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Manufactured housing is assumed to be an improvement of the construction industry 

compared to the traditional site-built process. Industrialization of the construction process 

created many benefits including greater productivity, higher quality and reduced time and cost of 

construction. However, many obstacles exist facing the progress of manufactured construction 

such as the inability to integrate more advanced technologies and automation in addition to the 

negative effect of customization on the production process: although customization of the 

process is feasible, including it in the process limits the benefits that might be achieved by 

industrialization, transforming the process into a labor intensive process. Simulation is one of the 

most effective tools to test management strategies and their effect on the production line in order 

to decide on the adequacy of using such strategies in the real-life process. This research will 

analyze one of the most widely used existing simulation tools, Stroboscope, and its ability to 

model customization and the dynamic decision making process in the manufactured housing 

industry. Guidelines of features and capacities to be incorporated into existing or new tools will 

be produced allowing these tools to model the stream of orders and dynamic decision strategies 
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and outcomes as a first step towards validating and testing these strategies used in the 

manufactured housing construction process.  
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CHAPTER 1 
INTRODUCTION 

Industrialization of the construction process was introduced in the early part of the 

20th century through the construction of manufactured housing. This innovation in the 

construction industry had many benefits over the standard on-site construction including 

greater productivity, higher quality and reduced cost. In 1998, around 22% of new single-

family housing was constituted of manufactured housing. This new industry managed to 

provide the American home buyers with an affordable alternative offering quality, safety, 

cost-effectiveness and duration reduction.  

Overview of the Construction Industry 

In the past years, housing demand had risen considerably. In 1998, the housing 

demand was roughly short of 2 million housing units/year (Willenbrock 1998). Today, 

American cities are still suffering from shortage in affordable housing. Eighty per cent of 

the 1,000 large and small American cities surveyed by the National League for Cities in 

2007 reported that rising housing costs are putting a severe strain on families. For 

example, Chicago (Population: 2.9m) identified an immediate need of at least 200,000 

affordable units: in Minneapolis, Minnesota (Population: 383.000) over 50,000 units 

were identified and in Lodi, California (Population 67,000) identified a need of 8,000 

units (City Mayors Society 2008). In face of the growing housing crisis which mainly is 

an affordable housing crisis in the past two decades, the construction industry is faced 

with many challenges: the traditional site-built has been reluctant to use innovation and 

technology to improve efficiency and maintain quality. This is due to its unique supply 

chain, site variability and the risks extending beyond the contractual liability into the risk 

of reputation. Manufactured housing (MH) on the other hand is becoming more appealing 
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to the American consumer especially since manufactured homes, unlike site-built homes, 

can benefit from mass purchasing of materials, products and appliances, adding savings 

to the cost of purchase of the homebuyer. 

Advantages and Disadvantages of Manufactured Housing 

Manufactured housing is considered as one of the cheapest solutions at a rate of 

$40.80 per SF compared to a $91.99 per SF for site-built single houses in the year 2006 

(MHI 2008). Approximately 65 corporations constitute the MH industry with 230 

factories throughout the United States (MHI 2008). In addition to it being a cost-effective 

housing solution, MH housing has other advantages: for instance, a higher level of 

quality can be achieved since the construction is undertaken in a controlled environment 

including labor supervision, control of all aspects of the process and weather-free 

interference which prevents from delays. Better production rates and reduced 

construction time and cost are the results (MHI 2008). 

Despite this fact, the number of manufactured homes was noted to decline from 

approximately 350,000 units in 1999 to 117,000 units in 2006 (MHI 2008). This decline 

in industry can be reported to the fact that the MH industry is still primitive in its 

technology and modern equipment use compared to other manufacturing industries 

(Barriga 2003). Several constraints exist limiting the technology breakthrough of 

manufactured housing and mostly the fact that it is labor intensive and does not really 

incorporate many repetitions especially in the case of customization (Senghore et al. 

2004). As a consequence, innovation and application of new devices to improve both the 

production process and material engineering areas become vital to the MH industry 

(AbuHammad et al. 2004). 
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In an attempt to improve the efficiency of the process, different aspects have been 

researched and analyzed such as the production process, the material flow and its 

management. Approaches such as lean production and supply chain have been studied 

and adopted to generic manufacturing systems covering the process from the suppliers to 

the customers. Attempts to provide better productivity were discussed to cover parts of 

the process and simulation was used to represent the processes mainly by network 

representation. Another main reason for the manufacturing industry decline would be the 

lack of customization: although possible and successfully adopted in the industrialized 

process, the customization posed a different kind of difficulties. The more customization 

and design options are available, the less the industrialized process becomes efficient 

resulting in more overheads, coordination problems and idle time.  

However, throughout the literature review, very few papers were found 

mentioning the customization of manufacturing process and the development of generic 

models for decision making that will include customized orders. 

