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Abstract. Many of those working on construction sites are exposed to demanding work loads; construction workers lift
and carry heavy materials and work in awkward postures. Occupational injuries and accidents due to poor ergonomics are
more common in the construction industry and many times lead to human tragedies, disrupt construction processes and
adversely affect the cost, productivity, and the reputation of the construction industry. In Sweden, it is reported that con-
crete workers have the highest relative work-related musculoskeletal injury frequency. Therefore, the use of ergonomic
production methods to prevent this can have a significant human, social and financial impact. Research introduced here
presents a case study of comparative analyses of ergonomic situations for concrete workers performing concrete casting
processes. Three different ergonomic risk assessment methods were used to assess the physical strain, hand-arm vibration
and noise affects risks involved in concrete casting work tasks. The combination of technical and managerial factors re-
sults in a system where workers are as efficient and safe as possible during their work tasks, and thus, makes the construc-
tion work environment sustainable.

The aim of our research is to find practical methods to evaluate and compare two different concrete casting methods from
an ergonomic perspective. The focus is on the production of cast-in-place concrete bridge constructions where the tradi-
tional concrete casting method is compared with the SCC (Self-Compacting concrete) casting method. To be able to iden-
tify work-related musculoskeletal injury risks due to concrete casting work tasks, QEC (Quick Exposure Check for mus-
culoskeletal risks), PLIBEL (Checklist for identification for Ergonomics Hazards) and ErgoSAM (Ergonomic production
technology method) methods were used. Ergonomic risks analysis methods QEC, PLIBEL and ErgoSAM have all shown
capabilities to evaluate construction work activities and thus determine whether a construction work activity constitutes a
musculoskeletal risk to the worker or not before any ergonomic intervention is introduced.

As a result the present ergonomic risks emanating from work methods used in the traditional concrete placing can be sig-
nificantly reduced with the use of self-compacting concrete (SCC) that eliminates awkward work postures, noise and hand
arm vibration, thereby reducing if not eliminating musculoskeletal injuries among concrete workers during their concrete
casting work tasks.

Keywords: sustainability, construction industry, concrete casting, concrete workers, ergonomic risk assessment, design

and constructability.

1. Introduction

The construction industry is one of the most significant in
terms of impact on the health and safety issues of their
workers and according to Fung et al. (2008), the construc-
tion workers are at a higher risk of developing WMSDs
(work-related musculoskeletal disorders) than workers in
other industries. In Sweden, between 2008 and 2009,
450,000 people were employed in the construction indus-
try. For many workers, their involvement in the industry
leads to pain and suffering associated with different occu-
pational injuries such as WMSDs which account for 65 per
cent of all injuries among construction workers (Samuels-
son 2008). Detecting injury risks of a construction site that
could cause harm to workers is crucial for successful
health and safety management, because a hazardous work
environment affects not only workers health and safety but
also the time and cost of the project (Kyo-Jin, Langford

2006). If the work environment is incorrectly estimated the
workforce will be exposed to possible risks of work-related
injuries which in the long run could slow down their opera-
tions undermining their productivity and increasing the
possibility of unwanted accidents, thereby eventually in-
creasing both time and costs for a specific project. Thus,
promoting site health and safety is worth paying its finan-
cial costs rather than suffering from economical or produc-
tion losses associated with a lack of health and safety, fur-
thermore safety performance is perceived more and more
as being an indicator of total operational efficiency in con-
struction projects (Larcher, Sohail 1999; Fernandez-Muiiiz
et al. 2009).

Health and safety problems in the form of work-
related illnesses and accidents cost money; which will
ultimately be paid for by the client either directly or indi-
rectly. Therefore, cutting the sector’s high incidence of
accidents and work-related illnesses could save for exam-
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ple the EU and its taxpayers up to 75 billion Euros (esti-
mated to be about 8 percent of the total project costs) a
year, claims the European Agency for Safety and Health
at Work (2004).

Due to direct and indirect costs generated by an un-
healthy construction work environment, both researchers
and practitioners are constantly looking for better strate-
gies and action plans to tackle health and safety issues in
the production planning and construction processes.
Through an adequate review of literature on the preven-
tion of musculoskeletal disorders, Gervais (2003) stated
that the integration of health and safety considerations
into the planning of construction work, adoption of good
management practices, provision of adequate training,
improvement of working conditions, and elimination of
biomechanical hazards was a satisfactory approach to
prevent these injuries.

