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Impact of lightweight and conventional
jackhammers on the operator
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Abstract. Jackhammer manufacturers have recently developed lightweight (45-60 Ibs) jackhammers intended to reduce the
required lifting and pushing forces during operation. However, the vibration characteristics of the lightweight jackhammers
and their effect on muscle activity are currently unknown. The objective of this study was to compare the measured vibration
and muscle activity between: (i) conventional (90lb) and light weight (60lb) jackhammers, (ii) different pavement
type/thickness combinations, and (iii) pneumatic and hydraulic jackhammers. Five jackhammers were tested on 4 and 6 inch
thick asphalt and concrete pavements by four experienced operators. Analysis of the results revealed that both weight classes
averaged 9.7 m/s® at the 20 Hz weighted 1/3 octave band frequency, and the TLV of daily exposure for either weight class of
jackhammer was less than 1.5 hours/per day. There was an approximately 33% difference in vibration measured on the hand
of the operators due to pavement thickness, 30% due pavement type, and no difference due to power source. Conventional
jackhammers overall produced higher muscle activity than lightweight jackhammers. Although selection of the correct jack-
hammer for the job involves many factors including pavement type and thickness, the results of this research can be used to

assist in selecting the appropriate jackhammer.
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1. Introduction

Jackhammers are commonly used in all sectors of
the construction industry and range in size from
small electric units to large, heavy units mounted on
equipment. For hand-operated jackhammers there is
often a trade-off between efficiency for the task and
user comfort. To operate a 901b jackhammer, an op-
erator needs to be able to exert substantial force
while continuously exposed to vibration.

ISO standards exist for exposure to hand-arm and
whole body vibration exposure. The standards define
allowable exposure time for different acceleration
levels. Dong, et al. [2,3] investigated the effects of
vibration on human discomfort using accelerometers
and pressure sensing mats. The research was aimed at
improving standards for human exposure to vibration,
and indicated that the allowable limits may be non-
conservative in the higher frequency ranges.

Hartung et al. [4] investigated grip and push force
and muscle activity while using vibrating power tools.

The test protocol consisted of 8 minute exposures
with 6 minute rest breaks between trials, and the re-
searchers monitored muscle activity during both the
trial and the rest break. Muscle activity was found to
increase with exposure to vibration. During the rest
period the measured effects of the vibration de-
creased, and by the end of the rest period was close
to, but still above, the pre-test responses.

The prevalence of hand-arm vibration syndrome
among jackhammer and blaster operators was inves-
tigated by Dasgupta et al. [1]. The study found that
neuroplasty and musculoskeletal abnormities were
associated with the symptoms, rather than peripheral
circulation disorders.

In summary, previous literature reported that mus-
cle activity was amplified with increased exposure to
vibration [4], and could lead to a 40% higher chance
of developing symptoms of soft tissue wasting in the
hands among conventional jackhammer operators [1].

Jackhammer manufacturers have recently devel-
oped lightweight (45-60 1bs) jackhammers intended
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to reduce the required lifting and pushing forces dur-
ing operation. However, the vibration characteristics
of the lightweight jackhammers and their effect on
muscle activity are currently unknown.

The objectives of this study were to compare the
measured vibration and muscle activity between: (i)
conventional (90lb) and light weight (60lb) jack-
hammers, (ii) different pavement type/thickness
combinations, and (iii) pneumatic and hydraulic
(601b & 901b) jackhammers.

2. Methods
2.1 Experimental design

The testing protocol was designed to simulate an
actual working environment. Each trial consisted of
breaking up a 3x3 foot square section of pavement.
Five diagonal lines were evenly spaced across the
square as a guide on how the pavement should be
broken up. Two pavement type, asphalt and concrete,
and two pavement thicknesses, four and six inches,
were used in the tests. Five jackhammers (2 conven-
tional and 3 lightweight) were used in this study.
Three of the jackhammers were pneumatically pow-
ered, while the other two were hydraulic. Thus, each
jackhammer was used in four trials by each operator,
for a total of 20 experimental conditions per operator.
A rest period of 15 minutes was allowed between
trials.

