposure. A standard sedan motor vehicle will be used on a route of approximately 

4km in distance in the Tshwane municipal area. Three 30 minute samples comprising 

of three cycles of the course, will be taken for each of the five identified averaging 

approaches. A primary outcome of the project will therefore be to determine if a need 

exists to define a specific averaging approach to evaluate a driver’s whole-body 

vibration exposure level. 
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1. Introduction  

 

It is stated in annexure B of the international standard ISO 2631-1 that biodynamic 

and epidemiological studies have given evidence for an increased risk of health 

effects due to long-term, high intensity whole-body vibration (WBV) exposure. WBV 

therefore seems to follow a dose-response relationship. Sufficient data however 

does not exist to indicate a quantitative relationship between vibration exposure and 

health effects.1 

 

Even though WBV exposure can’t yet be quantitatively compared to certain health 

outcomes, several health effects have been discovered. As the name implies WBV 

affects the entire body, with outcomes ranging from discomfort to decreased 

performance to health outcomes including musculoskeletal, digestive, auditory, 

cardiac, neurological and vascular disorders.2 

  

Two well-known standards currently exist for the quantification of vibration with 

regards to whole body exposure, namely BS 6841 (1987) and ISO 2631-1 (1997).2,3 

Although the BS standard was originally developed as an exclusively British 

standard, its use has spread worldwide, sometimes even in preference to the ISO 

standard. Recently, the use of the ISO method became the preferred standard to 

evaluate WBV in Britain.2,4 

 

Both of the standards require tri-axial acceleration measurements to be taken on the 

seat pan by means of an accelerometer fixed in a 20cm diameter semi-rigid disc as 

specified by the Society of Automotive Engineers (SAE pad) which is placed on the 

seat pan.1,2,5 Acceleration signals are then passed through a tri-axial accelerometer 

which is stimulated in three axes, namely x, y and z. The axes represent the possible 

directions of movement for a complex stimuli in relation to the body, anterior-

posterior (defined as the x-axis), laterally (defined as the y-axis) and superior-inferior 

(defined as the z-axis). Once the accelerometer is stimulated the signal is amplified, 

conditioned according to the set frequency weighting, required calculations made 

and the results displayed on the instrument.2 
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The frequencies of the acceleration signals are weighted to provide the correct 

sensitivity for a specific sample population’s bodily response to vibration at defined 

frequencies (the specific weightings differ according to the standard in use). For ISO 

2631-1 the weightings set are Wd, Wd and Wk (all with an equal frequency range of 

0.5-80 Hz) for the x, y and z-axes respectively. Figure 1.1 shows the weightings 

applied to different factors including those for ISO 2631-1.1,2,5 In addition to the 

frequency weighting, ISO 2631-1 further requires that a scaling factor be applied to 

each of the axes (x-axis, k=1.4; y-axis, k=1.4; z-axis, k=1.0).1,2,5 The scaling factor is 

used for health risk assessment purposes at the specified frequency weightings as 

defined in the standard.1,2,6 

 

 

 

 

 

 

 

Vibration in its essence is defined as a movement that oscillates around a fixed 

point. Therefore, the mean value of a vibration signal will be zero as all the 

positive values cancel out the negatives as it completes a number of cycles for 

all the expressed frequencies.1,2 This means that the magnitude of the signal 

can’t be expressed through the mean. Utilising the Root-Mean-Square (RMS) for 

the vibration signal alleviates this problem by squaring each value in the signal, 

taking the mean and finally taking the square root of the final value. The RMS 

Figure 1.1: Frequency weighting curves as 
used by BS 6841 and ISO 2631-1. Vertical 
vibration: Wb (-O-) and Wk (-x-); horizontal 
vibration: Wd ( __)2. 
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forms the basis for all data evaluation for health risk assessment purposes 

according to ISO 2631-1. Mathematically, the RMS can be expressed as:  

 

         √
 

 
∫    
 

 

( )   

Where: 

 aw r.m.s is the frequency-weighted RMS acceleration 

 T is the measurement duration  

 aw(t) is the frequency-weighted acceleration at time t 

 

No proposed averaging period for RMS is currently defined in ISO 2631-1 and this 

will form the basis of the proposed study.1,2,6 Vibration monitors are capable of 

sampling at a magnitude of different frequency-weighted acceleration averaging 

periods at which RMS is calculated. The problem arises especially when dealing with 

SLOW averaging versus all other averaging periods.  SLOW averaging is an 

exponential time constant which starts with a 1 second average and as time passes, 

discards the first part of the average as the next sample is taken. In contrast, the 

other averaging time constants are linear and all previously collected data is 

disregarded with each subsequent sample collected.7 The exponential and linear 

averaging approaches therefore may produce different values, especially during 

random vibration exposure as the acceleration data at a specific time may be 

incorporated into the total RMS acceleration in such a way that the actual exposure 

may be masked. 

 

Another factor that has to be taken into account is the crest factor. It can be 

mathematically defined as the ratio of the peak acceleration to the RMS. The crest 

factor is significantly influenced by random, sudden force designated as shocks. It is 

calculated to determine whether RMS can be used as an appropriate evaluation 

tool.1,2 ISO 2631-1 defines that a crest factor in excess of 9 requires the assessor to 

utilise additional measures to assess the risks involved. These measures include 

calculating the vibration dose value (VDV) and the maximum transient vibration 

value (MTVV).1 The crest factor will therefore be an important factor to consider 

during data evaluation. 
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2. Hypothesis 

 

The hypotheses for the study are:  

1) The different averaging approaches will result into significantly different 

individual axis and total sum RMS values for whole body vibration monitoring,  

2) The different averaging approaches will influence the crest factor 

 

3. Aims and objectives 

 

The aim of the study is to determine whether significant differences exist between 

different averaging periods for frequency-weighted acceleration RMS values for WBV 

exposure. The objectives to determine the aim of the study will consist of:  

1)  Determining the total sum and individual sum averages and how they relate to 

the specific averaging period selected. 