1.1. Work-related musculoskeletal disorders
(WMSDs) magnitude

Pain, discomfort and loss of function in the back, neck
and extremities are common among construction workers.
These ailments are commonly termed Work-related Mus-
culoskeletal Disorders (WMSDs). WMSDs are caused by
or exacerbated by exposure to work related risk factors.
They frequently lead to workplace absenteeism and early
retirement. They are a prominent problem affecting
workers in Europe. According to a European survey car-
ried out in 2005, up to 25% of workers in the EU27 re-
ported back pain, and 23% muscular pain related to work
(European Agency for Safety and Health at Work 2010).
The Swedish construction work environment is re-
garded as the safest in the world (Flanagan et al. 2001) on
the subject of physical health, working conditions, ill-
nesses and accidents. Nevertheless, work environment
related health problems are still to be tackled. Stress and
other mental strains at work present the most dramatic
development in recent years. However, the most common
cause of work-related disorders in the recent fifteen years
(from 1994 to 2009), has been the physical strain on the
musculoskeletal system (Rwamamara 2007; Samuelson
2010). In the Swedish construction industry more than
one man in five, twice as many as for all men employed,
report work-related musculoskeletal disorders; this corre-
sponds to 50,000 men (Lundholm et al. 2007). It is obvi-
ous that musculoskeletal illness is the construction indus-
try’s biggest problem (71% of all reported work-related
injuries in 2007), these injuries are caused by the ergo-
nomic risk factors, where the most common risk factors
are heavy lifting, strenuous work postures, repetitive
operations and prolonged one-sided work (Samuelsson,
Lundholm 2006; Samuelsson 2008). Different occupa-
tional groups in the Swedish construction industry are
affected by work-related musculoskeletal disorders
(WMSDs) at different frequency levels; however the
highest relative frequency of reported WMSDs belongs to
the concrete workers (Lundholm et al. 2007). The associ-
ation between occupational risk factors, such as awkward
postures, repetitive motions, heavy lifting, and WMSDs
among concrete workers has been established by previous

research (Hess ef al. 2004; Goldsheyder ef al. 2004). The
cost to the worker of WMSDs is pain, along with loss of
income through being unable to work.

1.2. Construction work environment sustainability

A sustainable development occurs when people’s needs
and welfare are taken into account without neglecting
other aspects in the environment. In a sustainable society,
the social, economic and environment related factors are
dealt with in a manner that protects our environment. For
the construction sector this entails the ability to produce
buildings and infrastructure with less environmental im-
pact as well as improving productivity and life quality.
This further requires that sustainable development should
not only be about the physical environment but also about
people and their interaction (Halliday 2008).

The objective of construction work environment sus-
tainability is derived from the concept sustainable safety
and health in construction which was introduced by Sathy-
anarayanan Rajendran and John Gambatese at Oregon
University in USA. Current sustainable, or “green”, design
and construction practices are according to the researchers
primarily aimed at minimizing environmental and resource
impacts and improving the safety, health, and productivity
of a building's final occupants. Designing and constructing
buildings using current sustainability practices may, or
may not, benefit construction worker safety and health.
However, if a building is to truly be labelled sustainable,
its design and construction must address worker safety and
health during all lifecycle phases, including the construc-
tion phase (Gambatese, Rajendran 2006).

2. Research objective

Considerable research has been carried out to evaluate
WMSDs in the construction industry and to identify inter-
vention requirements to reduce risk levels. However, little
research has been carried out that focuses on the individual
trades within the industry. This is particularly true for the
concrete casting trade. The research objective of the work
reported in this paper is a two-fold objective. The objective
is to determine the impact of the work methods employed
for concrete casting in bridge construction in Sweden that
impose WMSD risks to concrete workers and further rec-
ommend a working method that is conducive to a sustaina-
ble work environment for concrete workers. Hierarchical
task analysis (HTA) was used to describe and analyze
concrete tasks. In this study, two different concrete casting
methods (i.e. traditional vibrated concrete and the self-
compacting concrete (SCC) were compared and concrete
casting tasks were assessed for occupational exposure to
hand transmitted vibration (HTV) and noise, as well as for
WMSD risk using the Quick Exposure Check (QEC),
PLIBEL checklist and ErgoSAM method.

3. State of the art literature review

3.1. Concrete casting work methods

Concrete mixes that are easy to handle and place have most
always been preferred by practitioners, and to achieve this
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with traditional vibrated concrete (TVC) it has been cus-
tomary to increase the level of consistence to make the mix
more flow-able (e.g., De Schutter ez al. 2008). For compac-
tion of the TVC and to de-aerate and hence create the
strength of the concrete, poker vibrators and other types of
vibrators are used. These vibrators produce high noise
levels and when working with these tools, the work is often
carried out in unhealthy postures, (Fig. 1 a—d below) result-
ing in a number of workers carrying around and using
heavy equipment compacting the concrete. On the contra-
ry, most often projects are under staffed due to a lack of
qualified workers. This somewhat negative balance gener-
ally results in a poor working environment, unnecessary
stress during different working operations, lower produc-
tivity, and a more expensive production when compared to
other parts of the construction industry and other lines of
work e.g. manufacturing industry.

