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Construction labor’s physiological workload based on labor’s
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Abstract. Construction craftwork is a physically strenuous and demanding occupation.
Physically demanding work leads to physical fatigue which is associated with decreased
productivity. This paper investigates the feasibility of measuring in situ physical demands
based on a labor perspective. In that case, physiological measures of energy expenditure data
were collected from 110 construction workers performing typical construction work, in this
case, is an ironworker. The measurement of energy expenditure during physical work activities
is considered a measure of the physiological workload experienced by construction workers.
The measured data were evaluated against published guidelines for acceptable levels of
physical performance. The result shows that the working load of ironworkers in Jakarta is very
heavy on 3.0925 Kcal/minute energy expenditure by labor perspective. This paper developed
for further applied research regarding the physical demands of construction work.

1. Introduction

Construction craftwork is a physically demanding occupation that leads to physical fatigue which is
associated with productivity decrease. This condition gives influence on time management as one
important variable in construction management. The nature of the construction services industry has
evolved where contractors rely on labor [1]. The more time the workers do their jobs, it decreases the
ability to convert chemical energy into mechanics [2]. In general, physical fatigue leads to productivity
and motivation decreased, disorganization, poor judgment, poor quality of work, job dissatisfaction,
accidents, and injuries [3-4].

Basically, productivity is influenced by 3 factors namely workload, work capacity and an
additional burden due to the work environment. Labor productivity is a fundamental part of the
information for estimating and scheduling construction projects [5]. The workload itself is related to
the physical, mental and social burdens that affect the workforce. Several previous studies have
suggested that workers who feel fatigued have difficulty with their physical and/ or cognitive functions
[6]. Labor has a very important role in improving construction performance [7-8].

Further studies of the physical demands of labor had been conducted since the 1950s and 1960s up
to now. Abdelhamid and Everett conducted research based on occupational physiology, energy
expenditure, oxygen consumption, and pulse rate. Understanding the physical needs of construction
work is essential to protecting safety and health while increasing labor productivity [9].

Based on the previous research above, this paper was describing preliminary research conducted in
Jakarta to identify the workload of construction workers from labors perspective with the ironworkers
as specific labor classification.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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2. Methodology

2.1 Data gathering

This preliminary research used the questionnaire as a research instrument for gathering data. The
questionnaire consists of 4 main variables which are: Level of ability, working expense, working
weight, and level of fatigue tiredness. These 4 variables are measured by several physiological
indicators each of which are obtained from the literature of previous research. The questionnaire
addressed to the ironworkers at a construction project as object goals in this research. Likert scale is
used to measure perceptions, attitudes or opinions of a person about an event or a social phenomenon,
based on the operational definition set by the researcher. In this research, the Likert scale with the
value of 1 (one) is the minimum value (not agree) up to the value of 5 (five) the maximum value
(strongly agree).

2.2 Data processing

The process of data analysis is done by calculating the value of the RII (Relative Importance Index)
method of each indicator on the questionnaire, which is based on workload, ability, fatigue level, and
psychological influence. The value of RII calculated by the formula:

Q
ln
RIL; = Z—l=1 : g
QXnyg
i = Question/ statement item
ng = Number of the respondent with [ score answer
l = Number of Likert scale
Q = Likert range

Each question RII value will be ranked from the largest RII value to the smallest. The workload of
each worker determined based on table physiological demands by construction trade (Abdelhamid,
2002) with the value of energy expenditure. Workload conversion is done by multiplying the value of
RII from each item of the question with the value of energy expenditure as in the following equation:

WL,=P, x EE, )
WL, = Workload indicator n
Pn = RII value of indicator n
EE, = Energy expenditure indicator n as table physiological demands

Then the next step is to calculate the value of the workload of ironworkers by sum up the value of
the first rank of workload for each independent variable which is the workload, ability, fatigue level,
and psychological influence.

WLvarl+WLvar2+WLvar3+WLvar4 (3)
4

WL Ironworker Total =

Energy expenditure calculation was done also with the same thing method, where each variable
was determine based on the top ranking of sub-variable, then the sum of it divided by 4 type variables.

