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Abstract

This study investigated the effect of fixed height standing-workstation on dif-
ferent people with diverse anthropometry dimensions. Measurements of
some anthropometric and physiological parameters are carried out as bases
for the calculation of body mass index (BMI) and the determination of the
maximum heart rate (HR,,) and aerobic power (VO,max) of individual sub-
ject while performing manual cutting operation with hacksaw on fixed vice
height of 940 mm. Twenty subjects (S1 to S20) parted 2 mm thick square-pipe
of 25 mm X 25 mm. Each subject carried out cutting operation in 5 replicates
and their physiological parameters during activities are measured to deter-
mine their expended energy (EE) and oxygen consumption rate (VO,). The
results showed that subject S4 with BMI of 20.76 kg/m* has maximum cutting
rate of 5.33 stroke/s, while subject S8 with BMI of 23.39 kg/m? has minimum
cutting rate of 0.92 stroke/s. There was a statistically significant effect on the
interaction between BMI, EE and Cutting rate, with F = 827.54, P = 0.000, R?
= 0.967 and S = 1.749 units. Subject S11 was discovered to have VO, (28.54
l/min) and VO,max (24.36 ml/min/kg), with highest value of EE (2.94
kcal/min). Wear rates of 1.86 teeth/s and 9.55 teeth/s have the same energy
cost (EE = 0.87 kcal/min) but different cutting time of 36.65 s (S18) and 10.89
s (520) respectively. This could explain in-part that excess 25.76 s utilized in
operation time by subject S18 is responsible for keeping approximately 7.7
teeth intact as regards tool management. EE and Tool Wear Rate in one-way
analysis of variance, were statistically significant (F = 45.87, P = 0.000, R* =
54.69% and S = 1.617 units) at 0.05 level.
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1. Introduction

Presently, technical products, such as some basic hand held tools and many
workstations, where daily activities are being carried out are being de-
signed/layout conventionally with a focus primarily on their functional and aes-
thetic aspects with little or no consideration about end users. This is often true in
developing nations, where little or no priority is given to anthropometry varia-
tions of the citizens. As observed by [1] “Powered hand tools are the most com-
mon hand held industrial products found in many industrial work situations, yet
non-powered hand tools such as hammers, screwdrivers, wrenches, hacksaws,
pliers, etc. still have its own importance in different industries and daily life situ-
ations”.

Poor design/layout of manually (hand) operated tools/equipment and their
usage for a long time may lead to much energy input with less work actualiza-
tion, causing early hand fatigue and different hand and arm related musculoske-
letal disorder. Several studies have suggested ergonomics criteria for hand tool
design relevant in terms of biomechanical and physiological stress [2]. Ergo-
nomic interventions are increasingly used to reduce labour turnover rates, lower
costs, increase revenue and accomplish more work with a little work force [3].

Sawing is a process wherein a narrow slit is cut into the workpiece by a tool
consisting of a series of narrowly spaced teeth, called a saw blade. Sawing is used
to separate work parts into two or more pieces, or to cut off an unwanted section
of a part [4]. These processes are often called cut-off operations and since many
manufacturing projects require cut-off operations at some point in the produc-
tion sequence, sawing is an important manufacturing process.

As presented by [4] “basically, sawing is a simple process: As the blade moves
past the work, each tooth takes a cut. Depending on the thickness or diameter of
the work, the number of teeth cutting at one time varies from two to ten or
more. Sawing is one of the most economical means of cutting metal. The saw cut
(kerf) is narrow and relatively few chips are produced in making a cut. There-
fore, only minimal power is used in removing large amounts of waste metal”.

A hacksaw is a fine-tooth saw with a blade under tension in a frame, used for
cutting materials such as metal. Hacksawing involves a linear reciprocating mo-
tion of the saw against the workpiece. This method of sawing is often used in
cut-off operations. Cutting takes place only on the forward stroke of the saw
blade. Because of this intermittent cutting action, hacksawing is less efficient
than other sawing methods. Hacksawing can be done manually or with a power

hacksaw [4]. Handheld hacksaws consist of a metal frame with a handle, and
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pins for attaching a narrow disposable blade. Hacksaw blades are long, thin
strips of hardened steel that feature a row of teeth along their cutting edge. Each
end of the blade is punched with a small hole that fits onto the saw frame and a
screw or other mechanism is used to put the thin blade under tension.

For manual handling operation design, the strength of the joint and muscle is
of importance to guide the design of workspace or equipment to reduce work
related injuries, and furthermore to help in personnel selection to increase work
efficiency [5]. Based on the study conducted by [6] on wrist positions and
movements among female operators in a repetitive, non-forceful industrial qual-
ity-control work during a physical examination, they concluded that the high
prevalence of disorders in the wrists/hands among the operators may resulted
from repetitiveness and high speeds.