According to a study at Danish Technological Uni-
versity, DTU (Nielsen 2006) 10% of a concrete worker’s
average day consists of concrete casting activities e.g.
pouring, vibrating and curing the concrete, thus working
in stressful working postures and being exposed to back
pains.

As an alternative to traditional vibrated concrete,
Self Compacting Concrete (SCC) has been introduced.
SCC is a concrete where no additional inner or outer
vibration is necessary for the compaction, as the concrete
compacts itself alone due to its self-weight when flowing

i

c)

Fig. 1. Work postures when compacting traditional concrete in
wall structure: a) Lifting the poker vibrator to the formwork;
b) Lowering and/or raising it into/up from the formwork;
¢) Checking if concrete is vibrated enough; d) Lifting the poker
vibrator to the next spot for vibration
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in the formwork. For the success of SCC, it is crucial to
define the performance of the product, which can, accord-
ing to the Growth project Testing-SCC, be differentiated
into three main parameters: 1) Filling ability; 2) Passing
ability and 3) Segregation proneness (Emborg et al.
2005). For these parameters, criteria should be estab-
lished to be met by a proper mix design depending on the
geometry of the structure to be cast, reinforcement, form
type and, method and local tradition on how to pour the
concrete (Fig.2a and b). In structural members with a
high percentage of reinforcement it also easily fills all
form voids and steel gaps.

b)

Fig. 2. SCC being pumped into formwork (a); Slumpflow test
on SCC measuring approximately 740 mm (b)

In general SCC offers many advantages for cast-in-
place construction as well as for the precast and pre-
stressed concrete industry. In regard to the working envi-
ronment the following are worth mentioning, less noise-
level problems at construction sites, i.e. easier communi-
cation, eliminated problems associated with heavy vibrat-
ing equipment, improved quality and durability results in
less rectification work and reduced concrete volumes due
to higher strength (Cussigh 2007; Emborg et al. 2007).
According to recent international findings, SCC is on the
cutting edge of scientific and technological developments
(Shah et al. 2007; Cussigh 2007).

3.2. Early design for safety and buildability

The intention of design is to produce a structure which is
buildable, durable, maintainable and aesthetically pleas-
ing (Ray 1996). It is therefore important for designers to
also bear in mind workers’ safety both during construc-
tion and maintenance when designing a project. Hence,
designers influence the ergonomic environment directly
through concept and detailed design; designers also
choose structural frame and materials to be used and
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hence influence the logistics and the way materials are
handled at the construction site. Unfortunately, many
designers and planners have the need for more knowledge
of construction sites to understand how their decisions
will influence the work being carried out at site (Jergeas,
Van der Put 2001).

To be able to utilize new ideas and to improve e.g.
productivity and/or safety such as is the case with SCC,
the design phase needs to be in focus.

De Schutter et al. (2008) claim that in order to be able
to obtain maximum benefit from SCC, it is important to
adopt the technique as early as possible during design, thus
making it possible for this technology to be adopted and
used during the construction process. Consequently, the
design decisions affect how a building or a bridge is to be
built and determine the types as well as level of resources to
be involved in the conversion process (Wong et al. 2004).

Adams (1989), listed 16 parameters affecting builda-
bility. One of them is “Design for safe construction”, in
which he concludes that the design must be arranged so
that working with materials and components and wherever
traversing for access on a constructions site is essential, it
can all be performed in a safe manner. A commonly ac-
cepted definition of Buildability is “the extent to which the
design of a building facilitates ease of construction” (Ray
1996), i.e. buildability is about how the design can make
the construction phase more efficient, productive and safe
according to Adams (1989) and Ray (1996).

Furthermore, to be able to achieve good productivity
at a production site, the workers need to feel safe in their
work environment. The design stage is thus important for
the health and safety of workers, the productivity at a
construction site and the amount of waste produced at a
house or a bridge project.

3.3. Economy of health and safety

There are direct and indirect costs for a company associ-
ated with workers’ sick leaves. Direct costs are such per-
sonal costs seen in companies’ bookkeeping/accounting,
examples of such are, sick leave pay, social fees, vacation
salary, and insurance fees. Indirect costs are such costs
that are not related to workers e.g. production loss costs,
loss of quality costs.