Aim, Objective and Scope 

This paper’s overall aim is to define and include customization in the generic 

representation of manufactured construction and represent the decision making process in 

the modeling of such a process. 

The objectives of this research are represented as follows: 

• Identify the decisions being made and their components and define a generic 
decision making process representative of a manufactured housing construction 
process allowing for customization in the modules being built. 

• Review of the existing construction simulation tools and their adaptability to 
represent the dynamic decision making process: Stroboscope, an advanced 
construction simulation language, will be analyzed for its efficiency and 
flexibility in representing such decisions and their outcomes. 
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• Suggestions concerning requirements from new construction simulation tools to 
better represent customization and the decision making process. 

The approach in this research is qualitative as to describing the decision making 

process and will be limited to finding of one site visit to a manufactured housing plant in 

Lake City, Florida. The construction process was found to include very few aspects of 

industrialization due to the management strategy used and to the few incoming orders: 

this created a labor intensive process and the productivity was not as sensitive to decision 

strategies as expected. The main strategy was first in first out. In addition to the limitation 

of the case study findings, the research is also limited to only part of the construction 

process and does not include the overall supply chain. 
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CHAPTER 2 
LITERATURE REVIEW 

Manufacturing Industries and Similarities with Manufactured Housing 

In an attempt to study the possible approaches to better represent and analyze the 

customized construction process, a review of existing approaches that have been applied 

to similar processes in other industries was performed. Complex systems were 

approached in a variety of methods depending on the complexity, precision required and 

mainly the level of human interference. In cases where only qualitative approaches 

desired, fuzzy logic has been used. This approach is related to the fact that complexity 

and imprecision are two incompatible factors especially once the human intervention and 

analysis are involved: for instance, a fuzzy controller can be designed to replace a human 

operator in control systems. Complex systems are also approached with fuzzy logic like 

the evaluation of the performance of gas turbines (Center and Verma 1998). This method 

however describes the variables in qualitative rather than quantitative terms, which 

although applicable in areas like economics, bioengineering and traffic, can have several 

downfalls when used in the construction industry (Center and Verma 1998). 

A closer resemblance exists between the car manufacture industry and 

construction, mainly the manufactured housing construction where labor move from one 

product to the other in a fragmented process. Standardization, modularization have been 

used to simplify the process and increase productivity in an environment where there is 

no variation in material flow, labor, production and demand. More importantly, 

customization seems to be the main barrier for the enhancement of the production process 

in the project-oriented site built homes and the main reason of underachievement of 

manufactured housing (Wiesel 2004). 
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Site-Built Construction and Differences with Manufactured Housing 

The site-built construction is the most popular construction method to date. 

However, this does not lead to conclude that it is the most efficient and productive 

construction method: in fact, it is in fact one of the most labor intensive and least 

productive processes; quality and productivity are difficult to control due to the excessive 

variability of the environment, the human factor (labor, management, subcontractors, 

suppliers…) and many other variables that affect the overall process. In fact, even when 

implementing the same project at close by locations using the same contractors, the cost, 

schedule and quality are never similar. In order to improve the site-built process, some 

suggest a more modular framework for the structural and service systems included in the 

construction process, separating the systems. This is expected to allow for more 

innovation and the introduction of technology in the actual construction process with the 

use of manufactured components. The goal would be a product with more 

interchangeable parts, lower cost, better quality, faster, higher quality and lower 

maintenance costs (Bashford 2004). It remains that more similarities exist between the 

manufactured housing process and other manufactured industries than with the site-built 

construction process. 

Manufacturing Supply Chain 

Supply chain management (SCM) is the process of planning, implementing, and 

controlling the operations of the supply chain as efficiently as possible. Supply Chain 

Management extends over all movement and storage of raw materials, inventory, and 

finished goods from the origin to the consumption. Some researchers hypothesize that, in 

general, a key factor to successful business is through managing the entire supply chain. 

Some researchers in the manufactured housing (MH) industry started focusing on 
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studying the efficiency of the entire supply chain in comparison to the traditional 

manufacturing and quality based improvements. 

Coordinated planning of inventory-distribution integrated systems is the earliest 

version of SCM and started as early as in the 60s. Research gradually progressed to 

include first two or more stages of the supply chain and finally to models incorporating 

the three traditional stages in the supply chain: procurement, production and distribution. 

Decoupling departments or functions (assembly, storage and distribution) of the same 

facility has proved to be an inefficient and non-competitive decision making policy 

(Thomas and Griffin 1996). 

A study of 215 North American manufacturing firms revealed the causal linkages 

between sourcing decisions, manufacturing goals, customer responsiveness and 

manufacturing performance revealed the following: strategic sourcing decisions (strategic 

outsourcing and supplier management) influences the degree of manufacturing goal 

achievement (dependability, flexibility, cost and quality) which in its turn influences the 

level of customer responsiveness. However, the statistical tests show no strong 

correlation between the manufacturing goal achievements positively influencing the 

degree of manufacturing performance. This can be explained by the fact that the labor 

productivity index used should be replaced by another index of manufacturing 

performance such as investment productivity (Narasimhan and Jayaram 1998). 

