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Abstract. In a labour intensive sector, some of the factors in the work environment which impact
the health of vehicle operators include: Whole-Body Vibration (WBV) and Hand-Arm Vibration
(HAYV). The vibrations transferred from the dumpers are harmful to the operators; hence a study
was carried out to measure the vibration from dumpers and its effect on operators in Indian
opencast mines. Dumper is a vehicle designed to transport bulk material and used extensively in
the construction and mining industries. For the measurement, dumpers with the different
capacities were selected from the opencast mines. Vibration measurements were carried out in
accordance with ISO 5349-1 for the measurement of HAV and ISO 2631-1 for the measurement
of WBV. The obtained WBV exposure result shows that the problem of musculoskeletal disorder
was significantly higher with respect to VDV(8) (69 %) in the exposed population as compared to
A(8) r.m.s. acceleration (46 %). Moreover different capacity dumper vehicle hand transmitted
vibration through steering wheel, A(8) r.m.s. acceleration observed in the range of
1.91 m/s?-4.28 m/s?. As per EU DIRECTIVE 2002/44/EC, specified Exposure Action Value
(EAV) 71 % measured A(8) value falls within EAV limit. However, despite of the result operator
experience problem of hand arm vibration syndrome. Hence there is a need of ergonometric deign
enhancement on dumpers vehicle’s seat and steering wheel.
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1. Introduction

Ever increasing demand for energy resources in India warrants for productivity enhancement
in the mining sector. This often results in prolonged working hours for operators of machines and
equipment’s causes health-related issues due to whole body vibration (WBV) and Hand Arm
Vibration (HAV). The heavy earth moving equipment operators in the mining operations are
exposed to significant higher level of vibration and shocks for an extended period of time. These
vibrations are harmful and cause discomfort for the operators. Across the world, numerous
epidemiological studies were carried out and documented the effects of high vibration exposure
among the operators of Load haul dumper, Front end loader, Dozer, Excavator and Dumper [1-5].
In this regard many international standards have been established to investigate the occupational
health and safety issues to regulate the human vibration measurement procedure and reporting.
Among these, ISO 2631-1 (1997) [6] and ISO-5349-1 are well known measurement procedures
for WBV and HAV [7] measurements respectively. Dumpers are mainly used for transportation
of minerals, coals and other bulk materials in the mining and construction industries. In the mining
industry, dumpers are used extensively throughout the day without stoppage; hence there is a
strong need to reduce vibration exposure on the operators. Past studies revealed that WBV
exposure is influenced by vehicle maintenance, age of the vehicle, vehicle capacity; design of seat
suspension and terrain profile [8-11].

In South Wales, Wolfgang and Burgess-Limerick [12] measured WBV from dumpers with the
capacity ranging from 136 ton to 290 ton, r.m.s. acceleration in the range of 0.27 m/s? to 0.74 m/s>.
Similar study was conducted by Kumar [13] where the dumper’s capacity ranged from 240 ton to
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320 ton observed greatest mean weighted r.m.s. acceleration in the range of 0.37 m/s? to
11.73 m/s?. On the aspect of topography in Netherlands mines, Noorloos [14] measured WBV
amplitudes associated with a range of mining equipment’s including dumper observed mean
weighted r.m.s. acceleration 0.42 m/s?. In Contrast A. P. Vanerkar [3] conducted WBYV study on
metalliferous mines i.e., Bauxite, and Iron ore mines with four different HEMM vehicles which
include dumper, Dozer, Shovel, and Drill. The study results indicated that there is no significant
effect on the type of mine but are dependent on the working condition and type of HEMM
employed in operation. However, as far as author’s knowledge concern, there are no studies have
been done to assess the HAV exposure on hand-arm through steering wheel to the operator during
dumper operation. This type of HAV exposure negatively impacts the productivity and efficiency
of the operator.

In this respect, the present study investigates the relationship between induced vibration levels
from different capacity dumper in Indian terrain. Based on vibration severity useful
recommendations for dumper operator are suggested.

2. Method
2.1. Selection of vehicles

The study was conducted in Indian mines where dumpers are used to transport ore and
overburden. The measurements were taken using seven dumpers with the capacities ranging from
35 ton, 60 ton and 100 ton. Selection of vehicle was based on availability and vehicle condition
on the aspect of maintenance frequency. In this study the dumpers were selected with minimum
maintenance frequency of 3 in a year. Vehicle design features are presented in Table 1.