During the 1920s, according to Rose and Orrenius
(2006), Heinrich (Heinrich 1931) performed studies on
accidents within companies; he suggested that a company’s
indirect costs were four times higher than the direct costs.
Rose (2001) calculated the indirect costs caused by work
related personal injuries i.e. accidents and diseases to be 19
times the direct costs for companies within the construction
industry. According to the European Agency for Safety
and Health at Work (2010) the indirect costs for WMSDs
lies between 10 to 30 times higher than the direct costs. In
this report they found that the estimated costs for WMSDs
is per person affected each year between 6800 € and
11200 €, this cost comes from high absence rates and
productivity losses. The absenteeism due to workers being
sick affects the productivity by about 7%, according to this
study, for instance, one can say that the timetable for each
project is delayed by about 7%.

According to the Swedish Social Insurance Agency
(2004) injury cost estimations, the single biggest cause
for sick leaves is back pain which accounts for 15% of all
sick leaves among men and 12% of sick leaves among
women. The average of the total back pain illness com-
pensation per case for men (focusing on men which con-
stitutes 92% of the construction industry’s workforce) is
approximately 4 600 €, this cost denotes 45 € per sick
leave day. Back pain is the most common illness among
men, accounting for 17% of all sickness compensations.
Considering only the construction industry, Samuelsson
and Lundholm (2006) reported that out of all 1582 cases
of sick leaves caused by occupational illnesses reported
in the year 2004, some 1342 of them were caused by
ergonomic risk factors (including vibration and noise).

Furthermore, 279 cases of WMSDs were reported
among concrete workers in Sweden (Lundholm, Swartz
2006), their sick leave compensations could approximate-
ly cost up to 1.3 million € for the Swedish taxpayers. This
number should be evaluated in contrast to the consump-
tion of ready mix concrete (RMC) which in Sweden is
roughly 3 million m® per year. If these numbers are ex-
trapolated into figures related to the EU, the cost would
end up as 214 million € for the European taxpayers, since
the total consumption of RMC in the EU is approximate-
ly 491.5 million m® per year. There are of course other
direct and indirect costs such as productivity loss and
hiring substitute workers that are often not calculated.

4. Assessment tools and methods
4.1. Interviews and observations

Along with interviews with concrete workers, observa-
tions were performed in the form of site-walkthroughs.
Moreover, the work situation was filmed with a video
recorder and the film was analysed after the construction
sites visits. The analysis of concrete casting work situa-
tions was carried out on the computer at the office,
whereby the ambiguous parts could be repeated and expe-
rienced concrete workers could be consulted.

The filming was done on three bridge construction
sites where traditional concrete casting and the SCC cast-
ing were used. Traditional concrete casting (Fig. 3a) pro-
duces substantial noise levels and vibrating tools are used
for concrete compaction; whereas the SCC casting (see
Fig. 3b) uses a self-compactable concrete. SCC compacts
itself under its own weight and is de-aerated almost com-
pletely while flowing in the formwork without the need
for the labour intensive vibration usually associated with
concrete placing.

4.2. Risk analysis methods

Using the data from interviews with workers, observa-
tions of the workers placing concrete as well as the video
films of the work situations; three ergonomic risk analy-
sis methods, the ergonomic checklists QEC, PLIBEL as
well as ErgoSAM were used to assess the level of muscu-
loskeletal risk exposure in the two different concrete
casting work methods.
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Fig. 3. Typical work situation during traditional concrete cast-
ing (a); Typical work situation during SCC concrete placing (b)

The Quick Exposure Check (QEC) was developed at
Robens Centre of Health Ergonomics, University of Sur-
rey, UK (Li, Buckle 1997, 1999). The method is used to
assess exposure to WMSD risk factors for the back, shoul-
der/arm, wrist/hand, and neck. Both the observer and the
worker collect data. The observer completes a checklist on
the worker’s postures’ and repetitive movements with
respect to four body areas: back, shoulder/arm, wrist/hand
and neck. In the worker’s case, a checklist is used to record
information about the task duration, maximum weight
wrist, hand force exertion, vibration, and visual demands
of the task. Body area scores are calculated by combining
the data from both checklists and comparing the result to
values in the QEC assessment tables. Action Level scores
are calculated for each body area using Equation (1), de-
veloped by Brown and Li (2003):

QEC% Score = (E/E™) * 100, 0

where: E — body area exposure score; E™ — maximum
potential body area exposure score.

The best possible score that can be obtained for each
body area is 0%, while the worst possible score is 100%.
A score below 40% is deemed to be acceptable and no
work related intervention is required. Scores above 40%
indicate that the body area in question is at risk of devel-
oping WMSDs and requires intervention to reduce the
risk. The Action Levels for QEC are presented in Table 1
(Brown, Li 2003). Fundamentally, the greater the score
the greater the WMSD risk for each body area.