Consequently, simulation was researched as a tool for analysis and evaluation of 

supply chain design and management alternatives. Smith, Sadeh and Swaminathan (1998) 

base their framework on three main manufacturing industries: car manufacture, computer 

manufacturer and grocery industry. Similar processes were identified despite the 
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differences and two main categories were defined: structural elements modeling 

production and transportation of products and control elements specifying various control 

policies. Supply chain interactions require more dynamic and sophisticated controls than 

the first in, first out (FIFO) queues. However, their framework and model basis did not 

include continuous manufacturing simulation or decision-making controls modified with 

the evolving conditions (Swaminathan et al. 1998). 

Strategic alliances of independent (and international) companies created the 

Integrated Supply chain Network (ISN). Modeling is a basis for effectiveness, efficiency 

and optimizing cost, time and quality: strategic and capacity planning models are 

nonlinear integer programming models whereas operational level decision making 

models use discrete event models (Viswanadham 2000). With the evolution of the SCM 

beyond the multi facility unique enterprise boundary into the cross-enterprise scope, 

technology was pushed a step further to allow for adequate cross enterprise simulation 

that preserves confidential internal information of the concerned companies (Gan et al. 

2000).  

Supply Chain in Manufactured Housing: For years, SCM for MH industry focused 

only on the manufacturing and quality aspects of the process. Jeong, Hastak and Syal 

(2006) were the first to approach the SCM for MH as an entire supply chain using 5 

manufacturers and 5 retailers in Indiana: the principle parties were defined to be the 

customers, the retailers, the manufacturers and the suppliers. For each group, the various 

characteristics and flows were detailed, analyzed and then grouped: the material and 

information flow were combined showing all relations between the parties (Jeong et al. 

2006).The conceptual supply chain model set the framework and basis for developing a 
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simulation model in order to measure the performance of supply chain systems in place 

or possible improvements of new alternatives (Hastak et al. 2006). The model is divided 

into four sub-models: house ordering, site and foundation preparation, house production 

in factory and house install and set-up. A dynamic, discrete and stochastic simulation 

model ARENA was used and the following assumptions were made: double-wide house 

order, exponential probability distribution for customer generation and triangular 

distribution for the other processes, and the material availability is consistent. The 

performance measures selected were (1) how many house orders are generated in one 

year, (2) how long it takes a house from order to installation, and (3) the average queue 

waiting time for each process. The main bottleneck was found to be from the time 

difference between the site foundation preparation time and the house manufacturing 

time: this leads to the conclusion that processing time at the factory needs to be 

improved. The scenario of a web-based ordering system was analyzed and found to 

optimize the SCM system (Hastak et al. 2006). 

Lean Construction 

By definition, lean construction is concerned with the “holistic pursuit of 

concurrent and continuous improvements in all dimensions of the built and natural 

environment: design, construction, activation, maintenance, salvaging, and recycling”. In 

construction, this approach attempts to improve construction processes by maximizing 

value and minimizing cost and accounting for cutomers’ needs. This accomplished 

through minimizing waste of materials, time, and effort in order to generate the 

maximum possible amount of value (Koskela et al. 2002). Designing a production system 

to achieve the stated ends is only possible through the collaboration of all project 
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participants (Owner, A/E, Constructors, Facility Managers, End-user) at early stages of 

the project, going beyong the traditional forms of contracts used in today’s industry. 

One of the applications of this principle to MH is the lean assembly where the 

process is simplified by industrialization, modularizations, standardization, and 

continuous flow processes, yielding to reduced waste and higher quality. 

The lean TFV (Transformation, Flow and Value) theory applied to construction 

management in the manufactured context defines it as the allocation of resources 

transforming inputs into outputs while maximizing flow and value to the customer 

(Abdelhamid 2004). In a conventional construction management model, the critical 

performance measure is the capacity utilization. In a lean construction model, planning 

reliability is thought to increase system production. In fact, Chitla and Abdelhamid 

(2003) compared the conventional labor utilization factor (LUF) and the percent plan 

complete (PPC): the first one revealed problems like lost time due to measurements or 

travel whereas the latter reveled that the main issue was in the workflow between stations 

in addition to the individual production station. Improvements suggested by the first 

included adding jigs and more inventory which will only create additional cost whereas 

the latter suggested improvements included labor issues such as work pace, skill and 

education, material supply, unclear directions and other issues which, when addresses 

correctly, will improve the throughput of the system (Chitla and Abdelhamid 2003).  