Table 1. Specification and vehicle history

Vehicle Capacity Maintenance Vehicle age Max. working Material

(ton) frequency/year (year) hours/day handled
Dumper #1 35 6 3 14 Mineral/Overburden
Dumper #2 35 5 5 9 Mineral/Overburden
Dumper #3 35 6 6 12 Mineral/Overburden
Dumper #4 60 4 5 10 Mineral/Overburden
Dumper #5 60 3 2 9 Mineral/Overburden
Dumper #6 100 7 6 13 Mineral/Overburden
Dumper #7 100 3 2 9 Mineral/Overburden

2.2. Selection of vehicle operators

Five dumper operators (all male) who volunteered to participate with mean age of 33 years,
average work experience of about 7.6 years and mean mass of 69 kg, and average height 1.69 m
were taken for the study. Operators were also given with a questionnaire to gather information on
work experience and health-related history related to vehicle operation and it is reported in
Table 2.

2.3. Measurement device

The WBV was measured in accordance with ISO 2631-1 at the operator/ seat interface using
the accelerometer mounted in a rubber seat pad. Moreover, the HAV was measured in accordance
with ISO 5349-1 at operator/steering wheel interface. The human vibration analyzer type 4447
measures vibration in three perpendicular axes, manufactured by Bruel and Kjaer was used for the
analysis. Vibration exposure levels under typical operating conditions for each vehicle were
measured. Several repeated measurements were performed for each vehicle and subsequently
averaged in an effort to obtain a representative sample.
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Table 2. Vehicle operator anthropometric data along with self-reported health issues

. . Health issues™*
Operator Age BMIZ Experience l.)al.ly work Low back .| Finger | Upper back
(year) | (kg/m?) (year) limit (hour) pain Arm pain pain pain
Operator #1 29 24 6 8 to 10 hr 3 2 2 2
Operator #2 33 23 9 8t0 10 hr 4 1 3 3
Operator #3 36 25 8 8 to 10 hr 3 1 2 2
Operator #4 42 28 12 80 10 hr 3 3 2 1
Operator #5 26 22 3 8 to 10 hr 2 1 1 1
*Note: 1 — mild; 2 — moderate; 3 — severe; 4 — very severe

2.4. Measurement collection procedures

The dumpers are operated in different designated work areas at least for an 8-hour in each site.
They are involved in a cyclic process like loading, loaded travel, dumping and empty travel. The
cycle time of dumper varies, depends upon the mine layout, development heading, road gradient,
dumping zone and sharp turns. Most dumper vehicle operator usually take 7-20 min to complete
one cycle, depends on various conditions. The number of work cycle completed in 1-hour is
typically ranged from 3-8 cycles.

3. Results and discussion
3.1. Effect of WBYV exposure on dumper

In this work across different capacity dumper vehicles, changes in WBV at three different
vibration source i.e., seat pan, backrest and floor transmitted vibration to the operator were
measured. Frequency-weighted r.m.s accelerations and VDV were measured and obtained result
normalized to 8-hour working conditions as summarized in Table 3. Operators health risk
evaluation as per ISO 2631-1 [6] suggests that the dominant axis method is acceptable unless two
or more axes are of similar magnitude where the multi-axis vector sum is recommended. In this
investigation dominant VDV acceleration occurred in the z-axis with operator seat and in the
x-axis with the backrest of the dumper vehicles.

The reported VDV acceleration at operator seat pan interface are in agreement with the earlier
research findings [12-16]. In the current study, measured VDV acceleration maximum in the
z-axis for the combined tasks i.e., during loading, loaded travel, dumping, and empty travel. The
measured VDV(8) acceleration at seat pan was found to be in the range of 12.02-24.27 m/s'7
(Table 3).

Operator experience WBYV at seat backrest tends to exhibit slightly lower vibration compared
to seat pan. However, maximum VDV acceleration is observed in the x-axis i.e., fore-and-aft
direction in the range of 15.98-27.36 m/s'7>. As can be seen VDV:s are calculated from the fourth
power of the acceleration time history making them more sensitive to shocks/peaks than the
frequency-weighted r.m.s. method that uses the second power as average acceleration [6]. This
study also compares measure of VDV(8) and A(8) acceleration health risk probability in different
capacity dumper as shown in Fig. 1. Based on the calculated VDV(8) values 69 % of the measured
data were above the Health Guidance Caution Zone (HGCZ), when the A(8) values were
considered 46 % were above the HGCZ observed at operator seat pan interface (Fig. 1(a)).
Moreover, with respect to capacity 60-ton dumper observed dominant axis (i.e., z-axis) vibration
levels within HGCZ limits at operator seat interface. In Contrast, operator experience high
magnitude of acceleration in fore-and-aft direction (i.e., x-axis), and observed acceleration values
above the upper limit of the HGCZ as per ISO 2631-1 (Fig. 1(b)). Furthermore, highest magnitude
of acceleration observed at floor with all capacity dumpers (Fig. 1(c)).

