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EFFECTS OF REBAR TYING
MACHINE ON TRUNK FLEX-
ION AND PRODUCTIVITY

By Peter Vi, Hon.BSc., M.Eng

A before-and-after experimental design was
conducted to evaluate the potential reduction in
the risk of musculoskeletal injuries to concrete
reinforcement workers when using an

automatic rebar tying machine. Eleven (11) con-
crete reinforcement workers participated in

this experiment. All dependent variables (trunk
posture, and rebar tying time) were measured
before and after implementing the rebar tying
machine. The results of the study indicated

that working with a rebar tying machine significant-
ly reduced the magnitude and duration of
exposure to awkward trunk posture. Tying time
was reduced when participants used the
machine. Based on trunk posture exposure and
rebar tying time, it is concluded that the rebar
tying machine can be an effective tool to reduce
the frequency and duration of severe trunk
flexion and increase productivity among concrete
reinforcement workers.

Introduction

The risk of injury to concrete reinforcement work-
ers is well documented. According to a recent
study conducted by the Washington State Depart-
ment of Labor and Industries, rodworkers have the
highest rate (3,997 per 10,000 FTEs/Year) of
non-traumatic soft tissue injuries when compared
to 300 industrial occupation classes (Silverstein
and Kalat, 1999). Similar findings are also evident
in Ontario, where rodworkers have a higher
lost-time injury (LTI) rate due to non-traumatic
musculoskeletal injury than the construction
average. The proportion of nontraumatic musculo-
skeletal injuries of the back and upper limb body
parts was also found to be higher than the con-
struction trades average between the years 1996
and 2002.

In a study of the association between occupational
factors, other determinants, and the occurrence of
sciatic pain, Riihimaki et al (1989) found that
rodworkers experienced an increase in the risk of
sciatic pain in both a cross-sectional and a
prospective study. In similar research, Wickstrom et
al (1985) and Riihimaki (1985) found that reported
minor back accidents (i.e. an event that differed
from the normal course of work and caused
sudden, unexpected strain on the musculoskeletal
system) were more than ten times as common in
reinforcing work than in painting. Injuries to the
musculoskeletal system, as registered by insur-
ance companies, were also over three times

more common in reinforcing work than in painting.
Based on these findings, Riihimaki et al (1989),
Riihimaki (1985), and Wickstrom et al (1985)
concluded that the heavy work of concrete
reinforcement increases the risk of musculoskeletal
disorders when compared with the less burden-
some work of house painting. Awkward postures,
manual material handling, and back accidents
seem to be an important risk factor for the occur-
rence of back pain. Dababneh and Waters (2000)
reviewed the literature on the ergonomics issue of
rebar tying, and concluded that properly designed
powered tying tools may be the best ergonomic
solution. Extended tool-body design or extended
arm attachments can be used to eliminate the
need for stooping when working on a horizontal
platform (see Figure 1). Also, tools with a pistol grip
would allow workers to tie horizontal or vertical
rebar while keeping their wrist straight and reduc-
ing the need to perform high twisting or bending
motion of the wrists (Vi, 2003).
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(left) and manual tying using pliers (right).
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Figure 1: Rebar tying using a rebar tying machine



Although there are many potential benefits in using
the rebar tying machines, their effectiveness in a
field setting has never been verified. The objective
of this study was to conduct an intervention study
in the field setting to verify the potential reduction
in risk of musculoskeletal disorders when using a
rebar tying machine with arm extension attach-
ment as an alternative work method. A secondary
objective was to evaluate the productivity differ-
ences between manual tying with pliers and using
the rebar tying machine.

Method

Participants:

Eleven (11) rodworkers participated in this experi-
ment. All participants were unionized workers
from the International Association of Bridge,
Structural, Ornamental, and Reinforcing Ironwork-
ers, Local 721. They were of average stature, 170
cm (+ 7.9 cm), body weight, 84.5 kg (+ 11.2 k),
and age, 47 years (+ 12 year). The participants
had no medical problems, and each signed an
informed consent form.

Study Design:

A before-and-after design approach was used in
this study to evaluate the effectiveness of the rebar
tying machine with an extension arm attachment.
Only ground level rebar production was used to
evaluate the intervention. Before implementing the
intervention, rebar tying time and trunk work
postures while performing manual tying were
quantified. After the initial observation, each
participant was trained and given the rebar tying
machine for use in normal ground level rebar
production. Training covered proper use of the
machine, including procedures to change the
spool wire, trouble shooting, and machine mainte-
nance. Each participant was allowed to use the
rebar tying machine for three months. After the
intervention period, rebar tying time and trunk
work postures while performing rebar production
with the tying machine were quantified. The
repeated measurement of all dependent variables
(i.e., before and after) allowed comparison of the
differences between the two work methods.