Improving the Efficiency of the Production Process in Manufactured Housing 

Senghore (2004) analyzed the production process in the MH industry and defined 

it with five major areas: floors, walls, roofing, exterior finishes and interior finishes. The 

process was however represented partly and does not include all the activities and 

stations from materials to finished product. In contradiction with the traditional 
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construction management practices, it was found that improving the utilization of the 

independent stations does not improve the overall production (Senghore et al. 2004). 

However, optimization of utilization of resources is still a common approach for 

many manufacturing companies and for researchers. To attain more flexibility and better 

resource utilization, the facility layout design was studied in its present most common U-

shape and was found to include much inefficiency (Mehrotra et al. 2005). Banerjee 

(2006) evaluated the layout design based on the material flow in a quantitative approach 

based on optimizing material travel distances and costs (Banerjee et al. 2006). Some of 

the strategies for streamlining the production process concluded by Abu Hammad (2004) 

were to minimize the number of stations and create substations and split and merge 

activities so that the number of labor required will be consistent to finish work at each 

station in addition to automating the movement from one station to another (Abu 

Hammad et al. 2004). 

Improving the Efficiency the Material Flow and Management System in 

Manufactured Housing 

The material flow and management system was not researched or studied with 

equal interest or attention until recently. This was due to the subjective scenarios in each 

factory transforming the production line into an efficient material management process. 

According to (Barriga et al. 2005), the existing material flow and management systems 

consist of a material flow system and an inventory control system. The inventory control 

system allows for customized materials and in addition uses an independent demand 

system in opposition to the dependant system suggesting lean production and just-in-time 

inventory control systems. In any case, the generic material flow and management system 

was developed by defining and incorporating all parties (suppliers, dealers and 
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customers) and departments (purchasing, sales and production) involved. This generic 

system allowed for material requirement estimation and to relate demand for materials to 

the master production schedule noting however the drawbacks mentioned previously 

(Barriga et al. 2005). 

In addition, using a data base approach, an efficient material requirement planning 

system was developed managing the all data involved in material requirements 

estimation, allowing for better planning strategies and flexible with the changing demand 

(Jeong et al. 2005). 

Modeling and Simulation of the Manufactured Construction Process 

Static and floating bottlenecks along the production lines were found to be the 

main cause of delays along with other negative implications such as frustration and 

exhaustion since workers pace have to continually vary (increasingly or decreasingly) 

eventually affecting the quality of the product. This has affected the will of manufacturers 

to be innovative with new material and custom designs, affecting tremendously their 

competitive edge. The impact of bottlenecks is better evaluated by simulation: however, 

the variable management process restricts the accurate simulation (Mullens 2004). 

The construction industry has not yet adopted simulation in its decision making 

process mainly due to the complexity of the process and to the extensive time required to 

correctly simulate a process. Most applications still remain in the academic research 

level. General purpose simulation, usually presenting the user with more flexibility 

allowing for accurate representation, requires users to be knowledgeable in simulation 

language. Some researchers argue that special purpose simulation addressing a specific 

sector of the industry will provide a user-friendly tool that will be adopted (AbouRizk 

and Hajjar 1998). 
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Stochastic modeling is the common representation of variation. However this 

approach does not deal with the causes of the variation and could cause inaccuracy of the 

simulation results. The Artificial Neural Networks (ANN) approach is a tool capable of 

learning complex relationships between input and output data. The output of the ANN 

can be used as parameters to the simulation model. Such a generic integration model 

allows the external system to exchange information with the model for instance allowing 

factors like soils condition, soil classification, excavator and truck relative positioning to 

affect production in an excavation simulation model (Hajjar et al. 1998). 

In discrete event simulation, it is assumed that the state of a system changes at 

specific times marked by certain event. Discrete event simulation is very adequate to 

model construction processes. These simulations can be performed using general purpose 

simulation and special purpose simulation. Although general purpose simulations are 

more flexible since they can be manipulated to better suit the requirements of the process, 

they require a lot of work and simulation knowledge which makes them less appealing in 

the industry. Special simulators and simulation languages are more domain-specific and 

have several approaches: Event scheduling (ES), activity scanning (AS) and process 

interaction (PI).  

Several simulation systems use diagram based on activities or activity cycle 

diagrams (ACD) represented by networks consisting of nodes (activities and queues) 

connected with arcs or links. These systems clock advance and apply both the AS 

strategy combined with ES for event generation mechanisms. Many examples of 

simulation tools or programs exist such as: Stroboscope, Cyclone cyclic operation 

network, Hocus hand or computer universal simulator and many others (Martinez 1996).  
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Stroboscope is a very advanced simulation language/tool capable of modeling 

very complex systems. However, it remains very difficult to use since it requires 

knowledge of the language used. EzStrobe (Martinez 2001) was developed to facilitate 

the use of simulation tools with a user-friendly modeling graphical interface. It uses the 

basic Cyclone ACDs, Stroboscope simulation software and the MS-Visio graphical 

interface. It also allows to some of Stroboscope features such as the use of variables to 

parameterize the construction process and allows for standard and customized results. 

