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ABSTRACT

Introduction: This study aims to determine the amount of hand-arm vibration transmitted from heavy
electric destruction tools and the effect of using chisel with different lengths and shapes when demolishing
concrete surfaces.

Material and Methods: To evaluate the magnitude of hand-arm vibration on the left and right handles
of two powerful electric demolition hammers commonly applied in Iranian construction work and urban
services, 323 measurements were made (RONIX and NEC). The demolition procedure was carried out by
two experienced users on 49 concrete slabs of the same grade (20 C) with thicknesses of 10 and 15 cm
while utilizing standard tools, such as hammers with two different chisel head shapes (flat and point) and
lengths (40 and 60 cm). Utilizing two SVANTEK vibration meters concurrently on each hammer handle,
measurement and evaluation were according to the ISO 5349:1, 2 procedures.

Results: The mean effective (frequency weighted root mean square) acceleration (awrms) for the Vector
Sum Values (VSV) in the hammer handles were 15.71 m/s. The primary vibrational axis transmitted to the
handle of tool was the vertical axis, at 13.60 m/s?. When employing flat and point chisel, the mean awrms
were 16.59 m/s? and 14.82 m/s?, respectively. The difference between the results of 60 and 40 chisel was
a little more than 2m/s?. The dominant and harmonic frequencies of the tools were generally in the range
of 25 Hz to 80 Hz and 200 Hz to 400 Hz

Conclusion: The mean results generally indicated that point chisel with shorter lengths (40 cm) accelerates
at a lower rate than flat chisel with longer lengths (60 cm). In the frequency range below 40 Hz, the RONIX
hammer produced a larger acceleration than the NEC hammer indicating that the NEC hammer had a
higher safety competitive advantage compared to the another hammer.
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1. INTRODUCTION

Occupational exposure to Hand - Arm
Vibration (HAV) is very common in workers that
use hand held vibrating power tools in construction
activities and repair services. Among the most
common heavy vibrating power tools used, tools as
concrete breakers, rotary, chipping or demolition
hammer generally produce the highest vibration
level on the handles. There is a type of mechanical
mechanism used in electric hammer-action tools
that can transform the rotating force of the motor
into a very high frequency and forceful hammering
force, in which the tool handles and then the tool
guiding operator hands both receive a portion of
the energy generated by the body and other tool
accessories.

The health effects of this exposure level, if last
for several months, include vascular, neurological,
and other disorders of the cardiovascular system
that are related to damage to the blood vessels. The
occurrence of these complications and disorders is
known as Vibration White Finger (VWF) disease.

Power or speed of the operating mechanism of
vibratory tools, whether percussive or rotary, along
with other effective factors such as gripping and
teed force, chisel diameter, tool weight, the source
of energy consumption, worker posture, has been
considered in the magnitude of vibration of the
tool handle.

The interface between the impact energy of
hammers and the work surface are the insert
chisels of demolition tools. Common chisel used in
demolition hammers often have different lengths
according to the operational needs and are of flat
tip and square or round point, wide, tongue, etc.

So far, little attention has been paid by
researchers to determine the effect of using
different chisels on concrete surfaces in the
construction and repair services and determining
the amount of hand-arm vibration transmitted
by electrical jackhammers and the effect of these
factors on frequency spectrum. So, the objectives of
present study were: determining the level of hand-
arm vibration transmitted to the handles of heavy
electric hammers for demolishing of concrete

surfaces using chisel s with different length and tip
shape on concrete surfaces with different thickness
in each tool handles and investigating the frequency
content emitted in the vibration signal.

2. MATERIAL AND METHODS

This study was performed by two jackhammers
(Table 1) . Demolition hammers used by two brands,
RONIX and NEC, which are widely used in Iran and
other Middle Eastern countries for construction
demolishing and repair or reconstruction of water
and gas pipelines. Demolition of concrete slabs was
performed by two experienced users. The handles
in both hammers were as left-right handles.

From the beginning until the end of the
demolition process, the vibration of each tool
handle in three axes was continuously measured
concurrently. Vibration measurements conducted
based on ISO 5349 by using two vibration meters
(SVANTEK 958 and 958A) and set of accelerometer
and manual adapter SV 50 on both handle of tools
during the whole time of demolition by users (2,5).

Each hammer used by each user separately
for 2 concrete thicknesses (15 and 10 cm) has a
dimension of 40 by 70 cm, two chisel heads (flat
and Point) and two inserted chisel lengths (40 and
60 cm). The diameter of the chisel used for each
hammer was the same and proportional to the tool
chuck and was of HEX type (6 edges).

