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ABSTRACT 

Workers in the construction manufacturing industry are 

often exposed to labour-intensive tasks with ergonomic 

risks such as awkward body posture, forceful exertion, 

and repetition motion. Due to the increased productivity 

and increased repetitive motions resulting from 

improvement initiatives implemented in offsite 

construction, the investigation of ergonomic risks 

associated with these changes is needed. In this context, 

this paper explores an existing panelised floor 

production line aiming to minimize its ergonomic risks 

while improving its current productivity rate. 

Information on human body motion and productivity 

are extracted from video recordings. The ergonomic 

risks associated with specific tasks are identified using 

an existing ergonomic risk assessment tool (i.e., Rapid 

Entire Body Assessment (REBA)). The information 

extracted from the simulation model pertaining to 

ergonomic risks and productivity supports the decision-

making process and aids in the prioritization of changes 

to improve the working environment. 

Keywords: workstation design, work measurement, 

ergonomics, decision support system, productivity 

improvement 

1. INTRODUCTION

Workers’ unsafe behaviour is responsible for 80% of 

construction accidents (Li et al. 2015). In 2017, the 

manufacturing and construction industries accounted for 

the second and fourth highest number of diseases and 

lost time injuries, and the second and first highest 

number of fatalities among all industries in Canada, 

respectively (Association of Workers’ Compensation 

Boards of Canada (AWCBC) 2019). Construction and 

manufacturing workers are often exposed to the three 

primary causes of work-related musculoskeletal 

disorders (WMSDs): awkward body posture, forceful 

exertion, and repetitive motion (Canadian Centre for 

Occupational Health and Safety 2017; Public Services 

Health & Safety Association (PSHSA) 2010; Xu et al. 

2012). WMSDs, which are often caused by bad 

workplace ergonomics, are responsible for higher 

absenteeism and injury rates thus resulting in significant 

loss of productivity and increased production cost (Botti 

et al. 2017a; Rajabalipour Cheshmehgaz et al. 2012). 

Hence, the investigation of physical demands of body 

motion is needed for workstation design and 

manufacturing processes in offsite construction 

facilities to minimize WMSDs and reduce any negative 

impacts on company productivity. 

Several approaches have been developed to identify and 

assess ergonomic risks by analysing two main factors: 

(a) body posture (e.g., body angles, force load, and 

interaction between the human body and other working 

elements such as tools and machines) (Golabchi et al. 

2016), and (b) biomechanical analysis, which focus on 

internal and musculoskeletal loads, and stresses on 

joists (Armstrong et al. 1996). For instance, Rapid 

Entire Body Assessment (REBA) (Hignett & 

McAtamney 2000), Rapid Upper Limb Assessment 

(RULA) (McAtamney & Nigel Corlett 1993), and 

Ovako Working Posture Analysing System (OWAS) 

(Karhu et al. 1977) focus on body posture analysis, 

while 3D Static Strength Prediction Program (The 

University of Michigan Center for Ergonomics 2017) 

and OpenSim (OpenSim 2019) use biomechanical 

analysis as their primary assessment approach. In 

research studies, REBA and RULA are often applied to 

conduct ergonomic risk assessment (Li 2017). 

Meanwhile, the construction industry is known for low 

productivity rates (Ikuma et al. 2011). One approach to 

improve lead times and productivity for construction 

projects is to shift to offsite construction and utilise lean 

construction principles (Abbasian-Hosseini et al. 2014; 

Dotoli et al. 2015; Jia et al. 2013; Yu et al 2013). To 

ensure continuous improvement of productivity, many 

facilities focus on continuous improvement initiatives 

(Aqlan and Al-Fandi 2018). These initiatives need to 

consider the impact of any changes made on the 

business, including the cost, productivity, ergonomic, 

and public perception implications of making changes 

to the production process. The considerations when 

determining if a process change will have desirable 

effects can be conflicting, making it difficult for 

management to determine which changes should be 

implemented. Although implementation of lean 

construction principles results in improved productivity, 

studies indicate that it also leads to an increase in 
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physical workload and motion repetition, which are 

factors associated with WMSDs (Botti et al. 2017a; 

Colombini et al. 2002; Hochdörffer et al. 2018; Mossa 

et al. 2016). Investigating the implementation of lean 

principles in industrialized construction is thus needed 

to explore its impacts not only on productivity, but also 

on ergonomic risks.  