Dependent Variables:

To investigate the potential benefits and reduced
risks of musculoskeletal injury, rebar tying tasks
were evaluated, using real-time continuous trunk
posture exposure, and rebar tying time. All depen-
dent variables were obtained from actual job
condition. For each participant, continuous obser-
vation was made across two days. For each day
of observation however, the data collection period
was limited to four hours.

Once the data collection instruments were setup,
workers were instructed to perform all the regular
duties within ground level rebar production. This
includes material handing of rebar steel and tying
rebar. The procedures for collecting all dependent
variables were repeated similarly before and after
the intervention. Detailed methods of collecting the
dependent variables are outlined in the following
section.

Gyroscope:

The MicroStrain 3DM-G (Vermont, USA) gyroscope
was used in this study to quantify real-time contin-
uous trunk postures. The 3DM-G is a self-con-
tained sensor system that measures the three
degrees of its orientation in space with respect to
Earth’s cardinal axes (i.€., the Z-axis pointing down
through the center of the Earth, the X-axis pointing
north and the Y-axis pointing east). The measure-
ments by the 3DM-G include pitch, roll and yaw.

The 3DM-G was attached to a Biometric Datal.og
Il system (Biometrics Ltd, Gwent, UK) for data
collection and storing. To measure the trunk
posture, the 3DM-G was attached on the mid-sec-
tion of the posterior scapula (Figure 2). In this
study, only the roll (flexion/extension of the trunk)
orientation was measured. The 3DM-G was
sampled at 100 Hz and low-pass filter at 4 Hz to
reduce the high frequency noise. Trunk posture
was continuously measured on all participants for
duration of between two and four hours over two
consecutive days. Awkward trunk posture expo-
sure was analyzed using the amplitude probability
distribution function (APDF) technique proposed by
Jonsson (1982).
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Two exposure levels (i.e., median and peak levels) statistics were used to determine the differences

were obtained from the 50th and 90th percentiles between traditional versus alternative methods.
of the distribution function according to Jonsson’s
definitions (1982). These were used to analyze the Results

differences in exposure levels between the two
work methods. Exposure variation analysis (EVA)
proposed by Mathiassen and Winkel (1991) was
also used to evaluate the differences in the magni-
tude, duration, and the distribution of the patterns
of trunk posture exposure between the two rebar
tying methods.

Trunk Posture

A contour graph detailing the exposure variation
analyses of the trunk posture for manual tying and
machine tying is shown in Figure 3 and 4. The
contour graph is a 3-dimensional view illustrating
the magnitude, frequency, and duration of trunk
posture simultaneously during ground-level rebar
work. Each tying method was separated into two

Rebar tying time: different graphs for comparison. As shown in
Rebar tying time was measured in this study to Figure 3, during manual tying with pliers, the high-
evaluate the differences in productivity between the est level of trunk postures was heavily skewed to
two tying methods. Measurements of tying time the far left and right (‘U” shape), indicating that
for manual tying and machine tying were quantified manual tying with pliers consisted of long periods
from videotapes of ground level rebar production. of neutral postures (<20°) and very extreme awk-
For each rodworker, approximately two hours of ward trunk postures (>60°). During machine tying
continuous video analyses of each tying method however, the distribution of the magnitude,

were conducted. The number of rebar ties within frequency, and duration of the trunk posture was
the period of observation was expressed as the found to be concentrated between the trunk

time (in seconds) required to perform a rebar tie angles of greater than -10° and less than 50° (see
(i.e., seconds per tie). Figure 4).

A summary of the overall average trunk posture
amplitude probability distribution function (APDF)
for each tying method across all participants is
shown in Figure 5. The amplitude of the median
and peak trunk posture level was found significant-
ly (0p<0.05) higher when participants tied rebar with
pliers as compared to tying machine.
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Figure 2: Rear view of the Gyroscope and /23 P ==
DatalLog Il used to collect trunk posture. w12 Y
Data Analysis: a0 Trunk posture (deg)
SPSS (version 10) was used to analyze the
collected data. Statistical tests with p<0.05 Figure 3: A contour graph detailing trunk posture
were considered significant. Univariate analysis while tying with pliers.
using Paired T-test and Wilcoxon nonparametric
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Figure 4: A contour graph detailing trunk

posture while using the rebar tying machine.
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Figure 5: Average APDF of the trunk
posture

Rebar Tying Time

Paired t-test statistics revealed that there was a
significant difference (p<0.05) in the rebar tying
cycle time between the two work methods (see
Figure 6). Using the traditional manual method the
participants finished with an average rebar tying
cycle time of 8.9 seconds. Using the rebar tying
machine, the participants finished with an average
rebar tying cycle time of 4.2 seconds - a decrease
of 52% in comparison to the traditional method.