The duration required for demolishing each
concrete slab varied from 123 to 148 seconds,
depending on the thickness of the concrete slabs,
the power of the tool, the type of chisel, and the
operating method of the operator. All in all,
including simultaneous measurement of vibration
in both handles, 323 separate measurements of
vibration were made for two tools. The average
values reported in this paper are the result of at
least 2 measurement data for each concrete slab.

Concrete slabs were demolished after 45 days
of processing, watering and preparation in order
to achieve the quality of structural concrete (C20)
in accordance with EN 206-1: 2000 ISO, 679; ISO
28927-10 (6,7). In order to separate each piece, a
wooden grid with the specified dimensions was

Table 1: The jackhammer specifications

H
Jackhammer .ammer
weight (Kg)
1 RONIX 2830 2200 30
2 NEC 2485 2100 25
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Chuck  Impact per Hammer Impact
type min frequency (Hz) energy (J)
HEX 950 50 75
HEX 1600 50 85
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Fig. 1: Concrete slabs prepared before demolition with C20 quality (a), Accelerometer and adapter setting on hands during measure-
ments (b, ¢), demolishing process of concrete by jackhammers (d) when measuring vibration during demolition of concrete slabs.
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Fig. 2: Mean and awrms values in samples with flat and point chisel (left) and average results for two chisel in each concrete thickness
(right) for each hammer

created before concreting and the created frame
was collected before starting of demolition and
the concrete slab was separate of frame (Fig. 1-a).
Accelerometer and adapter setting on hands during
measurements and demolishing process of concrete
slabs are represented in Fig. 1(b, c and d).

The Vibration Sum Values (VSV) of frequency
weighted root mean square acceleration awrms for
the three x, y and z axes was calculated using the
equation (1) in accordance with ISO 5349-1 (2):

[ 2 2
A rms—VSV — \/ahw X + Ay y + Ay, Eq( 1)

[ DOR!

In the above equation, ahw x, ahw y and ahw z are
the frequency weighted root mean square acceleration
(awrms) values for x, y and z axes, respectively.

This study investigates the frequency spectrum
of each tool on 1/3 octave bands for determining
of the dominant frequencies and their related
harmonic frequencies on the handle of hammers.
The results of this study were analysed at frequencies
less than 1250 Hertz in accordance with the Wh
weighting network in ISO 5349 by SVAN PC ++
software (2,5). Statistical analysis for to determine
the influence of each factor was with Graph Pad
Prism software (version 9.0.0).

Journal of Health and Safety at Work 2023; 12(4)
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3. RESULTS AND DISCUSSION

The mean results of the two instruments
showed that the mean difference between the
instruments was not significantly dominant (P =
0.10). The largest VSV in the measurement results
in tools 1 and 2, were equal to 22.29 and 23.17 m/
s, respectively. In NEC jackhammer, the highest
values in z, x and y axes were equal to 17.89,
12.91 and 7.30 m/s? respectively, and for RONIX
hammer, the highest values were equal to 21.26,
9.64 and 6.89 m/s?, respectively. The mean values
of each axis and the sum of the total axes for each
jackhammer are shown in Table 2.

The means of hammers 1 and 2 during the
demolition of concrete with thicknesses of 15 cm
were 16.10 m/s* and 17.13 m/s? respectively, and
when demolishing concrete slabs with thicknesses
of 10 cm were equal to 14.09 m/s* and 15.28 m/s?,
respectively. The difference between the mean of
the total results of both hammers was statistically
significant for the two groups of concrete
thicknesses (P = 0.0006).

The difference between the mean of the left and
right handles was not significant (p=0.36) even
when only the results of measuring tool handles in
concrete slabs with one thickness were examined,
either separately for each tool or for the whole
results of one concrete thickness.

The mean values of the total results for the two
forms of flat and point chisel heads were 16.59 m/

s? and 14.82 m/s? respectively. Fig. 2 (left) shows the
means of total values by hammer when using flatand
point inserted chisel. In general, the mean values of
flat-shaped chisel (F) were higher than point-shaped
chisel (P). The mean of all awrms in three axes had a
statistically significant difference when the all results
were considered together (P = 0.0024). The values
for each group of the chisel tip shape are shown
separately by the thickness of the concrete slabs and
the jackhammers in Fig. 2 (right).