Few studies investigate ergonomic risks in 

industrialized construction. Inyang et al. (2012) and 

Abaeian et al. (2016a) propose a framework to perform 

ergonomic assessment on a residential construction 

production line. The application of three-dimensional 

(3D) models to automatically identify and evaluate 

awkward body posture to reduce WMSDs in 

manufacturing plants is explored by Golabchi et al. 

(2015) and Li et al (2017a). Li et al. (2017b) investigate 

muscle activity during repetitive material handling, 

which is also explored by Abaeian et al. (2016b). An 

improved physical demand analysis based on 

ergonomic risk in manufacturing construction is 

developed by Li et al. (2019). The application of 

ergonomic principles in the design of work places to 

reduce injury rates and exposure to ergonomic risks 

while increasing productivity is explored in several 

studies (Battini et al. 2011, 2015; Bortolini et al. 2018; 

Botti et al. 2017a,b; Golabchi et al. 2018; Ikuma et al. 

2011; Mossa et al. 2016).  

In this paper, an existing panelised floor manufacturing 

line is investigated with the objective of minimizing 

ergonomic risks while maintaining/increasing the 

production rate.  

2. METHODOLOGY

This study combines two common research areas in 

offsite construction and simulation to recommend 

decision alternatives that consider not only the 

productivity and performance aspects of the proposed 

change, but also the effect on the ergonomic risk for the 

workers who are expected to complete these tasks. This 

analysis is done by integrating the REBA score for the 

various postures required to complete a floor 

construction task into a simulation model that represents 

the production times and possible task alternatives for 

the process. The methodology can be broken down into 

three areas, which are discussed in more detail in the 

following sections.  

2.1. Production Observations and Simulation 

To carry out a full analysis of the production activities 

for the floor panel construction process, it was first 

necessary to observe and understand the current 

process. This was done by in-person observations, as 

well as through video cameras installed in the facility. 

Workers were notified of the study and were aware of 

the cameras. It was communicated to the workers in the 

area that the analysis was for the process and not for 

critique of their work habits.  

Throughout the observations, timings for individual 

tasks, differences in the way tasks were being 

completed, and the number of people working on a task 

at a time were recorded. This information was used to 

create a simulation model of the process and to test 

proposed improvements for the purposes of productivity 

increase, as detailed in a previous study (Ritter et al. 

2016). The production alternatives shown in Table 1 

were identified for investigation in this study, as they 

have been selected as possible productivity 

improvement measures that involve a change in the way 

people complete the production tasks.  

Table 1: Identified Production Alternatives 

Task Current State Possible 

Alternative 

Place 

joists on 

jig 

One person 

placing large joists 

(half of the time) 

Require two 

people to place 

large joists 

Apply 

glue on 

joists 

Apply glue with 

automated multi-

function bridge 

Apply glue 

manually when 

multi-function 

bridge is being 

utilized on the 

other jig 

Place 

sheathing 

on joists 

Sheathing placed 

with vacuum lift 

(1 person) 
Sheathing 

delivered with 

material delivery 

bridge 
Sheathing placed 

with vacuum lift 

(2 people) 

2.2. Ergonomic Risk Assessment 

As identified through literature review and discussions 

with industry partners, the ergonomic risks associated 

with a production change are a priority factor, along 

with the cost and production interruption, when 

deciding whether to implement the change. An 

ergonomic assessment is performed using REBA to 

identify the ergonomic risks associated with the current 

process to which the proposed changes will be 

compared in terms of ergonomic risks and productivity. 