As reported by [7] that a tool should be adapted to the task rather than having
the worker adapt to a general-purpose tool. Care also needs to be taken to in-
clude design features so as to reduce the existing limitations in hand tools. It is
evident that the use of hand held industrial products can lead to accidents, over-
exertion, injuries and discomfort when poorly designed or badly used [8].

[9] submitted that, muscular forces are required to perform the physical work,
that is, to hold and move the load from one point to another. Muscular activities
(muscle contraction and extension) during physical work require energy. Sup-
plying the demanded energy creates loads on the cardiovascular system (heart
and blood vessels) and respiratory system. The heart must pump faster to deliver
the increased oxygen demand through blood vessels to the involved muscles. [9]
and [10] submitted that volume of oxygen intakes (VO,) and aerobic power
(VO,max) vary significantly among individuals, and are affected by many fac-
tors, such as: Somatic factors (body size, age, sex); Psychic factors (attitude, mo-
tivation); Environment (altitude, temperature, humidity, etc.); Nature of work
(workload or work intensity, duration, rhythm, technique); Physiological cha-
racteristics of the individual which are genetically determined (inherited at
birth); Posture.

Energy expenditure (EE) is defined as the amount of work done by a body in
kilocalories per minute. The EE of a man or woman over a whole day is often di-
vided into different components, which can be individually determined [9].

The relativity of manual hacksawing is paramount among the road side weld-
ers, plumbers, as well as in technical workshops in academic and research insti-
tutions in Nigeria. Experience has it that, more often, holding device (vices)
height is always fixed depending on artisans’ preference. However, this study
investigates the effect of anthropometry variations on some physiological para-
meters: heart rate; oxygen consumption; aerobic power; energy expended by the

subjects during cutting operation, cutting rate and tool management (wear rate).

2. Materials and Methods

The consents of 20 engineering students of Federal College of Agriculture, Moor
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Plantation Ibadan are obtained before the commencement of the measurements
and the experiment. The relative anthropometry measurements are carried out
by using standard anthropometric measurement techniques. Some physiological
parameters, at resting state before the cutting operation and after each cutting
operation such as heart rate, body temperature, and blood pressure are meas-
ured. Alongside with these, the vice height was measured (940 mm). The object
for experiment is mild steel material of 25 mm square pipe, having 2 mm thick-
ness. This is work piece considered for being cut; it was the same across all 5
replicates cut by each subject. The profiles of blades are determined before and
after 5 replicate cutting through, so that relative amount of wear can be easily

determined.

2.1. Methods

In this study, for proper monitoring of needed data, questionnaire was devel-
oped for the subjects, age ranged from 16 to 22 years. All relative anthropometry
data measured are: stature (overall height), arm length, hand width (thumb in-
cluded), hand width (thumb excluded), grip length which are measured with
metal tape and caliper to the nearest of 0.5 cm, and weight with digital weigh
balance of precision screen gauge sensor system, capacity (150 kg), decision (100
kg) LCD (1.0 inches). The wrist type sphygmomanometer (Andon BPM KD-795)
was used to measure heart rate and blood pressure, while analogue thermometer
(AGARY FEVER C€0197 1/10°C), was used to measure body temperature.

The energy expenditure was determined by using [11] formula which is:

EE = 0.039 * HR —2.33(kcal/min (1)

where, EE = Energy expenditure and HR = measured heart rate after a task is
performed.

The maximum heart rate (HR,,,) of each subject was determined by using

max.

[12] equation:
HR,,, =205.8—0.685*age(bpm) (2)

Oxygen consumption rate (VO,) is calculated using the relationship presented
by [9] [13] and [14], which are:

Y =0.259.X —6.422(L/min) 3)

where: Y= predicted oxygen consumption; X = measured heart rate.

Aerobic power (VO,max) was obtained using equation created by a group of
researchers to estimate VO,max in ml/min/kg as presented by [15]. The equa-
tion shows the relationship as follows:

HR
VO, max =15—"22% (4)

rest
where HR, , = heart rate at rest.
Vice height was measured with metal tape with reference to the workshop

floor on which the subjects would stand while cutting. Work piece for each is
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measured out of total length 300 mm to be separated in 50 mm in 5 pieces al-
ready marked out on the work piece with cutting distance from the vice marked
20 mm. Time taken to cut through as well as cutting strokes were observed and
recorded in respect to each replication made by the subjects.