However, it falls short of Stroboscope’s flexibility and ability to program very complex 

interactions especially the features relating to resources and their types: resources in 

EzStrobe are not differentiable when residing in the same queue. However, it is still 

useful for the purpose of applied research. 
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CHAPTER 3 
METHODOLOGY 

The approach to this study is qualitative in defining the problem and suggesting 

alternative solutions. Initially, the existing production process will be described in detail 

with all its components. In a second step, customization will be added to the existing 

simulation models in attempt to represent the flexibility in options that the industry 

offers. This will be done using EzStrobe, a visual and simplified version of Stroboscope 

used in a previous research to represent the production process (Senghore et al. 2004). 

Consequently and in a more detailed approach of the customization, specifically the 

decision making process used in most MH management techniques, a detailed analysis of 

the decision making process, components and strategies will be performed 

simultaneously with a comparison to existing simulation tools and languages and their 

adaptability to model such decisions and strategies. Given that it is one of the most 

widely available construction simulation tools, Stroboscope will be mainly analyzed for 

this purpose. Guidelines for developing existing tools or creating more flexible tools that 

will better represent the dynamic construction decision making process will be presented 

as the result of this research. The above mentioned methodology sequence is summarized 

and represented in the following Figure 3-1. 
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Figure 3-1.  Methodology flow chart representation 

Existing Mapping of the Production Process 

As stated in Chapter 2 describing the literature review for this study, research 

studies analyzing the MH production process exist: these studies reduced the process to a 

model used for comparing and analyzing factors such as labor and material utilization in 
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an attempt to improve the process. The process was mapped through case studies and was 

assumed generic to most manufactured housing processes. In general, the process was 

represented similarly to the physical findings at the MH plants: by types of works (or 

activities) performed at one or more physical stations. The main five types of works were 

(1) floors, (2) walls, (3) roofing, (4) exterior finishes, and (5) interior finishes. A plant 

can have many stations (up to 16 stations depending on available space in the plant, on 

the complexity of the homes and on the planning of activities in the various stations. In 

parallel to the main production line, various feeder stations support the various activities 

with resources like cabinets, fixtures and roofing supports (Senghore et al. 2004). Each 

station was mapped separately showing the logic of production flow, the activities and 

processes used including durations and logical sequencing, and required resources 

associated with the activities including availability and quantities used (labor and 

material) in addition to the stations’ usage. This mapping was used to represent the 

process through simulation in order to test the efficiency of the stations, resources and 

determine the causes of delaying the process if any in order to improve productivity. 

Limitations: However, this approach is limited by various factors resulting in an 

inaccurate representation of the actual process. On the one hand, the research studies only 

cover bits and pieces of the manufactured housing process: studies were limited to some 

areas of the constructions (wall frames to exterior finishes) and did not include the 

remainder of the process till the finalizing of the house. In addition, the areas included in 

the model would not be entirely represented and broken into the detailed activities but it 

was limited to a more generic approach. This is mainly due to the complexity of 

approaching the subject as a whole. However, this resulted in a restricted analysis of the 
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system that does not truly represent the real life system. On the other hand, the 

production process was approached in the representations but not the material and 

resource flow and restrictions: in the actual MH plant, resources including labor crews 

and materials are managed in a more flexible manner and are conditioned by the decision 

of the plant production manager; in addition, the process does not account for the 

diversity in customized housing and the various types of models that requires different 

amounts of resources and occupies stations and activities over different durations. As a 

result, since the representation of the process is not dynamic enough to represent the 

flexibility and variability of the real process, the analysis and optimization of the current 

modeled process cannot be considered best representative of the optimization of the real 

system. In fact, the majority of the tools used in the literature for the simulation of MH 

are not flexible enough to include the dynamics of the process, the customization and the 

conditional decision making. 

Customization of the Manufactured Construction Process 

It was found that the customization once incorporated in the construction process in 

MH has created many inefficiencies in the process and the productivity of the system: the 

more the customization in design and construction, the less the industrialized process 

becomes efficient resulting in more overheads, coordination problems and idle time. 

However, the existing research did recognize that customization in the MH industry is a 

requirement vital for its competing end. However, it has not been included in the models 

as a major player in the optimization and output of the process: incoming orders were 

considered as a continuous flow of similar models that will not affect the sequencing of 

processing, timing of starting activity processing, resource usage or activity durations. In 

reality, orders are not processed on a first come first serve basis regardless of their types, 
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numbers and the types and numbers of orders already being processed in the production 

line. Decision making remains a subjective process that relies mainly on the MH plant 

managers, their personal experiences and judgment. However, the process being as 

complex and dynamic as it is, the need for introduction information technology 

specifically computer simulation software that are tailored for this purpose has become 

critical especially sine the MH industry remains inefficient when compared to other 

manufactured industries such as car industries that have managed indeed to include 

customization in the optimization of their processes. 