Assessments can take place in real time while the
workers carry out their tasks, or by recording postures
using video or photographs for later analysis off-site.
QEC is comprehensive, quick, user friendly and simple to
use. The method is found to have good sensitivity and
usability (David ef al. 2008) and it is applicable to a wide
range of tasks such as manual handling, repetitive tasks,
and static or dynamic work (Li, Buckle 1997, 1999).

Table 1. Action Levels for QEC

Action Level Rlerggfg;[g;gl; d QEC% Score
1: Acceptable | Acceptable posture <40%
risk
2: Moderate Further investigation 40-49%
risk needed; changes may be
required
3: High risk Investigation and changes 50-69%
needed soon
4: Very high Investigation and changes >70%
risk required immediately

The PLIBEL method (Kemmlert 1995, 2006) is a
checklist method that links questions concerning awk-
ward work postures, work movements, and design of
tools and the workplace to specific body regions. In addi-
tion, any stressful environmental or organizational condi-
tions should be noted. In general, the PLIBEL method
was designed as a standardized and practical assessment
tool for the evaluation of ergonomic conditions in the
workplace.

Furthermore, another analysis method, ErgoSAM
was used to evaluate the risk for musculoskeletal injuries,
ErgoSAM is a production technology method designed
for use by SAM-authorized engineers with a certain level
of proficiency in load ergonomics. The method is based
on Sequence-Based Activity and Method Analysis
(SAM) and has been expanded with the addition of in-
formation about working area (zone) and weight of ob-
jects handled (Amprazis et al. 2002).

4.3. Comments on risk assessment methods

QEC and PLIBEL as methods for musculoskeletal risks
identification are both easy to use and quick to execute
while assessing a working environment such as a con-
struction site. QEC focuses its risk assessment on four
upper body regions and PLIBEL assesses risks for the
same body parts in addition to the lower body regions,
thus serving as an adequate complement to the QEC
method.

Although both QEC and PLIBEL methods make it
possible for the most important risk factors for WMSDs to
be assessed, in the case of concrete casting, hand-arm vi-
bration risks are not referred to specifically, instead both
methods look at the vibration risk in general. Both QEC
and PLIBEL checklists are simple to use and are not time
consuming. Most importantly, these two risk assessment
methods facilitate a partnership between the practitioner
and the worker to make the assessment of musculoskeletal
risks. Thereby encouraging participative ergonomics to
bring about solutions or ergonomic interventions that are
based on worker consultation and worker’s partial evalua-
tion of his/her work environment problem. For example,
David efal. (2008) highlight that QEC is of value in
prompting improvements and in evaluating the benefits
(reduction in exposure to WMSD risk factors) by provid-
ing a structured process to help prioritize the need for
change in working methods. It can form a basis for com-
munication between management, production engineers
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and designers when evaluating interventions and allocating
resources to fund improvements (David 2005).

4.4. Noise

Noise is generally emitted as a by-product of the processes
in construction and other industrial settings. Construction
work involves many work situations where noise might be
harmful to construction workers’ hearing. The Council of
European Communities (2003) in its directive 2003/10/EC
lays down the minimum health and safety requirements to
protect workers from the risks of noise exposure. The basic
parameters of environmental noise are: 1 — intensity or
sound pressure level; 2 — frequency content; 3 — variation
with time. The sound pressure level is expressed on a loga-
rithmic scale in units of decibels (dB).

The sensitivity of human hearing varies with fre-
quency. A frequency weighting filter, the A-weighting
filter, is commonly used when measuring environmental
noise to provide a single number level descriptor that
correlates with human subjective response. Sound pres-
sure levels measured using the A-weighted filter are no-
tated as dB(A).

The A-weighted sound pressure level is widely ac-
cepted by acousticians as a proper unit for describing
environmental noise (Drugd et al. 2007). The daily and
weekly noise exposure levels (Lgxs,) are the time-
weighted average of the A-weighted sound pressure lev-
els for a nominal eight-hour working day or a nominal
week of five eight-hour working days as defined by inter-
national standard ISO 1999:1990 (EC 2003).

According to the Swedish Work Environment Au-
thority (2005), limit values of the noise exposure level for
workers are established, Table 2. There are different limit
values depending on whether the worker is using hearing
protection or not. The lower limit of Lpxg, 80 dB(A)
implies that no action is needed. When the value increas-
es and is in between 80—85 dB(A) the worker needs to
use hearing protection. When the exposure level increases
over 85 dB(A) specific action needs to be taken. This can
include information and education, a specific plan of
action, regular hearing checks and using other technical
solutions. Using SCC, a different technical solution, the
compacting work is eliminated and therefore the sound
associated with the vibrating moment is eliminated (Shah
et al. 2007).