REBA is selected in this study as its total score 

encompasses information on upper and lower limbs as 

well as force load and coupling, thus covering the 

majority of human body movements encountered in the 

construction task explored in this paper (Hignett & 

McAtamney 2000).  

The inputs for the REBA assessment are collected based 

on observation of workers’ postures and motions 

extracted from video recordings of the panelised floor 

manufacturing process. Video recording is a cost-

effective approach to acquire posture-based information 

and it also has the advantage of not disrupting the 

workforce during data collection (Li & Buckle 1999). 

An example of the REBA assessment conducted in this 

study is presented Figure 1. The overall REBA score 

will be calculated in the simulation model using the 

formula shown in Equation 1, where di is the duration of 

each task. According to the REBA score, the risk level 

of a task and necessity of action is obtained as 

summarized in Table 2.  
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Coupling = 0 | Force load = 0 | Activity = 0

REBA SCORE = 4

Upper arm = 5

Lower arm  = 1

Wrist = 2

Trunk = 1

Neck = 1

Legs = 1

 
Figure 1: REBA score of walking to table with sheathing task  

 

𝑅𝐸𝐵𝐴𝑠𝑖𝑚 =
∑ (𝑅𝐸𝐵𝐴𝑖×𝑑𝑖)𝑛

𝑖=1

∑ 𝑑𝑖
𝑛
𝑖=1

  (1) 

 

Table 2: REBA score, risk level, and action (adapted 

from Hignett & McAtamney 2000). 

REBA Score Risk Level Action 

1 Negligible Not necessary 

2-3 Low May be necessary 

4-7 Medium Necessary 

8-10 High Necessary soon 

11-15 Very high Necessary now 

 

2.3. Implementation Recommendations for 

Production Alternatives 

Once a productivity impact and an ergonomic risk 

assessment were both complete for the current and 

possible future alternatives for the identified tasks of the 

floor panel production process, a more complete 

quantification of the impact of the proposed changes 

can be made. To determine a thorough estimate of the 

effect that a change may have on the production line, it 

is necessary to combine the ergonomic risk factor with 

the productivity change. To do this a detailed simulation 

model with the times for individual activities within 

each task was made to include the REBA score along 

with the time to complete the task, so that an overall 

idea of the extent to which each score was experienced 

for the variable tasks could be realized. The ergonomic 

risk as well as the expected average time to complete 

the task for each alternative considered in this study are 

detailed in Table 3.  

 

 

 

 

Table 3: Ergonomic risk and production time 

Task 

Maximum 

Postural 

Hazard 

Score 

(REBA) 

Expected 

Average 

Task 

Time 

(mins) 

Place joist with one 

person (done half of the 

time) 

10 0.4 

Always place joist with 

two people 
10 0.4 

Always use MFB to apply 

glue 
1 3.8 

Glue manually when 

MFB is in use 
6 5.0 

Place sheathing with one 

person using a vacuum lift 
6 1.3 

Place sheathing with two 

people using a vacuum lift 
8 0.9 

Place sheathing with two 

people using material 

delivery bridge 

4 0.6 

 

As observed in Table 3 and Figure 2, a relationship 

between the number of workers performing a task and 

the task’s REBA score is not identified in this paper. 

For instance, having one or two people placing the 

joists in the workstation did not result in different 

REBA scores. This happens because the weight of the 

joists is greater than 10 kgs, even when shared between 

two workers, and thus it receives the highest score in 

the load/force category of REBA. The REBA score 

might be different in cases of lighter materials. 

Furthermore, more than one person can be sharing a 
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task but not necessarily performing the same subtask, as 

illustrated in Figure 2 (right side), which results in the 

distinct REBA scores of each worker. It is important to 

clarify that the maximum REBA score is used to 

conduct the analysis in this study. 

Figure 2: Samples of workers’ body movements used 

to conduct ergonomic analysis.  

