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ABSTRACT 

The prefabricated building process offers undeniable 

advantages and benefits over conventional building 

techniques. However, the production process for 

panelised homes is highly variable and the production 

time for a single home can vary significantly. This 

paper presents a case study of an established panelised 

home manufacturer. In the current state, their floor 

panel production line is identified as having a lower 

productivity than the rest of the production line, and 

thus is an area with potential for improvement. To 

complement the onsite observation, video recordings 

are captured of the production area, which allows for 

the collection of more detailed data. The use of 

simulation will be investigated in this paper to model a 

floor panel production line in a panelised home 

manufacturing facility. After evaluating the current-

state performance, several proposed changes will be 

validated in terms of whether or not they should be 

implemented in the case study manufacturing facility. 

 

Keywords: production line performance, simulation, 

panelised construction manufacturing 

 

1. INTRODUCTION 

Prefabricated buildings have become a popular 

construction method for building contractors. The 

panelised home is one of many prefabricated building 

methods. Panelised wood-framed homes are well 

received in North America given the solid material 

properties and economic efficiency of wood. Within the 

panelised home manufacturing facility, the various parts 

of the house are constructed separately, including floor 

panels, wall panels, and roof panels. They are then 

transported to the construction site to be assembled into 

various types of houses.  

This paper focuses on the floor-panel production line of 

the panelised wood-framed home manufacturing 

process, since the floor panel production line has a 

lower production rate than other lines in the case study 

facility. The floor-panel production line presented in 

Figure 1 is composed of one multi-function bridge 

(MFB) and two tables that work simultaneously from 

7:00 a.m. to 2:30 a.m. every workday. Depending on 

the time of day, the number of workers may differ. 

During the day shift, 2 workers work together at each 

table, which makes the duration of each process shorter 

than the night shift when there is only one worker at 

each table. In this manufacturing facility, the floor-

panel production process generally follows 6 steps to 

complete one floor panel, including the layout of the 

floor frame, gluing with/without the MFB, sheathing, 

nailing and routering by the MFB, load preparation, and 

loading process. Quality checking and manual sawing 

processes are necessary in the production of some floor 

panels depending on the specific jobs. A single 

overhead crane is involved in the floor manufacturing 

process, which conducts material handling, finished 

floor transferring, and other lifting tasks. Both the MFB 

and crane are shared resources in this floor panel 

production process. In this paper, the use of simulation 

to model a floor panel fabrication line in a panelised 

home manufacturing facility is investigated to assist 

management in providing strategies for implementation 

of the proposed changes for production line 

improvement. Since the use of the crane in this area has 

been identified by management as a potential area of 

improvement, a current-state simulation model is 

presented as well as the future-state simulation with 

resource adjustments on the number of cranes. 

The research methodology for modelling this 

production line process is presented in Figure 2. The 

input data are extracted from the plant observation 

records, video records and company’s production 

schedule data. Input modelling process is conducted 

after the data collection, which is to clean the data and 

fit them into certain distributions. Next, simulation 

model is developed, and multiple runs are implemented 

for the comparison purpose. Then, output analysis is 

conducted to assist in the decision-making process. 

Last, data validation and verification process is carried 

out to prove the accuracy of the simulation model. 
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(a) 

 
(b) 

Figure 1: Floor Panel Production Line: (a) North Table; 

(b) South Table 
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Figure 2: Research Methodology 

 

2. LITERATURE REVIEW 

Many studies have focused on various aspects of 

modular buildings. Retik and Warszawski (1994) 

attempted to find an effective way to automatically 

design modular buildings. Neelamkavil (2009) 

reviewed several automation technologies relevant to 

modular construction and outlined the technologies that 

comprise prefab automation. Yu et al. (2013) applied 

lean production methods in the modular building 

process to improve productivity and reduce waste. The 

results of these studies have bolstered the development 

of the modular construction industry. 

There is a long history of using simulation technology 

in construction since the emergence of larger and more 

complex projects, which are difficult for managers or 

engineers to manage manually. Managers and engineers 

can use these simulation tools as an effective way to 

design and analyse the construction process regardless 

of the complexity and size (AbouRizk 2010). 

Simulation technology is more applicable in projects 

that are repetitive and cyclic in nature. It can help 

managers to gain a better understanding of the 

interdependencies among various construction projects. 