The profiles of saw blades (18 TPI/BD SANDFLEX BI-METAL) was deter-
mined by using black paint on the teeth of three (3) randomly selected blades
and were dragged on white cardboard to ascertain the relative number of teeth
on average peculiar to the blade type and to determine the missing teeth after

cutting operation by each subject.

2.2. Data Analysis

The collected data from measured anthropometry parameters, calculated heart
rates, expended energies and aerobic powers of the subjects was analyzed statis-
tically using Mtb EXE (version 14.1.0.0) and Microsoft Excel (2007) programs.
Descriptive statistics were generated for anthropometric variations and were ex-
pressed in terms of mean, minimum, maximum, standard deviation, coefficient
of variations, skewness, 5" percentile, 50" percentile and 95" percentile. Fre-
quency histograms were generated to compare heart rate at rest and heart rate
after the task was performed. Statistical significance, where indicated uses an al-
pha level of 0.05. The null hypothesis (H,) is presented as follows:

H,: BMI of individual subject has no significant effect on EE and cutting rate.

H,: BMI of individual subject has significant effect on EE and cutting rate.

3. Results and Discussion

3.1. Anthropometry Parameters

The results on descriptive statistics of selected anthropometric measurements of
20 subjects, age ranged 16 to 21 years are presented in Table 1. The heights of
the subjects ranged from 160 cm to 190 cm, having standard deviation and coef-
ficient of variation of 8.71 and 4.98 respectively.

The values for height, arm reach, leg length and hand grip length are nega-
tively skewed with smallest value of —84%. This indicates highest level of skew-
ness to the negative side and it is corresponded to the highest value of the coeffi-
cient of variations in the group. Whereas, the hand length, hand width with
thumb and hand width without thumb are positively skewed, with highest value
of 62%. This also corresponded to the highest value of the coefficient of varia-
tions in the group. It is noted that the disparity between 50™ percentile and mean
is most pronounced in leg length compared to the remaining measured parame-
ters, however this is contrary to (whole stature) height. This could justify the fact
that height does not necessarily predict the leg length (Table 1).

3.2. Relationship between Heart Rates before and after
Cutting Operations

Figure 1 showed the effect of activity performed by individual subjects, as
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Table 1. Descriptive statistics for the selected anthropometry parameters.

Height Arm reach Hand Hand  Hand width Le Hand Gri
& length  width with ~ without & P

cm cm Length length
(em) — (em) (m)  thumb  Thumb & &
5t Percentile 170 76 18.00 10.00 7.65 96.50 65.25
50 Percentile 174.5 79.5 19 10 8 104 69.25
95t Percentile 181.5 81.75 20.00 11.750 9.00 106.75 70.75
Mean 174.75 78.8 19.05 10.55 8.38 101.5 68.08
Minimum 160 71 17 8 7 85 61.00
Maximum 190 86 21 13 11 110 76.00
Standard
L. 8.71 4.20 1.10 1.23 1.06 7.20 3.83
Deviation
Coefficient of
e 4.98 5.33 5.77 11.70 12.68 7.09 5.62
Variations
Skewness -0.07 -0.44 0.16 0.06 0.62 -0.84 -0.23

N =20; Age: mean = 17.8; SD = 1.322.

150 = HRrest
= HRactivity

Subjects

Figure 1. Relationship between heart rate at rest and heart rate after cutting operation.

differences is recorded across all participants in heart rate at rest (HRrest) and
heart rate after cutting operation (HRactivity). The histogram bars corresponded
to subject 8, showed major variation in between rest and activity heart rates
when compared with the other subjects (Figure 1). From Table 2, it was discov-
ered that subject 8 has the minimum cutting rate of 0.92 stroke/s. This may sug-
gest increment of load for more cutting per unit time.

Subject 11 has the highest value for both HRrest and HRactivity as shown by
the representative histogram bars and this is followed by subjects 14 and 12 in
HRrest and HRactivity respectively, while subject 1 has the smallest HRrest and
HRactivity followed by subjects 8 and 2 in HRrest and HRactivity respectively.
Also, subjects 16 and 17 have the same values for HRrest, but disparity of values
in HRactivity, with subject 16 having higher value (Figure 1). This is compli-
mented by cutting rate of the duo; subjects 16:17 having 2.30 stroke/s:1.03

stroke/s respectively.
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3.3. Body Mass Index (BMI)

Table 2, illustrates the relationship of height, body weight and BMI to cutting
rate. The maximum cutting rate is 5.33 stroke/s which is correspondent to sub-
ject 4 with BMI of 20.76 kg/m’, while minimum cutting rate is 0.92 stroke/s
which is correspondent to subject 8 with BMI of 23.39 kg/m”. The table also in-
dicated that the greatest value of the BMI was (29.30 kg/m®) related to cutting
rate of 2.58 stroke/s and the smallest value of BMI (15.90 kg/m?) related to cut-
ting rate of 2.30 stroke/s.