Discussion

Trunk Posture Exposure
In a controlled-experimental study, Vi (2003) found
significant (<0.01) differences in wrist and arm

motions (flexion/extension, radial/ulnar, and
pronation/supination) between the rebar tying
machine and manual tying methods. For all planes
of motion, the rebar tying machine exposed the
participants to significantly lower wrist activities
(i.e., acceleration of the wrist) than when tying task
with pliers. Low-back compression forces were
also indirectly measured from electromyography.
Significantly (p<0.05) lower low-back compression
forces were found when workers used the rebar
tying machine.

The pattern of exposure revealed a “U” shape
relationship between trunk posture and the contin-
uous time period of the exposure level (see Figure
3). EVA and APDF methods also showed that the
pattern of the trunk posture in manual tying with
pliers differs most strongly for work time in trunk
flexion greater than 45°. With the rebar tying
machine, however, the rodworkers’ trunk posture
was mostly confined between the trunk angles of
greater than -10° and less than 40° (see Figure 4).

Long-term exposure to awkward trunk posture
while tying rebar can expose workers to a high risk
of lowpain back. Evidence from past research
indicates the strong association between exposure
to awkward trunk posture and risk of low-back
pain (LBP). A large case-control study conducted
by Norman et al (1998) found a positive relation-
ship between peak trunk flexion and reporting of
LBP. The odds ratio (OR) for the risk of LBP
between the case and control based on the peak
trunk flexion variable was 2.4 (95% CI 1.5-3.8).
Similarly Marras et al (1995) observed an OR of 1.6
(95% CI 1.31-1.93). The first evidence of a positive
relationship between the percentages of time
exposed to non-neutral trunk flexion (>20° flexion)
and risk of LBP was found by Punnett et al (1991).
In the Punnett et al (1991) study, multivariate
analyses that adjusted for covariates demonstrated
that time in non-neutral postures was strongly
associated with back disorders (OR 8.09, 95% ClI
1.4-44).
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Productivity

As measured by tying time, productivity was very
much dependent on the type of tying method. In
this study, the rebar tying machine was found to be
superior to traditional manual tying. On average, a
52% decrease in the time to tie one rebar was
found when using the rebar tying machine. This
increase in productivity is positive because it allows
workers to be more productive without increasing
the risk of musculoskeletal disorders to the back
and upper extremities.

12.00 OManual Tying

B Rebar Tying
10.00 Machine

8.00

6.00

Time (Second)

4.00

2.00

0.00

Rebar Tying Time
Figure 6: Rebar tying cycle time between the
two tying methods. A cycle time is defined
as the time required to tie one connection.
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STAND-UP TW/INTIER®
RB401T-E

Ties #3 x #3 up to #6 x #6

With 19Ga. Wire
Double Your Tying Speed Cost Savings On Wire

The Dual Wire Feeding The Wire Pull Back
Mechanism increases Mechanism dispenses
productivity on job sites. the precise amount

of wire needed to
form a tie.

Smaller Tie Height
The TwinTier®’s Wire
Bending Mechanism
produces a shorter tie
height. Less concrete
is needed to fully cover
a wire tie.

TY/INTIER

f
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RB441T RB611T
Ties #3 x #3 Up To #7 x #7 Ties #5 x #5 Up To #9 x #10
with 19Ga. Wire

with 19Ga. Wire
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AIRMATIC INC founded in 1944, is a woman-owned Industrial Distributor, with installation and
maintenance capabilities, offering equipment, machinery, and shop supplies to the Industrial,
Construction, Utility, Government, and Commercial Markets. Our products and services are sold
through three business units:

The MATERIALS MANAGEMENT GROUP provides products and services to industries that convey,
store, transport, and process powders and bulk solids from aggregates, cement, and chemicals to
foods, grains, metals, power generation, and waste water treatment applications;

The SERVICE GROUP provides fabrication, installation, and maintenance services to improve bulk
materials handling efficiency; mechanical clean-out services for silos and hoppers to eliminate material
flow problems; and shop repair/rebuilding and modifications services of products sold by the Company.

The TOOL GROUP provides power tools, personal protective equipment, materials-handling
equipment, shop equipment and MRO supplies used for production, fabrication, assembly, metal
removal, maintenance, and storage in manufacturing, construction, utility, and commercial applications.
Our Customers tell us that by choosing AIRMATIC to solve their problems, they gain increased
productivity, decreased costs, and a safer, cleaner work environment.
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