Workers’ behaviour and movement preferences are also 

found to be a key aspect when conducting ergonomic 

risk analysis, as exemplified in Figure 3, which 

illustrates one and two workers attaching the sheathing. 

While the worker in the image on the left is standing 

with his/her legs slightly angled, the worker in the 

image on the right is squatting to perform the activity, 

which results in a higher REBA score due to the angle 

of his/her legs and thus increasing the risk of WMSD, 

especially if accounting for the fact that this posture is 

repeated several times until completion of the task. This 

shows the importance of providing training for workers 

with focus not only on the operational aspect of the task 

but also on how to perform it minimizing ergonomic 

risks. To reduce the discrepancy between the REBA 

scores of different workers, standardization with respect 

to how to conduct tasks in an ergonomic manner is 

recommended.    

Figure 3: Attaching sheathing with one worker (left) 

and two workers (right). 

2.4. Quantification of Results 

In the case of competing goals, it may be necessary to 

apply a metric to simplify the process of selecting a 

final decision from the possible alternatives. First, the 

factors are normalized using equation 2 and 3, where FE 

is the ergonomics factor, FP is the productivity factor, 

Psim is the simulated productivity for the scenario, and 

Pgoal is the goal productivity, which was 2.1 panels per 

hour.  

𝐹𝐸 = {

1, 𝑖𝑓 𝑅𝐸𝐵𝐴𝑠𝑖𝑚 ≤  3

1 −
1

8
(𝑅𝐸𝐵𝐴𝑠𝑖𝑚 − 3), 𝑖𝑓 𝑅𝐸𝐵𝐴𝑠𝑖𝑚 >  3

0, 𝑖𝑓 𝑅𝐸𝐵𝐴𝑠𝑖𝑚 ≥  11

(2) 

𝐹𝑃 = {

𝑃𝑠𝑖𝑚

𝑃𝑔𝑜𝑎𝑙
, 𝑖𝑓 𝑃𝑠𝑖𝑚 <  𝑃𝑔𝑜𝑎𝑙

1, 𝑖𝑓 𝑃𝑠𝑖𝑚 ≥  𝑃𝑔𝑜𝑎𝑙

(3) 

As can be seen by these equations, FE is 1 (meaning the 

ergonomics goal is met), when the REBA score is 

between 1 and 3 and 0 when there is a high ergonomic 

risk, or a REBA score of 11 or above. Between these 

values, FE is assumed to be a linear incremental risk 

factor. Similarly, FP is 1 when the productivity goal is 

met or exceeded, while an FP of 0 would indicate that 

no productivity change was accomplished.  

Next, the factors are combined. For this scenario, the 

two factors are assumed to be equal. For other cases 

where there are multiple factors and they may not have 

equal weights on the final decision, surveys of the 

stakeholders to determine the relative weighting of each 

factor may be required. The formula for the final metric, 

or decision factor (FD) is shown in equation 4. 

𝐹𝐷 = 0.5𝐹𝐸 + 0.5𝐹𝑃 (4) 

A decision factor of 1 shows that both goals of 

minimizing the REBA scores of the activities and 

improving the productivity are met. 

3. RESULTS

When ergonomics are taken into consideration along 

with other common decision making factors, such as 

capital cost, operating cost, implementation time, and 

expected productivity increase, it is found that the 

decision as to whether or not to implement a production 

alternative may change, or further investigation may be 

required before an alternative can be recommended for 

implementation. The results for the total productivity 

and average REBA score for each of the twelve 

alternatives created by combining the station 

alternatives in various ways can be seen in Table 4.  