3. Result and discussion

3.1 Result

The questionnaire consists of 4 variables and 21 indicators where variable workload had 4 indicators
which are respondents' opinions about their workload. The variable ability had 6 indicators consist of
how the ironworker doing their job. Variable fatigue consists of 8 indicators of working conditions
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that influence their physiological performance and variable psychology had 3 indicators of emotion
and environment influence. The research started by distributes the questionnaire to 60 ironworker
respondents where 51 gave back the responses.

RII analysis tabulated as seen on table 1 for ironworker perspective about working load they have
to bear, table 2 for their ability or competence, table 3 shows the level of fatigue on their perspective
and table 4 describes environment influence on their performance. This tabulation is the result of the

analysis.

Table 2. Working load for ironworker

Table 1. Working load for an ironworker. .
competencies.

5 5 = > 5 23 55 = > 5 =3
Z2 = i~ 25 < g =28 = g2 (SIS < S
$E S 25 <R= $ E o S e ST
3 2 < o < S 2 < o <
o< o W =3 o< o w e =3
[<5] - (3] -
(EE) (EE)
Q@ @) (Kcal/min) wi Q@ @) (Kealiming V!
3 0.82 1 5.65 4.63 1 0.82 1 5.65 4.61
4 0.75 2 5.6 4.22 2 0.80 2 5.6 4.50
1 0.70 3 3.53 2.48 5 0.76 3 5.31 4.06
2 0.67 4 2.61 1.74 4 0.72 4 3.53 2.53
3 0.69 5 3.53 2.45
6 0.66 6 2.61 1.73
Table 3. Fatigue level of an ironworker. Table 4. Psychology impact.
[<5] (5]
S5 2 = 23 5 5 =2 >3 o3
722 = g 25 < S 722 = ' 25 <z S
$E S IS <R= $E S I <R=
= < =2 < =] < =1 <
o< o < = o o< o < = o
(EE) (EE)
Q (Kcal/min) wi Q () (Kealmin) V!
2 0.94 1 5.65 5.32 1 0.79 1 3.53 2.78
4 0.84 2 5.60 4,72 2 0.75 2 3.53 2.63
1 0.78 3 5.31 4.16 3 0.69 3 2.61 1.79
3 0.74 4 5.31 3.96
5 0.67 5 3.86 2.60
6 0.67 6 3.53 2.38
7 0.66 7 3.53 2.34
8 0.62 8 2.61 1.62

The RII analysis gave 4 sub-variables which are: continuously works for physically load variable, type
of tools for competencies, the power requirement for fatigue and rest time for psychology impact, as top-
ranking answered by the ironworkers.

The total amount of ironworker working load by summing the amount of each variable divided by
4 to get average, gives 4.31 Kcal/minute based on the ironworker perspective. The above results are
based on energy expenditure relative to the perspective of the construction workforce (ironworker).
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3.2 Discussion

Ironworkers have a workload based on energy expenditure of 4.31 Kcal/min Energy expenditure
values obtained from the physiological demands by construction trade table. This result classified
ironworker jobs at a very heavy level. This is a suitable result with some previous research which
states that the work of the smith or ironworker classified as heavy work [10].

It is clear that ironworkers work beyond the generally accepted reasonable threshold for energy
expenditure. Not surprisingly the workers were exhausted at the end of their working day. If the
worker cannot get around or find alternative work, then the worker can face the dilemma of continuing
his work caused by fatigue.

4. Conclusions

This paper reports the physiological workload from the perspective of its specific workers. The
workload of ironworkers is 4.31 Kcal/min. The findings of this research reveal that based on the
energy expenditure; the ironworker workload is classified as level very heavy work [11]. This may
cause experience physical fatigue, leading to a decrease in productivity and motivation, lack of
attention and decision making, poor quality of work, accidents, and work-related injuries.

The main purpose of this study is to address the need to change the policy philosophy of safety in
the field of construction. This can be done by applying physiological work to the workplace. This
study is only limited to the calculation of the workload of construction workers from the perspective of
the workers itself and it is associated with the value of energy expenditure. Further research should
investigate not only the value of energy expenditure but also other factors that can show more accurate
results.

Additional research is also needed for other types of workers and shows how the workload will
affect the changes in the workforce. This will assist workers and managers in identifying opportunities
to reduce workload or work fatigue and introduce work procedures that accommodate the capabilities
of all workers while increasing productivity.
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