An integrated simulation-based optimisation framework 

was developed within a High Performance Computing 

(HPC) platform by Salimi et al. (2018) in order to 

optimise the relationship between cost and time in 

complex bridge construction projects. The performance 

of the framework was tested in a bridge construction 

study. 

Substantial researches conducted on the simulation of 

manufacturing system, in order to optimize the 

production process and increase the productivity 

(Negahban & Smith, 2014). A simulation model 

integrated with dispatching rules and genetic algorithms 

was developed to facilitate the decision making and 

problem solving for short period production planning, 

which turns out to be profitable for the company in 

Longo’s (2013) research. Another research that 

combines the line balancing and discrete event 

simulation model to improve the productivity of 

existing production line by almost 400% (Zupan & 

Herakovic, 2015). It has been proved that simulation is 

a flexible and powerful tool in the design and 

optimization of manufacturing systems (Smith, 2003).  

As for modular construction, a study conducted by Altaf 

et al. (2018) combined radio frequency identification 

(RFID) technology, data mining, and simulation-based 

optimisation to build an operation and management 

system for a panelised wall production line. RFID was 

used to collect real-time data from the production line, 

and the data was then cleaned with the data mining 

method; finally, the processed data was implemented to 

simulate the production process in Simphony.Net in 

order to assist management in creating a scientific and 

effective production schedule. Also, in order to improve 

the work at a modular construction assembly yard, an 

integrated model was developed to assist with the time-

dependent resource leveling, effective allocation of the 

yard space, utilisation of scheduling templates for high-

level planning, and production of colour-coded layouts 

and other visual outputs (Taghaddos et al. 2014). Risk 

management of modular construction in terms of 

engineering, occupational, cultural, socio-economic, 

and financial can also be simulated by the computer-

based simulation model, which can help stakeholders to 

identify the primary risks in this particular construction 

process (Li et al. 2013). Therefore, the benefits of 

simulation-aided management in the manufacturing 
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industries motivate this study of implementing 

simulation in the panelised manufacturing. 

 

3. DATA COLLECTION AND ASSUMPTIONS 

 

3.1. Data collection 

For construction manufacturing, the procurement of 

accurate data for each operation process is a challenge 

since limited automated data-collection systems applied. 

Due to the labour-intensive operations in construction 

manufacturing, a more accurate form of data collection 

involves the assistance of video recordings, which was 

previously considered a difficult data-collection method 

due to the increased amount of data processing that is 

required using this method, and due to the lack of direct 

communication with the workers who are being 

recorded. The detailed steps involved in each task are 

determined through observation in order to better 

represent the manufacturing process in the simulation 

model. As mentioned above, six different tasks are 

necessary to complete one floor panel at each table, 

including the layout, gluing with/without MFB, 

sheathing, MFB process, load preparation, and loading 

process. A time study was implemented for this 

panelised floor manufacturing by collecting the detailed 

tasks processing times using a typical time study 

template. By observing over 150 working hr of video 

recordings, the start time and finish time of each task is 

collected as well as any delay or interruption time 

between or during those tasks. 137 sets of recorded data 

detailing the full floor-panel assembly process are 

implemented as model input data to determine the floor 

manufacturing method in the case study plant.  

 

3.2. Assumptions 

Due to the data collection strategy, various distributions 

fitted with the observations are used to determine the 

task durations in constructing the model in 

Simphony.Net (AbouRizk et al. 2016). The durations of 

six main tasks as well as two secondary tasks, manually 

saw process and quality check, are individually stored 

and imported into Simphony.Net for data distribution 

fitting process. The method of least squares combined 

with the lowest score of the Kolmogorov-Smirnov test 

are implemented to find the best fitting distributions for 

the following operation processes listed in Table 1. 

Quantile-Quantile plots also take into account to ensure 

the accuracy of the fitted distributions. The time 

distributions for main floor manufacturing process is 

presented in Table 1. Two types of floor panel sizes, 

large and small, are considered individually in the 

simulation. Large floor panel is defined as over 60% of 

floor panel assembly table covered in this case study 

based on the observations and the consultation with the 

experts. 