Table 2. Limit values for noise exposure levels according to
the Swedish Work Environment Authority (AFS
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5. Results and discussion

Measurements from castings of two similar superstruc-
tures with approximately similar amount of reinforcement
were used for the evaluation of the PLIBEL and QEC
checklists respectively. The first project was cast using
self compacting concrete and the other one was cast with
traditional vibrated concrete. When it comes to the verti-
cal castings, ErgoSAM and QEC checklist were used for
the evaluation. Two different plate structures with about
the same measurements (height and width) were studied
during casting also using self compacting concrete in the
first and traditionally vibrated concrete in the second
project.

5.1. PLIBEL checKklist results

The PLIBEL checklist for concrete workers task of cast-
ing the traditional concrete reports a moderate percentage
(38.1%) for risk factors present for the lower back, and
low percentage (36.4%) of risk factors present for the
neck, shoulder, upper back, elbow, forearm and hands
(Table 3). For the worker’s SCC casting task, the
PLIBEL checklist reports a low percentage (between 23
and 25%) of risk factors present for the feet, knees, hip
and low back. Table 4 shows that both methods of con-
crete casting share several environmental and organiza-
tional modifying factors with one exception regarding the
hand-arm vibration risks which are particular to the com-
pacting of traditional concrete casting. Two similar
bridge construction projects are compared in Table 3. The
results in Table 3 give the score of potential body regions
for musculoskeletal injury risks. The score for environ-
mental and organization risk factors are used to modify
the interpretation of musculoskeletal scores.

Table 3. PLIBEL score for musculoskeletal risk factors scores
for slab concrete casting work tasks

Musculoskeletal Risk Factors Scores

i)

52| ¢ T | %

3 aal Y é < 5

4281238 5|84 >

= RS

zaS|E2g| £ |25 S

SUM (Conventional 9 4 2 |2 8
concrete casting)

SUM (SCC casting) 4 1 2 2 5

Percentage (Conven- 34.6 364 | 25| 25 | 38.1
tional concrete casting)

2005)
Percentage 15 9 25 | 25| 238
Lower | Upper Limit (SCC casting)
limit limit value

Daily noise 80 85 Daily noise 85 Table 4. PLIBEL results for environmental and organizational
exposure level exposure level factors slab concrete casting work tasks
Lex s (dB) Lex s (dB) - — -
Maimum _ 115 Maimum 115 Environmental / Organizational Risk Factors Score
A-adjusted A-adjusted SUM (Conventional concrete casting) 7
value Lpa p max value Lo p max SUM (SCC casting) 6
(dB) (dB) . ,
Impulse value 135 Impulse value 135 Percentage (Conventional concrete casting) 70
Lpea (dB) Lyea (dB) Percentage (SCC casting) 60
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The PLIBEL checklist for the concrete worker at
wall concrete casting tasks (Tables 5 and 6) while using
traditional concrete, reports a moderate percentage (be-
tween 37 and 50%) of risk factors present for the neck,
shoulder, upper back, and lower back. Whereas the con-
crete worker was casting the SCC, PLIBEL checklist
reported much lower percentage (between 8 and 25%)
which means that by using SCC there is less likelihood of
injury risks to these body regions.

Table 5. PLIBEL score for musculoskeletal risk factors for wall
concrete casting work tasks

Musculoskeletal Risk Factors Scores

% o] v
L = | &
<38 33 g . 8
3o &l2885| 8|24 2
z5S|EEZ| & |98 3
SUM (Conventional 10 5 3 3 8
concrete casting)
SUM (SCC casting) 2 1 2 2 3
Percentage (Conven- 40 50 37.5137.5| 40
tional concrete casting)
Percentage 8 10 25 (25| 15
(SCC casting)

Table 6. PLIBEL results for environmental and organizational
factors for wall concrete casting work tasks

Environmental / Organizational Risk Factors Score

SUM (Conventional concrete casting) 5
SUM (SCC casting) 3
Percentage (Conventional concrete casting) 50
Percentage (SCC casting) 30

According to Table 6, several environmental and
organizational modifying factors are present as well in
both two types of concrete casting, even though these
modifying factors are higher in the traditional concrete
casting than in SCC casting.

5.2. Heirarchical Task Analysis and QEC Checklist
results

The Hierarchical Task Analysis (HTA) was used to high-
light elements of concrete casting tasks that expose con-
crete workers to WMSD risk factors as part of their nor-
mal working day, specifically; sustaining awkward
postures, working at above shoulder height and frequent
lifting of vibrating electric or pneumatic pokers.

5.2.1. WMSD risk factors for body areas assessed

Back: The concrete workers’ backs were in almost neu-
tral posture when casting SCC both vertically (wall cast-
ing) and horizontally (floor casting), However when the
workers’ backs were slightly flexed when performing the
concrete casting of the floor using TVC.