The Management and Decision Making in a Customized Construction Process 

For the purpose of this research, a case study of a manufactured plant in Lake City, 

Florida was considered. This plant produces a diversity of models and is very flexible for 

customization beyond its multitude of model plans. The process used in the plant was 

considered only as basis for this research and analysis for the following reasons: 

• The overly customized process has reduced many of the industrial 
manufacturing benefits. In fact, over-customization has left little common 
components being manufactured that the process resembled the site-built 
except for the controlled environment: the process was found to be very 
labor intensive. 

• Orders have not been as abundant as expected especially with the housing 
crisis taking place. As a result, large delays between orders have resulted in 
a reduction in labor and space resources: many crews were laid off and only 
one of the many plants in functioning. This also relieved the resources and 
stations from the expected constraints in the production line and the 
productivity or output (mainly the number of days per houses) was mainly 
affected by the frequency of the incoming orders and not the efficiency of 
the resource allocation and process management or the productivity and 
usage of the resources at the stations.  

As discussed, the case study will only be used as a basis for qualifying the possible 

decisions to be made by the plant manager in the case of various customized orders 

incoming at different time intervals. These decisions will be described in detail as far as 
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all the factors affecting them, the strategy and conditions that decide on the decision. 

Stroboscope (Martinez 1996) is described to be the most flexible and adapted 

construction simulation tool, providing its users with a dynamic simulation language 

instead of a restricted template tool. This language’s improvements over other simulation 

tools mainly lie in the fact that it can dynamically and actively consider the state of the 

simulation. This language will be discussed and analyzed to see its adequacy to represent 

and incorporate the decision making process into the production process of any MH 

process. Future recommendations will be made based on the deficiencies of the existing 

construction simulation tools and how they could be overcome. 
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CHAPTER 4 
INCORPORATING CUSTOMIZATION AND MANAGEMENT STRATEGIES INTO 

THE PRODUCTION PROCESS 

The manufactured housing production process has been extensively discussed and 

analyzed as shown in Chapter 2 that describes the literature research. The process has 

been described in its entirety starting from the suppliers to the homeowners and was 

modeled in partitions due to the complexity of representation. The customization of the 

manufactured housing process although recognized as vital for attracting homeowners 

has not yet been fully integrated into process mapping or any simulation model 

encountered in the literature research. Another aspect that was totally ignored was the 

plant manager strategies and dynamic decisions: the orders, in addition to being 

considered of only one type, were also processes as soon as they arrived. The only 

restrictions on the production line were the availability of the resources, the available 

openings in a station without any consideration to any strategy as far as starting the 

process (lining up similar orders for instance) or managing the production line (moving 

around resources or stopping one station’s activities in order to allow other orders to be 

processed). 

As part of the objectives of this research, we will first approach the customization 

of the incoming orders and include it in the model of the production process. This will be 

performed using EzStrobe, a graphical simplified simulation tool that uses Stroboscope’s 

simulation language and Visio as a graphical interface. This simulation tool had been 

successfully used to model part of the production process by Senghore (2004). 

In a second more detailed approach, a series of management decisions of the 

production line were defined and detailed showing all the factors affecting such 

decisions, conditions for evaluations and outcomes of the strategies used. These decisions 
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were an estimation of possible decisions that might affect the production of the plant and 

were based on observation from site visits and the literature. After defining the 

components of the strategies, Stroboscope, being the most advanced construction 

simulation language, was analyzed to test its flexibility to model the decision making 

dynamic process: flexible aspects as well as its shortcomings were described in order to 

draw conclusions as to what would the required capacities of new construction simulation 

tools be. 

Customizing the Production Process 

In a first attempt to incorporate customization into the process and the non-

predictable incoming order variability, and based on findings during a visit to the 

previously mentioned manufactured housing plant, a reduced process map was defined to 

include several activities including (1) flooring framing, (2) wall framing, (3) electrical 

and plumbing, (4) insulation and (5) drywall. The available stations were considered as a 

resource in addition to labor (construction crews, carpenter crews, electricians and 

plumbers’ crews, insulation crews) and material for carpentry. EzStrobe (Martinez 2001) 

is a simulation tool developed as a user friendly extension of the simulation language 

Stroboscope which conserves some of its features including the following:  

• The use of Cyclone’s basic modeling features including queues, combi 
activities and normal activities; 

• The use of stroboscope as the simulation software while the user can 
graphically use a template using MS-Visio graphical interface; and 

• The use of parameters and the generation of customized results. 

In a first approach to the customization issue, EzStrobe was used to model and 

simulate the above described process map as shown on Figure 4-1. 
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Figure 4-1.  Customized production process 

The main activities (all of them combis) are cutting of the floor framing, cutting 

of the wall framing, construction of the floor framing, construction of the wall framing, 

Electrical and plumbing works, insulation works and installation in drywalls. The 

following constitutes part of the logic and conditional sequencing of the process: 

• The first two activities require only start with the incoming orders but are 
considered parallel to the production line since they do not use the station 
resources. 