Vibration exposure experienced by dumper operator is a component of various factors: vehicle
design, speed, capacity, suspension system, maintenance frequency, seat design and operator’s
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vehicle operational skill. Operators drive their vehicle substantially quicker while coming back
with the unfilled truck than a stacked truck. Kumar [11] also noted that vibration levels particularly
high when empty travel, in contrast to the loaded dumper travel. However, in loaded truck
increases in WBV is due to the non-uniform mass distribution of transport materials. A coupled
vibration impact causes a lot of discomfort to the operator throughout the performance of the
operation cycle.

Table 3. Mean (standard deviation) acceleration value of the A(8) and VDV(8) on dumper

CapacitvlAxes Floor Seat pan Backrest
pacity A(8) (m/s?) [VDV(8) (m/s!7)| A(8) (m/s?) [VDV(8) (m/s'73)| A(8) (m/s?) [VDV(8) (m/s'75)
35T x [0.78 (£0.11)] 15.93 (£1.52) [0.63 (= 0.06)] 12.83 (£1.03) |0.84 (£0.15)] 15.98 (£1.08)
(n = (1)151\ y 10.34 (£0.10)] 10.32 (£1.83) [0.28 (+0.08)] 7.13 (£1.28) [0.37 (£0.10)] 10.32 (£1.12)
Iz i (£0.20)[ 29.69 (+2.83) |0.84 (£ 0.22)| 22.78 (+2.88) [0.41 (£0.08)| 9.22 (+0.93)
60 T x [0.41 (£0.16)] 10.46 (£0.52) [0.59 (£0.07)| 13.74 (£2.16) [0.72 (£0.08), 19.90 (£2.06)
(n = (1)8\ y 10.54 (£0.15)] 13.57 (£0.44) [0.45 (£0.11)| 5.69 (£0.73) ]0.54 (£0.05)] 11.65 (£1.23)
~ 7z 100 (£0.25)] 22.66 (x1.71) |0.58 (£0.09)| 12.02 (£2.20) [0.31 (+0.06)| 8.46 (+0.48)
100 T x [1.03 (£0.15)| 33.92 (£2.63) |0.67 (£0.12)| 15.36 (£1.13) [1.38 (£0.23)| 27.36 (+4.03)
(n= loori y [0.53 (£0.07)| 17.54 (x1.91) [0.43 (£0.23)| 13.69 (£0.89) |0.41 (£0.07)| 17.54 (£0.91)
| z ]0.86 (£0.13)] 23.11 (£1.43) |1.12 (+0.24)| 24.27 (#4.52) ]0.55 (£0.33)] 11.21 (£1.43)
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Fig. 1. A(8) versus VDV(8) WBYV scatter plot of dumper
at 3 different location: a) floor, b) seat pan, and c¢) backrest

3.2. Effect of HAV exposure on dumper

The potential health injuries associated with human hand-transmitted mechanical vibration
which caused during dumper vehicle driving. During different capacity dumpers vehicle operation
steering wheel induced maximum HAV exposure in z-axis with 35 ton and 100 ton dumper. As
shown in Fig. 2(a). The observed r.m.s. acceleration ranged between 0.38 m/s2-3.26 m/s?. As per
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EU DIRECTIVE 2002/44/EC recommended action limit is 2.5 m/s?-5 m/s? is not harmful to the
operator [17]. Furthermore as per ISO 5349-1 standard recommend vibration total value for the
assessment of HAV to calculate daily exposure vibration exposure A(8) acceleration values [7].
As shown in Fig. 2(b), measured A(8) acceleration values ranged between 1.91 m/s?-4.28 m/s>.
An observed value also lies within recommended EU DIRECTIVE 2002/44/EC values. However,
operator feedback results showed a prevalence of persistent hand numbness and loss of sensation
in fingers due to prolonged HAV exposure.

—8— x axis —@—y axis —&—z axis 6

5 5 m/s?

\

59 5m/s*

2z
2.5 m/s? 23S

r.m.s. (m/s?)

35TON 60 TON 100 TON 35 TON 60 TON 100 TON
a) b)
Fig. 2. HAV exposure at steering wheel with different capacity of dumper:
a) three different axis r.m.s. acceleration, b) A(8) acceleration

4. Conclusions

The operators undertaken for the study registered WBV levels across different capacity
dumpers were above and within the HGCZ limit as per ISO 2631-1 standard. The assertive
vibration magnitude will increase the chance of semi-permanent health effects and decreases
operator’s efficiency in a work shift. Conversely, registered HAV exposure level within the
recommended action limit. Despite, the fact that operator encounters torment in arm, numbness
and loss of sensation. This ascertained results of HAV and WBYV suggests, a dire need design
improvement of seat, and steering wheel. This ergonometric design enhancement will help to
increase in operator comfort operation.
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