Shoulder/arm: The majority of work was carried out
between shoulder and hips level when concrete casting a
wall, and below chest and hips height when concrete
casting the floor. The concrete worker’s shoulders and
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arms were frequently moving in all tasks except when
SCC was used.

Wrist/hand: Concrete workers adopted postures
which involved frequent and repetitive flexion and exten-
sion of the wrist/hand. This was particularly prevalent
when casting TVC in walls where the concrete poker
needs to be frequently lifted and lowered from one spot to
another.

Neck: When performing concrete casting the walls
using TVC, concrete workers’ necks were sometimes in
an extended posture. In contrast, their necks were occa-
sionally flexed when working with SCC.

5.2.2. The quick Exposure Check (QEC)

The mean QEC scores obtained for the body areas for the
seven tasks are presented in Fig. 4. All the body areas
were found to be at significant of developing WMSD’s
during all tasks done in concrete casting using TVC, in
particular when doing vibrating concrete in the walls.
Except for the concrete casting using SCC on the floor,
all other cases have generated Mean QEC scores that
were greater than 40%. This is equated to Action Levels
2, 3 and 4 which indicated moderate, high and very high
WMSD risks respectively (see Table 1). The interven-
tions recommended for each Action Level are presented
in Table 1.

In accordance with the QEC % exposure scores ob-
tained in Fig. 2, it shows that in the studied case study all
conventional concrete casting work tasks have high levels
of exposure for the back especially when using the con-
crete vibrator. These high levels of exposure should be
reduced.

The average exposure scores are high for the shoul-
der/arm body area, and the exposure levels are very high
when using the concrete poker. Performing the concrete
casting tasks on a horizontal plane (floor) or vertical
plane (wall) seems to have the same effect on the shoul-
der/ arm, except when the concrete vibrator is used, when
it is indicated that the exposure levels were slightly

90
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o1 Shoulder
Neck | Wristhand | 0t'® Back
|mscc casting (floon) 22 52 32 25
W Smoothing SCC 66 56 46 53
surface (floor)
O TVC casting (floor) 66 69 64 57
W Vibrating TVC (floor, 77 73 71 71
0 TVC casting (wall) 66 60 53 57
O Vibrating TVC (wall) 7 82 82 82
W SCC casting (wall) 66 56 46 53

Fig. 4. QEC % scores for concrete casting tasks
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reduced when vibrating the concrete on the floor in com-
parison to vibrating the concrete in the wall.

Fig. 4 also shows that the high exposure scores in
wrists and hand during the conventional concrete casting
especially when the concrete poker is used. There is still
no major distinctive difference between the exposure
levels during concrete casting on the floor or on the wall.
Furthermore, Fig. 4 indicates that all work tasks have
high exposure levels for the neck except for the work task
of smoothing SCC surface. These high exposure levels
are explained by the time factor (4 to 8 hours workday)
which does not change for the concrete worker.

It was also observed and further confirmed by the
concrete workers answers related their work organization
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and environment that other work-related health risks
(such as vibration, work pace, stress and driving at work)
do occur due to the environmental and organizational
factors that are present in both concrete casting methods,
with the exception of the vibration risk factor, in which
case hand-arm vibration only affects the workers while
casting the conventional concrete which requires a com-
pacting process. Risk to musculoskeletal injury due to the
work pace adopted during SCC concrete casting was
quasi absent; however for the conventional concrete cast-
ing, QEC results reported moderate exposure levels. This
is explained by the fact that the concrete worker has to
vibrate the conventional concrete as soon as it is cast and
before the concrete settles.
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Fig. 5. ErgoSAM analysis of a short work cycle of a concrete worker working with TVC (traditional Vibrated Concrete). Measured
cube mean value = 18.2. A cube value under 6 is acceptable, 6 to under 9 is conditionally acceptable and 9 and above is unacceptable
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Fig. 6. ErgoSAM analysis of concrete worker‘s short work cycle during SCC casting. Measured cube mean value = 5.7. A cube value
under 6 is acceptable, 6 to under 9 is conditionally acceptable and 9 and above is unacceptable
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5.3. Ergonomic analysis, ErgoSAM results

After observing concrete workers performing their jobs
on the construction site, and after informal interviews
with concrete workers, the classic work cycles for differ-
ent methods of concrete casting became obvious. Based
on this information, video films were taken and analyses
of representative short work cycles were performed to
identify any risks for WMSDs for concrete workers per-
forming their tasks using different construction methods
namely conventional and industrialised methods. Results
of the analyses for representative work cycles are pre-
sented in Fig. 6, where different loads on concrete work-
ers are represented by Cube values.]