The number of crews in the model is determined based 

on the observation and crew schedule. Typically, 5 

workers are assigned to the floor panel manufacturing 

line, including 2 workers at each table for the first 4 

tasks and 1 worker to control the crane for load 

preparation, the loading process, and any material 

lifting tasks. The current labour requirement of each 

task is presented in Table 2. The model represents a 

relative ideal situation since the delay time between 

each task and the interruption time for each activity, 

such as the discussion between workers and reading the 

drawings, are not considered in this case. For the future-

state model, an additional crane is added without 

changing other resources or model layout. 

 

Table 1: Time Distributions for Main Manufacturing 

Process 

Processes Small panels Large panels 

Layout 
Beta (1.731, 

5.175, 335, 8502) 

Beta (1.483, 6.185, 

215, 6071) 

Gluing 

(manually) 

Beta (1.396, 

9.110, 32, 1029) 

Gamma (3.618, 

57.440) 

Gluing 

(with 

MFB) 

Uniform (120.444, 

134.055) 

Log Normal 

(5.325, 0.418) 

Sheathing 
Gamma (6.316, 

82.381) 

Weibull (2.389, 

767.677, 767.677) 

MFB 
Log Normal 

(6.584, 0.284) 

Weibull (1.802, 

580.679, 580.679) 

Saw 

manually 

Uniform (0, 

363.541) 

Log Normal 

(4.772, 0.871) 

Quality 

check 

Uniform (33.123, 

210.652) 

Beta (0.544, 1.451, 

20, 551) 

Load 

preparation 

Log Normal 

(5.804, 0.482) 

Gamma (9.786, 

31.105) 

Loading 
Beta (1.447, 

1.499, 118, 489) 

Log Normal 

(5.616, 0.444) 

 

Table 2: Labour Resources Assignment and Shift 

Schedule 

Processes Day shift Night shift 

Layout 2 1 

Gluing 1 1 

Sheathing 2 1 

Saw manually 1 1 

Quality check 1 1 

Load preparation 1 1 

Loading 1 1 

 

4. MODEL DESCRIPTION 

The current-state model represents the relative ideal 

situation of the panelised floor production line. The 

future-state model involves the proposed improvements 

to test the influence on the floor production line. Since 

the time for each activity is accurate to the second, the 

time unit for the entire model is measured in seconds. 

The maximum run time for this model is 20 workdays, 

which is 1,512,000 seconds. Multiple runs must be 

conducted since the model is stochastic. In this case, 

after several experiments such as 100 runs, 200 runs, 

300 runs, and 400 runs, have been conducted, 500 runs 

are finally applied to the model for output analysis due 
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to simulation time control and results stabilisation. The 

various elements used in the simulation model are 

provided in Table 3 (AbouRizk et al. 2016).  

 

Table 3: Clarification of Simulation Elements 

 

The resources in the floor production simulation model 

include north table, south table, crane, MFB, workers 

for north table, and workers for south table. The number 

of servers is assigned to each resource based on the 

actual case. For activities that are resources dependent, 

the appropriate resources and the number of servers will 

be assigned to the activity. When entity passes the 

activity, the corresponding number of resources will be 

captured by the entity. The captured resources will be 

released when the activity is finished. If the resource 

required by the activity is in use, the entity will wait in 

queue until the resource is available. Figure 3 presents 

the necessary resources for the proposed model. 

 

 
Figure 3: Resources and Queue Files for Floor 

Production Simulation Model 

 

In the manufacturing process, two tables, which are 

independent of one another, are used to assemble the 

floor panels. Therefore, two cycles are developed in this 

model, namely the north table cycle and south table 

cycle. 1,000 entities are created during each cycle to 

ensure there are enough entities to complete the cycle 

within the maximum simulation time. There are two 

types of panel sizes, large and small. The size of the 

panel is assigned using a probability branch (tree 

diagram), and a local variable is assigned to each panel 

in order to separate the different panel sizes.  

On this floor panel manufacturing line, workers are 

assigned one of two shifts. During the daytime shift 

(7:00 a.m. to 5:30 p.m.), two workers work together to 

assemble one panel at each table. During the night shift 

(4:00 p.m. to 2:30 a.m.), there is only one worker at 

each table to assembles each floor panel. The main 

activities to produce a floor panel include frame layout, 

gluing (which can be conducted manually or using the 

MFB), sheathing, the MFB process (which includes 

cutting and drilling), cleaning the MFB track, quality 

checking (QC), load preparation, and the loading 

process. Other activities which may occur occasionally 

are QC after the panel layout and manual sawing after 

the MFB process. Also, the panel will occasionally be 

transferred to a storage area before it is loaded onto the 

trailer. Activities which only sometimes occur are 

simulated using a probability branch. Difference 

distributions for the activity durations function as inputs 

to the model. The cycle times for both the north table 

and the south table will be calculated using the statistic 

element and the number of panels assembled at each 

table will be counted using the counter element. Figure 

4 presents the layout of the floor line simulation model. 