As shown in Fig. 2 (right), the results for point
chisel are lower than the average for flat chisel,
and similarly, the average for all concrete slabs
with thicknesses of 15 cm is more than 10 cm.
Investigating on the results related to the length of
the 40 cm and 60 cm chisel showed that the average
values in both hammers were higher when the
chisel with a longer length was used. In this case,
the difference between the two insert lengths in
the RONIX hammer is close to 3 m/s? (P = 0.0006)
and the difference for the sum of the results of both
hammers in the chisel length was slightly larger
than 2 m/s? and for the 60 cm and 40 cm chisel were
16.36 m/s? and 14.38 m/s?, respectively (P = 0.08).

The highest frequency values occurred at
frequencies with higher weights of the weighing
network in the Z axis and then in the X axis in
the measurements. The highest mean values in
the dominant axis were observed in the RONIX
hammer at frequencies of 12 Hz and 25 Hz, equal

Table 2: The mean (SD) of the awrms results on the demolition hammer s’ handles

Jackhammer X
NEC 2485 7.46 (2.16)
RONIX 2830 6.08 (1.57)
Mean 6.77 (2.00)

Y

4.17 (1.79)
2.92 (1.67)
3.55 (1.83)

z VSV
12.54 (2.21) 15.10 (2.72)
14.67 (3.21) 1632 (3.13)
13.60 (2.95) 15.71 (2.97)

10 4

0 T T T

""""""""" Ronix total
NEC total

10 16 25 40 63 100

160 250 400 630 1000

Fig. 3: Mean frequency spectrum values of 1/3 octave band for jackhammers
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Fig. 4: Values of awrms for 15 cm concrete slabs and for two inserted lengths and chisel head shapes at selected NEC hammer fre-
quencies

to 10.36 m/s* and 10.04 m/s? respectively. At
frequencies above 100 Hz for this hammer, the
dominant frequency, which was distinctly higher
than the adjacent frequencies among the means of
each set of outputs, was 400 Hz with a magnitude of
5.12 m/s” and then 200 Hz with a magnitude of 4.2
m/s% The average values of the frequency spectrum
for the two jackhammers are shown in Fig. 3.

In the NEC jackhammer, the shape of the
frequency spectrum signal was different from that
of the RONIX hammer. In the lower frequency
range 50 to 63 Hz and then 80 and 40 Hz were larger
values and close to 10 m/s” In the high frequency
range, the frequencies 400 Hz, 500 Hz and 1250 Hz
had predominant values slightly higher than 8 m/
s%. In the frequency range below 40 Hz, the RONIX
hammer generated a larger acceleration than the
NEC hammer, and this difference suggests that
the NEC hammer has a higher safety competitive
advantage over the other two hammers.

The analysis of the mean findings of the
frequency spectra of both hammers demonstrated
that the short chisel had a greater acceleration at
frequencies between 100 Hz and 200 Hz and then
at frequencies over 400 Hz. Despite the opposite
tendency in other regions of the frequency
spectrum, this trend was also observed in the
RONIX hammer in the 315-500 Hz range. The
mean findings for both hammers revealed that
the acceleration magnitude of point chisels was
around 0.5 m/s” higher than that of flat chisels
in the frequency range of 63-125 Hz and that

746

the difference between these two groups in other
regions of the spectrum was quite small.

Comparing the results of flat and point chisel
on 15 cm concrete slabs showed that for NEC
jackhammer at 40 to 80 Hz, the mean differences
for flat and point inserts on the chisel length groups
were 3.13 and 3.42 m/s?, respectively. The highest
differences for the flat chisel at 40 Hz and in the
point chisel at 80 Hz were 4.35 m/s* and 4.62,
respectively. There was an average difference in
the same range at higher frequencies. Fig 4 shows
the average results for 15 cm concrete slabs by two
chisel lengths and chisel head shapes at selected
frequencies in the NEC hammer.

4. CONCLUSION

The analysis of the two studied hammers
showed that the NEC hammer’s mean overall
vibration acceleration was less than the RONIX
hammer’s by almost 1 m/s* in the mean findings
of the vector sum values and by more than 2 m/
s? in the dominant axis of vibration propagation.
Generally, flat chisels with shorter lengths generated
lower acceleration values than that of point chisels
with longer lengths according to the mean results
of several groups. Additionally, the NEC hammer
has a competitive advantage of greater safety due to
higher acceleration values for the Ronix hammer in
the frequency range of less than 40 Hz. As a result,
among the configurations examined in this study;, it
is advised to utilize a point chisel with a length of
40 cm rather than other circumstances.

Journal of Health and Safety at Work 2023; 12(4)
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