2.2. Subjects

Four experienced operators participated in each of
the experimental conditions described above, for a
total of 80 randomized trials. The operators were all
males, averaged 36 years of age and 66.5 inches tall,
and weighed between 150-180lbs. The years of ex-
perience working with the jackhammer ranged from
1-13 years.

Each operator completed the trials in a random or-
der, starting with a different combination of jack-
hammer, pavement type and pavement thickness.
Personal protective equipment (PPE) as recom-
mended by the jackhammer manufacturers was worn
in all trials. Each day of testing consisted of two ses-
sions, one in the morning and one in the afternoon.

2.3. Instrumentation

A single high frequency accelerometer (NexGen
Ergonomics, CA) was attached to the left handle of

the jackhammer to measure the vibration produced
by the jackhammer. Three wireless 3D accelerome-
ters (DelSys TRIGNO, USA) were placed on the left
and right forearm, and the left hand of the operator.
The right hand was not instrumented with an acceler-
ometer since a pressure-sensing glove was placed on
that hand. Twelve wireless electromyography (EMG)
sensors were used to collect muscle activity on each
operator during each trial for 6 muscle pairs: (Table
1). Electrodes were placed according to Cram et al.
(1999).

2.4. Analysis

The RMS of the vibration was calculated using a
sliding window with a size of 512 data points. A 2™
order Butterworth filter with a low pass filter of 4 Hz
was applied to the data. A Fast Fourier Transform
was performed and the data was organized in 1/3
octave bands. Frequency weight factors, as defined
in ISO 5349, were applied to the data to obtain the
weighted 1/3 octave bands. This data was then com-
pared to ISO standard 5349 and to the Threshold
Limit Values (TLV).

A custom MATLAB program was written to ana-
lyze the data collected by the 12 TRIGNO wireless
EMG sensors. The program calculated the RMS
value for each sensor at each trial as well as the loca-
tion and magnitude of the top 10 peaks for each sen-
sor. The difference between weight classes of jack-
hammer was determined by finding the ratio of RMS
values between a conventional and lightweight jack-
hammer while maintaining the same power source.
Similarly, the difference between power sources was
determined by finding the ratio of RMS values be-
tween hydraulic and pneumatic jackhammers while
maintaining weight.

2.5. Statistical analysis

The data was statistically analyzed to determine
the most significant source(s) of variability. Two
types of models were used in the analysis namely, the
generalized linear models (GLM) for factorial de-
signs and a 4-stage nested mixed model, where the
jack hammer weight and power source were treated
as fixed factors while the subjects, pavement type
and thickness we treated as random factors. The
data was categorized by jack hummer weight (60 1bs
and 90 Ibs) and by power source (pneumatic and hy-
draulic) in the nested design model. All the analyses
were carried out at 0.05 significance levels, but those
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instances in which some factors that were significant
at 0.1 level of significance are also reported.

3. Results

There were some differences observed in vibration
measured on the handle between jackhammers.
Conventional weight jackhammers exhibited an aver-
age peak acceleration of 4.2 m/s* in the 25 Hz
weighted 1/3 octave band frequency along the direc-
tion of the forearm, while lightweight jackhammers
had an average peak acceleration of 4.0 m/s® in the
same frequency band. A statistically significant dif-
ference (p=0.007) was seen in handle vibration be-
tween hydraulic and pneumatic jackhammers, with
average peak accelerations of 2.9 and 4.1 m/s” re-
spectively in the 31.5 Hz weighted 1/3 octave band
frequency. Additionally, pavement thickness was
found to be a statistically significant factor (p=0.001)
affecting handle vibration for both grouping by
power source and by weight. However, both jack-
hammer weight classes and power sources fall within
the 4-8 hour allowable exposure range according to
ISO 5349.

When considering vibrations measured on the
hand, little difference was observed between jack-
hammer categories, but some differences were seen
based on pavement characteristics. Pavement thick-
ness significantly (p<0.05) affected the results for all
groupings, while pavement type (asphalt vs. con-
crete) made a significant difference (p<0.05) only for
pneumatic jackhammers. The Threshold Limit Val-
ues are a single number for evaluating the allowable
exposure due to vibration, based on the weighted
RMS accelerations (aRMS). Both weight classes had
an aRMS of 9.7 m/s?, and the Threshold Limit Value
(TLV) of daily exposure for either weight class of
jackhammer was less than 1.5 hours per day (Figure
1). There is a slight difference (p=0.002) in aRMS
due to power source (Figure 2), with pneumatic jack-
hammers recording a slightly higher aRMS value
(9.9 m/s* vs 9.4 m/s?).
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Fig 1: Comparison of aRMS measured on the operators hand by
jackhammer weight class.
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Fig 2: Comparison of aRMS measured on the operators hand by
jackhammer power source. Significant differences with p-value
less than 0.05 are denoted by an asterisk (¥).