• Floor framing is conditioned only by the activity for cutting the floor frames 
and can start independently of cutting of the wall framing which conditions 
the wall framing is not ready. 

• A continuous material generator is added in order to prevent any shortage 
from material to affect the process; this, however, is not representative of 
the real life scenario where at times material falls short and does create 
some delay in the process. 

• Carpenters and materials are shared by the cutting of frames activities, with 
a priority given to the cutting of the floor framing. 

• All other activities require labor crews and the preceding activities to be 
executed. 

• A station space will be occupied when floor framing starts and will only be 
available after the drywall is installed. 



 

32 

• Two types of orders are included in this model sharing the same labor, 
material and space resources as shown on Figure 4-2 and Figure 4-3; 
however, they included different amounts of usage of the resources and 
different activity durations. In addition, the two order types are generated 
through probability links shown on Figure 4-2.  

 

 
 
Figure 4-2.  EzStrobe model: process map of customized orders, order type A 

 

 
 
Figure 4-3.  EzStrobe model: process map of customized orders, order type B 
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The model performed the task allocated in representing the customization and 

sharing resources: with the roughly assumed values, an output of around 2.5 days per 

house was established. However, the use of EzStrobe was overruled because it did not 

provide the flexibility required conditioning the sequence and the logic behind the 

customization and it was clear that it will not be resourceful for integrating dynamic 

decision making and characterizing resources.  

As a result, although the interface was very easily handled, it did not provide any 

of the features that are assumed available with Stroboscope and that part of the research 

was only included to rule out the use of EzStrobe. The research was then diverted to 

defining the decision making process and all the factors relating and affecting it in 

addition to the conditional strategies and their outputs. Consequent to defining them, the 

use of Stroboscope will be qualitatively assessed to check its suitability to represent the 

resources, the strategies and the overall decision making process. 

Managing the Manufactured Construction Process 

Overview 

All manufactured housing plants have a production manager or a plant manager 

that actually makes decisions concerning the production and material management. 

Material management was analyzed in previous research: a material supply management 

system was defined that was used in improving the material requirement estimation 

process (Barriga 2003). Activities were only considered in the context where they 

influence the material flow and management system. The system uses backward 

scheduling and introduces inventory control and supply chain management concepts to 

the MH industry. However, this study did not include the economic implications through 

the efficiency of the production system which still needs to be tested. In fact, processing 
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orders, especially when they are customized orders, on a delivery time basis only is 

probably most cost efficient as far as the production throughput and resources usage are 

concerned.  

During the site visit to the plant, it was noted that no specific decision making 

process was in place and that was mainly due to the low rate of ordering of houses. In 

fact, one of the noted strategies was to randomly alternate types of ordered homes in 

order to create diversity for the labor force which is supposed to be an incentive for 

productivity. However, this strategy was not tested to prove its efficiency. Regardless the 

reasons why such strategies are not in place, whether it is the decreasing amount of orders 

due to the construction crisis or the lack of testing and control tools that allow such 

decision to be virtually tested prior to their application, this remains a new field that have 

not yet been researched in the MH industry. 

Defining the Decision 

Since no information was found in the literature or from the plant visit, several 

scenarios of decisions were determined using the best judgment and common sense. After 

defining a series of decisions, the factors affecting those decisions were mainly defined 

from 3 types of variables: the variability of type and number of the incoming orders, the 

present state of the process activities (expected ending time of activities) and resources 

(usage and availability). 

The following decisions were defined as guidelines for possible logical strategies 

to be tested for their efficiency as far as the throughput of the production line (number of 

days per house for instance): 

1. Starting incoming orders or holding them. 
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2. Stopping processed orders and moving them out of production line or 
letting them be processed. 

3. Moving resources around from one station to another. 

4. Produce inventory and store it. 

The above defined decisions are independent headlines that cover various aspect 

of the plant management. They require strategies to be determined and implemented once 

the conditions for implementation are established. The outcome of the strategies needs to 

be also defined as to what aspects of the process will be affected. Each decision will be 

considered and analyzed independently from the others. Once these strategies are 

defined, they will have to be tested at all times during the process and this will require, in 

the case of a simulation, the need to access many characteristic of the simulation at all 

times. And this precisely is the main obstacle faced in the common simulation tools. 

Causes, Strategies and Outcomes of Decisions 

Each of the enumerated decisions is analyzed separately in the following sub 

paragraphs. The first decision will be analyzed and a strategy will be concluded for its 

implementation and the modeling of such a strategy using Stroboscope will be discussed 

in a subsequent chapter. The second decision will also be thoroughly analyzed; however, 

due to its complexity and the new constraints it introduces, a strategy will not be 

concluded. The other decisions will be moderately detailed as to the factors relating to 

their implementation without going into further details. 