In a one-way ANOVA that was conducted to determine if BMI of the subjects
(S1 - S20) has effect on EE and cutting rate exhibited by individual subject in a
manual hack-sawing operation. There was a statistically significant effect, with F
= 827.54, P = 0.000 (Table 3). The interaction shows strong effect of BMI with
EE and Cutting rate, the R* is 0.967 and S is 1.749 units.

Table 2. Relative cutting rates (CR) to subjects’ body mass indexes (BMI).

Average Average Stroke

Body Height Cutting Rate

Subjects Weight (kg) (m) BMI (kg/m?) Cutting Time  Frequency (stroke/s)
(s) (stroke)
S1 75 1.6 29.30 17.08 44 2.58
S2 63 1.71 21.55 17.93 33 1.84
S3 66 1.78 20.83 48.18 91 1.89
S4 60 1.7 20.76 17.08 91 5.33
S5 61 1.76 19.69 17.28 51 2.95
S6 53 1.6 20.70 24.14 43 1.78
S7 63 1.73 21.05 33.88 50 1.48
S8 70 1.73 23.39 30.47 28 0.92
S9 65 1.7 22.49 22.68 52 2.29
S10 74 1.8 22.84 15.87 39 2.46
S11 64 1.7 22.15 57.59 76 1.32
S12 62 1.61 23.92 22.23 49 2.20
S13 79 1.88 22.35 15.73 29 1.84
S14 64 1.76 20.66 14.33 26 1.81
S15 66 1.76 21.31 24.22 43 1.78
S16 55 1.86 15.90 21.72 50 2.30
S17 66 1.82 19.93 13.6 14 1.03
S18 69 1.9 19.11 36.65 53 1.45
S19 58 1.84 17.13 19.43 27 1.39
S20 53 1.71 18.13 10.89 21 1.93
Mean 64.3 1.75 21.16 24.049 45.5 2.03
Max 79 1.9 29.30 57.59 91 5.33
Min 53 1.6 15.90 10.89 14 0.92
SD 6.914 0.087 2.787 11.985 20.974 0.931
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3.4. Estimated Physiological Parameters and Their Relationship
to Some Operational Parameters

Table 4, presents estimation of maximum heart rate (HR,,), aerobic power

Table 3. One-way ANOVA for BMI, EE, C.RATE.

Source DF SS MS F P
Factor 2 5063.78 2531.89 827.54 0.000
Error 57 174.39 3.06

Total 59 5238.17

S =1.749; R* = 96.67%; R* (adj) = 96.55%.

Table 4. Estimation of Maximum Heart Rate (HR

max

), Aerobic Power (VO,max), Oxygen
Consumption Rate (VO,) and Energy Expenditure (EE) with respect to Cutting Time and

Tool Wear Rate.
Average Number of Tool Wear
Subjects HR_,, VOZTnaX VO, EE . Cutting  Removed % Tool Rate
(ml/min/kg) (kcal/min) Time (s) Teeth ear (teeth/s)

S1 192.785 53.55 10.67 0.24 17.08 70 35 4.1
S2 193.47 47.57 10.93 0.28 17.93 120 60 6.69
S3 193.47 39.22 17.15 1.22 48.18 140 70 291
S4 194.155 38.32 15.85 1.02 17.08 94 47 5.5
S5 194.155 33.48 17.15 1.22 17.28 108 54 6.25
S6 194.84 40.59 15.08 0.91 24.14 79 39.5 3.27
S7 193.47 31.89 20.26 1.69 33.88 151 75.5 4.46
S8 192.1 51.46 18.44 1.41 30.47 112 56 3.68
S9 193.47 45.34 13.26 0.63 22.68 153 76.5 6.75
S10 194.155 32.36 17.67 1.30 15.87 82 41 5.17
S11 194.84 24.36 28.54 2.94 57.59 164 82 2.85
S12 193.47 28.45 27.50 2.78 22.23 90 45 4.05
S13 191.415 35.89 14.29 0.79 15.73 111 55.5 7.06
S14 194.155 26.24 24.65 2.35 14.33 29 14.5 2.02
S15 194.155 38.83 17.66 1.30 24.22 91 45.5 3.76
S16 194.84 28.37 22.06 1.96 21.72 47 23.5 2.16
S17 193.47 28.18 21.29 1.84 13.6 117 58.5 8.6
S18 192.785 39.08 14.81 0.87 36.65 68 34 1.86
S19 192.785 36.60 15.85 1.02 19.43 101 50.5 5.2
S20 194.155 39.36 14.82 0.87 10.89 104 52 9.55
Mean 193.61 36.96 17.90 1.33 24.049 101.55 50.78 4.79
Max 194.84 53.55 28.54 2.94 57.59 164 82 9.55
Min 191.42 24.36 10.67 0.24 10.89 29 14.5 1.86
SD 0.91 8.14 4.91 0.74 11.985 34.68 17.34 2.16