The Cube value or the load level falls within three
levels; where under 6 is acceptable, 6 to under 9 is condi-
tionally acceptable and 9 and above is unacceptable. For
example, the work cycle mean value of 18.2 obtained in
ErgoSAM analysis in Fig. 5 falls into the unacceptable
area. Here the concrete workers are casting a relatively
small plate structure, only about 3 metres high. During
casting they are constantly lifting the heavy poker vibra-
tors in awkward working positions and repositioning the
vibrators into the concrete (see Fig. 1 a—d above) result-
ing in an unacceptable working environment according to
the ErgoSAM model.

The above discussed results of TVC should be com-
pared to the findings in Fig. 6, when a similar plate struc-
ture was cast with SCC. The work cycle mean value of
5.7 was obtained in the ErgoSAM analysis in the case of
SCC casting, thus making these work tasks acceptable as
far as the worker’s work-related musculoskeletal health is
concerned, and hence entails no risk factors for WMSDs.
Consequently, it becomes obvious that the normal con-
crete casting work exposed the worker to WMSD risk
factors, over three times higher than working with SCC
casting.

6. Conclusions

Employees who are well and content with their work are
a key factor in a successful company. It is vital for the
company to ensure that the working environment and
conditions provide the right setting for employees to
achieve peak performance in their work. Apart from the
personal discomfort involved, work-related problems and
ill-health cost money in the form of impaired quality,
productivity losses, and increased employee turnover and
sick leave. Occupational safety costs will ultimately be
paid for by the client either directly or indirectly.

In this study, the comparison between traditional vi-
brated concrete (TVC) and Self Compacting Concrete
(SCC) has indicated that SCC impact of working condi-
tions (physical strain, hand-arm vibrations and noise) is
very important in terms of concrete workers’ musculo-
skeletal health as the SCC casting eliminates hand-arm
vibration and reduces strenuous physical work which are
usually an integral part of the traditional concrete casting
i.e. musculoskeletal disorders.

The casting of TVC and SCC were analyzed using
three exposure assessment methods; PLIBEL, QEC and

ErgoSAM. The high amount of effort required to vibrate
the TVC between the steel reinforcement structures is a
risk factor associated with this process as compared to
SCC. The models gave the following results:

— PLIBEL: Using SCC instead of TVC shows a risk
reduction of five times for neck, shoulders, upper
back, elbows forearms and hands. For feet, knees,
hips and lower back the reduction is 50% to
roughly 70%;

— QEC: Comparing TVC and SCC when casting a
wall gives the following results, Neck same score,
Wrist/hand SCC results in a moderate and TVC
results a high score, Shoulder/arm and Back TVC
results in a very high score and SCC results in a
moderate score (according to Fig. 4);

— ErgoSAM: Results in a three times improvement
if SCC is used instead of TVC when casting a wall.
The value of 18.2 (Fig. 5) for TVC is well in the un-
acceptable area and should be avoided immediately.

Possible interventions include using steel fibres
mixed in the TVC or using SCC in order to eliminate the
pulling and pushing of concrete vibrators through narrow
steel reinforcement cages.

Considering for instance a case with a 10 metre high
plate structure with dense reinforcement, the improve-
ment of working environment is possibly even larger.
This is due to the fact that the worker has to climb down
inside the construction carrying the vibrating equipment
to be able to compact the concrete sufficiently. This re-
sults in an exceptionally poor working environment, and
also in a probable loss of productivity, due to much lower
unit time for casting traditional vibrated concrete.

Practically SCC can be useful to shorten the con-
struction time of large-scale construction, but it could
also be used in various projects to eliminate vibration and
noise risks, thus improving the working environment on
the site (Okamura, Ouchi 2003; Brite Euram 2000).
However, the most common use of SCC is probably
when there is a narrow section to be cast, where the prop-
er concrete vibration could be hindered, as an example of
this, casting against roofs in tunnels so called tunnel lin-
ings can be mentioned.

The concrete worker often bends at the waist to
force the vibrator through the reinforcement structure,
manually lifting the vibrator or pulling it to a new loca-
tion results in undue stress on the back of the workers
(see Fig. 1 a—d). By using cordless and light vibrators one
can minimize the stress on the workers’ backs, however,
these vibrators have less effect and to compensate for this
they have to be used for longer.

It is recommended that further action be taken to
mitigate the exposure to musculoskeletal risk factors
within each of the identified concrete casting tasks. The
implementation of ergonomic interventions has been
found to reduce the amount and severity of musculoskele-
tal disorders within the working population in various
industries (Hendrick 2008). It is recommended that ergo-
nomic interventions may be implemented in the concrete
casting process of bridge construction projects in Sweden
to minimize hazards in the identified job tasks.
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