Based on these results, it can be determined that options 

3, 6, 9, and 12 result in the highest productivities while 

options 3, 6, 4, and 10 result in the lowest REBA 

scores. In this case, two of the most ideal options for 

each of the considerations overlap, so options 3 and 6 

are recommended; however, options 9 and 12 are also 

considered ideal as they result in similar productivities 

with a minimal increase in REBA score. It is important 

to also note that the two options with the lowest REBA 

scores (options 4 and 10) also result in the lowest 

productivities of all of the options. Due to the minimal 

difference between the REBA scores for these options 

and the REBA scores for the options with the highest 

productivities, these two options are not recommended 

for implementation. These results also illustrate the 

importance of analysing how the production changes 

affect the two variables together. An example of this is
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Table 4: Simulation results for suggested production alternatives 

Option 

Place 

Joists 

Method 

Gluing 

Method 
Sheathing Method 

Total 

Productivity 

(panels/hour) 

Average 

REBA 

Score 

Decision 

Factor 

(FD) 

1 

Place with 

one person 

(50% of 

panels) 

and two 

people 

(other 50% 

of panels) 

Always 

use MFB 

to apply 

glue 

Place with one person using a vacuum 

lift 
1.737 2.881 0.91 

2 
Place with two people using a vacuum 

lift 
1.859 3.890 0.89 

3 
Place with two people using a 

material delivery bridge 
2.054 2.083 0.99 

4 Glue 

manually 

when 

MFB is 

in use 

Place with one person using a vacuum 

lift 
1.473 1.957 0.85 

5 
Place with two people using a vacuum 

lift 
1.985 2.546 0.97 

6 
Place with two people using a 

material delivery bridge 
2.137 2.016 1.00 

7 

Always 

place joists 

with two 

people 

Always 

use MFB 

to apply 

glue 

Place with one person using a vacuum 

lift 
1.740 3.049 0.91 

8 
Place with two people using a vacuum 

lift 
1.870 4.070 0.88 

9 
Place with two people using a 

material delivery bridge 
2.063 2.288 0.99 

10 Glue 

manually 

when 

MFB is 

in use 

Place with one person using a vacuum 

lift 
1.473 1.957 0.85 

11 
Place with two people using a vacuum 

lift 
2.004 2.724 0.98 

12 
Place with two people using a 

material delivery bridge 
2.165 2.185 1.00 

the difference between option 4 and option 6. Option 6 

may be assumed to have a lower overall REBA score 

due to the lower score of the sheathing method (the 

differentiating activity) chosen in option 6; however, the 

simulation analysis shows that option 4 actually results 

in the lower REBA score of the two options due to the 

difference in the number of people and duration of the 

two different methods of installing the sheathing.  

While, in this scenario, the best options for 

implementation can be determined by looking at the 

simulated results for the overall productivity and REBA 

score, the combined decision factor (FD) can be utilized 

to make this conclusion faster and clearer. As seen in 

Table 4, options 6 and 12 satisfy both goals, as 

evidenced by their decision factor of 1, while options 3 

and 9 are reasonable options as well, both with a factor 

of 0.99. 

Future work for this analysis will involve investigating 

the calculation of the decision factor further. Currently, 

a REBA score of 4, or one point above the acceptable 

score range will decrease the decision factor by the 

same point as a productivity that is 12.5% below the 

goal productivity. Additionally, the effect of the REBA 

scores on the decision factor are currently being 

considered as linear, which requires further 

investigation.  

4. CONCLUSION

The case study covered in this exercise shows that, 

when compared to considering only the effects on 

productivity that are made by process changes, 

including the ergonomic impacts of a process change 

will allow management at offsite construction facilities 

to make more informed decisions.  

While the productivity impacts, cost, ergonomic 

influence, production interruption, and other factors are 

all important when making a decision to change a 

process, it is difficult to determine the relative 

importance of each consideration and the overall 

collective impact they have on the operations of a 

facility. In this case, the ergonomic and productivity 

impact have been considered together to analyse the 

decision alternatives and, in the future, more variables 

can be added to continue to simplify the decision-

making process for management at these facilities. 

Another future improvement to the model will be to 

consider the weight that each decision variable has in 

the final decision.  
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