Vice Height = 0.94 m; Total number of teeth per Hack saw Blade = 200.
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(VO,max), oxygen consumption rate (VO,) and energy expenditure (EE) with
respect to cutting time and tool wear rate. In this analysis, the direct relationship
among the variables was ascertained.

The variations in VO,max for all subjects were from 24.36 ml/min/kg to 53.55
ml/min/kg, while EE varied from 0.24 kcal/min to 2.94 kcal/min. The mean +
SD for HR,,, and VO, were 193.61 bpm + 0.91 and 17.90 I/min + 4.91 respec-
tively.

As presented in Figure 2, also in Table 5, minimum wear rate of 1.86 teeth/s,
with overall wear percentage of 34% corresponded to subject S18 with EE of 0.87
kcal/min and 36.65 s cutting time on average. It was noted that subject 20 also
expended equivalent energy of 0.87 kcal/min within lesser average cutting time
of 10.89 s and 9.55 teeth/s wear rate (52%). This could be estimated in-part that
42.9% gained in operation time by subject S20 is amounted to 18% loss due to
tool management. Consequently, subjects S3 and S5 also expended the same
energy (1.22 kcal/min), but wear rates of 2.91 teeth/s and 6.25 teeth/s respective-
ly corresponded to average cutting times of 48.18 s and 17.28 s. This could imply
the relatively higher wear rate by subject S5 may be due to a decrease in cutting
time. This follows the same trend as subjects S18 and S20 (Figure 2 and Table
4).

The relationship between EE and Tool Wear Rate in one-way analysis of va-
riance, was statistically significant F = 45.87, P = 0.000 at 0.05 level (Table 5).
The R? and S indicate that, the EE explains 54.69% of the variation in the Tool

Wear Rate and the remaining 45.31% is not explained which means that the rest

12 - 3.5
-3
10 9.55
- 2.5
8
-2
6
- 1.5
4 .
0ds
2 1.935
0 0
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S13 S14S15S16 S17 S18 S19 S20
—— Tool Wear Rate (teeth/s) —— Cutting Rate (stroke/s) EE (kcal/min)

Figure 2. Relationship of physiological parameter, operational parameter and tool man-
agement.

Table 5. One-way ANOVA for EE and tool wear rate.

Source DF SS MS F P
Factor 1 119.88 119.88 45.87 0.000
Error 38 99.32 2.61

Total 39 219.20

S = 1.617; R* = 54.69%; R* (adj) = 53.50%.
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45.31% of the variation of EE is related to other variables which are not cap-
tured, while the standard deviation between the data points and the fitted values

is approximately 1.617 units.

4. Conclusions

Generally from the anthropometric analysis results coefficient of variations of
the measured parameters indicated normally distributed data (<10) except for
hand-width with and without thumb. Leg length has highest level of skewness to
the negative side with value of —84% and the hand-width without thumb is posi-
tively skewed, with highest value of 62%.

From the study conducted the results evidently assert that BMI, VO, and EE
have effects on cutting time, cutting rate and tool wear rate.

Body Mass Indexes (BMI) showed significant effects on interactions with EE,
cutting rate, and wear rate at a = 5%. Based on stated hypothesis, null hypothesis
was rejected.

It is evident that anthropometry variations have effects on physiological res-
ponses of individual subjects as well as tool management with F = 827.54, P =
0.000 and the R* value of 0.967.

The proper matching of machine requirements with the human capabilities is
basically necessary for optimum performance, it was observed that subjects S3
and S5 expended the same energy of 1.22 kcal/min, but different wear rates: cut-
ting time of 2.91 teeth/s:48.18 s and 6.25 teeth/s:17.28s respectively. It could be
deduced from this that the increase in wear rates of the tool is relatively corres-
ponding to decrease in cutting time by the subjects, as the same is applicable to
subjects S18 and S20.

The main contribution from this investigative study is that it serves as eye
opener into hazardous effect of fixed-vice height on manual hack-sawing users,
which may be unnoticed by many. Areas of biomechanics are more needful area
of attention for comprehensive information, as the scope of the work did not

address the area.
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