 

 

Represents a resource with a specified 

number of servers 

 
A file where entities wait for resources 

 

Allows an entity to request servers of one 

or more resources 

 

Allows an entity to release servers of one 

or more resources 

 

Allows an entity to preempt a single 

server of a resource 

 
Creates entities 

 
Delays entities by a specified amount 

 

A container for other elements that allows 

a modelling hierarchy to be created 

 
Sets one or more attributes to an entity 

 

Executes a formula when an entity passes 

through 

 

Counts the number of entities passing 

through the elements 

 
Destroys entities 

 

A statistic that can collect numerical 

observations 

 

Collect observations for a specified 

statistic 

 

Allows an entity to take one of two paths 

depending on a specified condition 

 

Allows an entity to take one of multiple 

paths depending on specified probabilities 
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(a) 

 
(b) 

Figure 4: Main Layout of Floor Line Simulation Model: 

(a) North Table; (b) South Table 

 

There are three primary crane functions: (1) loading of 

panels onto the transport trailers, or to the temporary 

storage area in cases when the trailer is full; (2) 

transporting other materials within the plant; (3) and 

adjusting the panel layouts at the assembly tables. The 

material moving and layout adjusting crane functions 

are given higher priority than the panel loading 

function. Therefore, material moving and layout 

adjusting will be executed first than panel loading if 

crane is available. Since loading panels is the only crane 

activity for the north table cycle and south table cycle, a 

crane cycle is developed for any crane use other than for 

loading panels. Figure 5 demonstrates the crane cycle. 

 

 
Figure 5: Crane Cycle in Floor Production Simulation 

Model 

 

The model also includes the shift and break schedule for 

workers. Separate cycles are created for shifts and 

breaks, which allows work to be left in progress at 

break times. Both the day shift and night shift are 10 

hours in length with a total of three breaks per shift. 

Day shift breaks include a 15-minute morning break, a 

30-minute lunch break, and a 15-minute afternoon 

break, and the night shift includes two 15-minute breaks 

and a 30-minute meal break. The model will capture the 

resources and halt work during breaks. Figure 6 

presents the shift schedule and Figure 7 presents the 

break schedule. 

 

 
Figure 6: Shift Cycle for Floor Production Simulation 

Model 

 

 
Figure 7: Break Cycle for Floor Production Simulation 

Model 

 

5. OUTPUT ANALYSIS 

The output of the simulation model for the floor 

production line is summarised by the statistics report in 

Simphony.Net. The output statistics include the 

utilisation of each resource, the cycle times for each 

table, the number of panels assembled at each table. The 

results of 500 runs of the simulation model are 

summarised in Tables 4, 5, and 6. 

 

Table 4: Resource Utilisation for Current-state Model 

Resources 
Average 

Utilisation 

Standard 

Deviation 

Crane 79.00% 1.20% 

MFB 31.30% 0.60% 

North Table 100.00% 0.00% 

South Table 100.00% 0.00% 

Worker 

(North) 
50.90% 0.70% 

Worker 

(South) 
57.30% 0.70% 

 

Table 5: Cycle Time for North Table and South Table in 

Base Model 

Cycle 

time 

Mean 

Value 

(Seconds) 

Standard 

Deviation 

Mean 

Value 

(Hr) 

Standard 

Deviation 

North 7,526.61 163.98 2.09 0.0456 

South 7,686.62 168.57 2.14 0.0468 

 

 

 

 

 

 

Proceedings of the European Modeling and Simulation Symposium, 2018 
ISBN 978-88-85741-03-4; Affenzeller, Bruzzone, Jiménez, Longo, Merkuryev and Piera Eds.