2)  Determining the crest factor related to the preselected averaging periods and 

how they relate to different averaging periods. 

 

4. Methods  

 

4.1 Study design 

 

A controlled experimental design will be implemented to determine the effect different 

acceleration averaging periods have on the RMS value at SLOW, 1s, 10s, 30s, 60s 

averaging periods. 

 

 

 

 

 

4.2 Study setting 

 

The study setting will comprise of a course selected on a municipal road in Tshwane 

of approximately 4km in length. The course will contain shocks produced by speed 
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humps and will make provision for random vibration exposure in the form of stop 

streets, uneven surfaces and road bends. 

 

 

4.3 Study population and sampling 

4.3.1 Study population 

 

As the study design is not focused on sampling a specific population at risk of 

contracting health outcomes, there will not be a study population but rather a 

controlled study setting. A single participant, acquainted with the investigator, will be 

recruited to aid in the conduction of the study by driving the vehicle. The participant is 

a mechanical engineer and a previous student of the University of Pretoria who is 

knowledgeable in the field of vibration. 

 

4.3.2 Sampling methods and approach 

 

Sampling will be conducted according to the standards set out in ISO 2631-1 utilising 

a properly calibrated Quest Technologies HAVPro vibration meter with a fitted 

Triaxial accelerometer fitted in a vibration seat plate (SAE pad) (Quest Technologies, 

S/N: 1140). The SAE pad will be correctly placed on the seat of the driver according 

to the designated axis’s (x,y and z) indicated on the pad and will sample the whole 

Figure 4.1. Proposed Study Setting for the research project. 
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body vibration exposure experienced during the sampling process. The vehicle will 

be driven through the course in the exact same manner and time to complete each 

round for each of the averaging periods. Whole-body vibration measurements will be 

taken at the following averaging periods: SLOW, 1s, 10s, 30s, 60s. These averaging 

periods form part of the standard settings of the vibration monitoring equipment and 

are preselected prior to a sample being taken. The inclusion of the selected 

averaging periods is based on the available settings for the vibration monitoring 

equipment and includes the non-linear SLOW averaging period together with linear 

averaging periods as defined by the time constant. A total of three 30 minute samples 

will be taken at each of the five specified averaging periods, with each sample 

comprising of three cycles of the course. 

 

5. Data Management and Analysis  

 

Numerical data captured by the vibration instrument will be downloaded using a 

personal computer with the data management program of the vibration meter.  

Mathematical calculations of the captured data will be done with the aid of the 

QuestSuite Professional II software package. Management of data will be done 

through the utilisation of Epidata and analysis will be conducted by making use of 

the STATA software package.  

 

Data analysis will comprise of descriptive statistics in the form of means, medians, 

ranges, quartiles, minimums, maximums, standard deviation, variance and 

skewness. Furthermore data will be graphically displayed in box-plots, histograms 

and normality probability distribution graphs. In addition to the above, the Bland-

Altman method will be used to determine the agreement among the different 

averaging periods. 

Hypotheses testing will comprise of one way analysis of variance (ANOVA) testing to 

determine whether a significant difference does exist between data obtained from 

different averaging periods. Furthermore, Bonferroni normalization testing will be 

performed to determine whether any significant differences exist between specific 

averaging periods. 

 

6. Ethical and legal considerations 
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There are no ethical considerations. All required measures will be taken to ensure 

that the driver complies with the set road traffic rules of South Africa during sampling 

procedures. A roadworthy vehicle will be used and the driver will at all times be 

required to wear a seatbelt while the vehicle is in motion. Conformance with regards 

to traffic signs and speed limits will be non-negotiable. The route on which the 

vehicle will be driven is located within a quiet suburban area within the Tshwane 

Municipal District and the sampling process will only be conducted during times of 

minimal traffic (Saturdays and Sundays from 05:00 to 07:00). 

 

The participant who will assist the investigator in the conduction of the study is a 

mechanical engineer with a valid South African driver’s licence who is 

knowledgeable in the field of vibration. No remuneration will be offered to the 

participant and consent will be granted by completing the patient information leaflet 

and consent form. 

 

7. Logistics and time schedule 

 

7.1 Project team 

 

The project team will be comprised of: 

1) The investigator and field worker, Duane Bester, who will be responsible for 

the data collection, management and statistical analysis, and the writing of the 

research dissertation, 

2) The supervisor, Dr. Nico Claassen, will assist the investigator in all aspects 

with regards to academic mentoring and study progression, 

3) The statistician, Dr Steve Olorunju, will assist the investigator with regards to 

the correct statistical methods required for the study and the statistical 

analysis of the obtained data. 
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7.2  Project management time table 

     

Table 1: Gantt chart indicating planned activities to complete project 

 

Activity M
a
r-

1
3

 

A
p
r-

1
3

 

M
a
y
-1

3
 

J
u
n
-1

3
 

J
u
l-
1
3

 

A
u
g
-1

3
 

S
e
p
-1

3
 

Literature review and 
compiling of report 

       Protocol approval               

Ethics               

Data capturing               

Data analysis               

   

 

8. Budget 

 

The total cost of the study will be personally funded by the investigator. The 
proposed budget is indicated in Table 2. 
 

Table 2: Proposed budget for research project. 

Expenditure Unit price Total units required 
Total 
expense 

Personal costs       

Travel expenses R2.42/km 180 R    435.60 

Communication  R1.40 per minute 20 R      28.00 

Administrative costs       

Printing costs  R500.00 1  R    500.00 

Total     R    963.60 
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