The difference in vibration between pavement
types and thicknesses was evaluated using the Vibra-
tion Dose Value (VDV), which accounts for the dura-
tion of vibration. There was an approximately 30%
increase (p<0.05) in vibration measured on the op-
erators’ hand (Figure 3) when comparing asphalt to
concrete pavement types. Similarly, there was an
approximately 33% increase (p<0.05) in vibration
measured on the hand of the operators (Figure 4)
when comparing 6 inch pavements to 4 inch pave-
ments.
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Fig 3: Comparison of vibrations measured on the operators hand
by pavement type. Significant differences with p-value less than
0.05 are denoted by an asterisk (*).
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Fig 4: Comparison of vibrations measured on the operators hand
by pavement thickness. Significant differences with p-value less
than 0.05 are denoted by an asterisk (*).

Conventional jackhammers produced higher mus-
cle activity than lightweight jackhammers in all mus-
cles except for the right trapezius (Table 1). Over
two-fold difference in muscle activation was ob-
served in the left bicep while operating conventional
as compared to lightweight jackhammers. The trape-
zius and triceps are the only muscles to show consis-
tent increase in bilateral muscle activity when using
hydraulic jackhammers compared to pneumatic jack-
hammers.

4. Discussion and summary

This study investigated the effect on hand vibra-
tion and muscle activity of differences in jackham-
mer weight and power source. Overall, the jackham-
mer weight and power source were found to have
very little effect on the vibration transmitted to the
hand. Additionally, all jackhammers were limited in
the duration for which it was safe to use them accord-
ing to both ISO standards and the TLV. The pave-
ment type and thickness did have a large affect on the
vibration. This is to be expected since the interaction
of the jackhammer and pavement will affect the vi-
bration response.

Conventional jackhammers consistently required
greater muscle activation than did lightweight jack-
hammers. The higher weight of the conventional
jackhammers should require more force to move and
control. Hydraulic jackhammers also generated more
muscle activity than did pneumatic jackhammers.
The hydraulic jackhammers tended to be more pow-
erful, again suggesting that they would require high
muscle forces to use.

Further analysis of the data found that pavement
thickness had a somewhat significant (p<0.1) effect
on activation of the dominant arm muscles (right
biceps and triceps). Observations indicated that
thicker pavement required more lifting and reposi-
tioning of the jackhammers, and the task required a
longer time. Both additional lifting and longer task
times would lead to higher demands on the arm mus-
cles. Pavement type was found to be a significant
factor only at 0=0.10 for torso muscles (rectus ab-
dominis and erector spinae) activation. One possible
explanation is that asphalt pavements were more duc-
tile, and the operators were observed to bend forward
during pavement breaking to apply additional body
weight to the jackhammer. Conversely, relatively
brittle concrete did not require extra force to power
the jackhammer through the pavement.

Overall, lightweight jackhammers had a lesser
impact on the operator in terms of vibration and mus-
cle activity, indicating that they could be safer to use.
Although selection of the correct jackhammer for the
job involves many factors including pavement type
and thickness, the results of this research can be used
to assist in selecting the appropriate jackhammer.
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Table 1: Ratio of average EMG between jackhammer weight (conventional/lightweight) and power source (hydraulic/pneumatic)

Conventional/Lightweight Hydraulic/Pneumatic
Muscles EMG ratio (R) EMG ratio (L) EMG ratio (R) EMG ratio (L)
Bicep 1.12 2.40 1.33 0.92
Tricep 1.00 1.21 1.12 1.18
Deltoid 1.22 1.16 1.07 1.00
Rectus Abdominis 1.27 1.22 0.96 1.31
Erector Spinae 1.12 1.07 1.10 1.09

Trapezius 0.90 1.28 1.20 1.35