161



Table 6: Number of Panels Assembled at North Table 

and South Table in Base Model 

Table 
Number of Panels 

(20 days) 

Number of Panels 

(per days) 

North 232 11.60 

South 237 11.85 

Total 469 23.45 

 

In the current-state simulation, only one server is used 

for the crane resource, and the crane utilisation is 

79.0%. The average waiting time for crane queue is 529 

seconds. As can be seen in Table 6, in 20 days, 232 

panels are assembled on the north table and 237 panels 

are assembled on the south table. The average cycle 

time for the north table and the south table are 2.09 hr 

and 2.14 hr, respectively. Figure 8 and Figure 9 present 

the relative frequency of cycle time after 500 runs for 

north table and south table, respectively, both of which 

reveal a relatively normal distribution. 

 

 
Figure 8: Cycle Time of North Table for Base Model 

after 500 Runs 

 

 
Figure 9: Cycle Time of South Table for Base Model 

after 500 Runs 

 

In the future-state model, the server of crane resources 

changes to 2. The statistics presented in Tables 7, 8, and 

9 demonstrate the results after 500 runs for an improved 

model. 

 

Table 7: Resource Utilisation for Improved Model 

Resources Average Utilisation Standard Deviation 

Crane 50.40% 1.20% 

MFB 35.20% 0.50% 

North Table 100.00% 0.00% 

South Table 100.00% 0.00% 

Worker 

(North) 
56.00% 0.50% 

Worker 

(South) 
51.20% 0.60% 

 

Table 8: Cycle Time for North Table and South Table in 

Improved Model 

Cycle 

time 

Mean 

Value 

(Seconds) 

Standard 

Deviation 

Mean 

Value 

(Hr) 

Standard 

Deviation 

North 6,771.00 116.92 1.89 0.0325 

South 7,021.36 127.72 1.95 0.0355 

 

Table 9: Number of Panels Assembled at North Table 

and South Table in Improved Model 

Table 
Number of Panels 

(20 days) 

Number of Panels 

(per day) 

North 265 13.25 

South 257 12.85 

Total 522 26.10 

 

In the future-state model, the crane utilisation decreases 

to 50.4%. The average waiting time is approximately 32 

seconds. The average cycle time at the north table is 

1.88 hr, which is less than the base model. The same 

changes are applied to the average cycle time for the 

south table, and the number of panels assembled in 20 

days increases by 50 as compared to the base model. 

Figure 10 and Figure 11 present the relative frequency 

for cycle time after 500 runs for the north table and the 

south table, respectively, both of which show a 

relatively normal distribution. 

 

 
Figure 10: Cycle Time of North Table for Improved 

Model after 500 Runs 
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Figure 11: Cycle Time of South Table for Improved 

Model after 500 Runs 

 

6. DATA VALIDATION AND VERIFICATION 

The model has been validated and verified by using face 

validity technique, as was described by Sargent (2013). 

Experts from the manufacturing industries were 

consulted for validating and verifying both the logic of 

the conceptual and the computerized aspects of the 

simulation model in this case study.   The data from the 

model was also verified by using the original data 

obtained by data collection. In the case study floor 

manufacturing facility, each panel can be completed in 

approximately 7,200 seconds, which is approximately 2 

hr. The actual cycle data obtained already excludes the 

interruption time from workers such as discussion and 

drawing checks. The simulated mean cycle time for the 

base case is approximately 7,600 seconds for both 

tables. By comparing the actual average cycle time with 

the simulated cycle time for the current-state case, the 

times are consistent with one another; however, the 

constructed model marginally over-simulates the 

process compared to the observations. This could be 

due to the limitations of the model (such as statistical 

error, observational error, and the delay time during or 

between tasks). Therefore, there is sufficient basis to 

use the constructed model to simulate the influence of 

resource changes on the production line.  

 

7. CONCLUSION AND RECOMENDATIONS 

This study investigates the use of simulation to model a 

floor panel fabrication line in a panelised home 

manufacturing facility to assist management in 

providing strategies for implementation of the proposed 

changes for production line improvement. The 

simulation assists in identifying the floor production 

line as a potential area of improvement. By comparing 

the simulation results with current and future states, the 

production line productivity can be increased by 

introducing a second crane to the process, thereby 

increasing the utilisation of all other resources with the 

exception of the cranes. Therefore, the deployment of a 

second crane can be considered as an investment in the 

floor production line in order to implement greater 

productivity and higher utilisation of resources. Further 

analysis can then be carried out with more realistic 

simulation, which can consider any delay or interruption 

time between or during each task. 
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