Decision 1 

The first decision can be phrased in a question form: Do we start incoming orders 

or should we wait? In other terms, when should we start processing the incoming orders? 
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The factors or variables affecting the decision depend on the distribution of the 

incoming orders and the current state of the orders being processed. For the incoming 

orders, some of the data required are the number of orders, their time of arrival and 

finishing deadlines if any. For the orders being processed at the time of the incoming 

order, the required data are how many orders are being processed, what are their types 

and their expected finishing time. However, the plant is not considered one block where 

once the order is started it will be processed to the end. On the contrary, the production 

line is composed of a series of station where a variety of independent activities are being 

performed. These activities require their own resources and only share the physical space 

or station with other activities. In order to have access to the expected finishing times of 

any order, a manager has to have access to information such as the state of each activity: 

the percentage of performed work and the remaining duration in case the activity started 

and expected duration and availability of resources in case the activity is ready to start. A 

previous study of the production process showed that, in contradiction to traditional mass 

production paradigm, decreasing labor utilization (by adding resources to minimize 

activity duration) leads to a better over all production (Senghore et al. 2004). This may 

lead to assume that creating activity sets that require similar processing durations, 

regardless of the number of resources needed to create that situation will probably result 

in a better overall productivity of the process. Consequently, access to the remaining 

duration for activity completion is necessary for the decision making process in this case. 

This may also lead us to consider processing similar order consecutively for a better 

efficiency of the production line: comparing the state of the production line and the 

incoming orders, if the incoming order is of the same type, we might process it as soon as 
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an available station (in addition to material and resources) are available; if it is of a 

different type, we might choose to not process that order and maybe wait to have a few 

similar orders before allowing them to occupy the production line. Waiting time 

restriction will be required not to exceed a certain limit if delay of a certain home will 

create additional cost that exceeds any saving in the improvement of the productivity of 

the process. 

After determining the factors that affect this decision and the required data from the 

system, the following strategy was developed in order to be eventually tested: 

• If incoming orders are similar to the ones being processed, then we process 
the order as soon as we can. 

• If incoming orders are different then ones being processed and ordering 
history or prediction shows there will be other similar types to that order, 
then we hold the order with a different type and we process it with the 
similar ones. 

• Do not hold orders depending on their types for more than a specified 
period of time (that can be tested). 

An example simplifying this strategy would be considering the production process 

described on Figure 4-1 and considering two types of homes to be processed (type A and 

type B): if the activities on the production line are processing all type A models and a 

type B model is incoming, then we hold that type and only process new type A models. 

That only happens until a point in simulation time where the type B is delayed beyond an 

acceptable time and it requires being processed. At that point, we start processing all type 

B models held and incoming up to the point where type A models A held are delayed 

beyond the acceptable deadlines. 
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Decision 2 

The second decision can be phrased in a question form: Do we stop orders being 

processed and remove them from the production line? Or in other terms, when should we 

stop orders being processed in order to allow incoming orders to start being processed? 

Similarly to the first decision, the factors or variables affecting this decision depend 

on the incoming order type, number and distribution in addition to the state of the 

processed orders (type, numbers and activities’ remaining durations). With the same logic 

used with the first decision, if one processed order (or more) is creating a delay in the 

production line by taking longer time for performing the activities at the different stations 

which holds up the stations downstream and creates idle time for the station upstream, 

then a decision must be made about whether to take that order out of the production line, 

add resources to push it through the production line or just leave it on the production line. 

This decision should be compared to the alternative of replacing this order by another 

incoming order of similar type to the other orders being processed (which means with 

similar activity processing durations). However, the decision is to stop the activities for 

this order and remove it from the production line, the scenario tends to be more complex 

than in the case of the first decision. The first complexity lies in the fact that access to the 

state of an activity although easy but the destruction of such an activity due to a decision 

process is not that easy to implement: in the most recent simulation model, once started, 

an activity will be processed till its end before any condition is checked. This creates a 

first obstacle in modeling such a decision with the most recent and common construction 

simulation tools. If this was overcome, the second obstacle lies in how to release the 

resources held by that activity before its termination in addition to the third obstacle 

concerning how to reintroduce this order back into the production line and under what 
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conditions. The data required by this type of decisions is far more complex to obtain than 

that of the first decision since it involves termination of activities being executed, release 

of resources before activities are performed and introducing partly executed activities. As 

a simplifying example, we can consider the production line described in Figure 4-1 and 

the same conditions described for the decision 1 (type A and B models). Assuming the 

two type B, one type A and two type B models being processed in that order and 

considering that model A takes a longer time to be processed, we can consider removing 

the type A model from the production line and replace it with an incoming type B 

models. 

Decision 3 

The third decision can be phrased in a question form: in the case where some 

activities are delaying the production line, should we move resources from one station to 

the other? Or in other words, do we allow flexibility in moving resources in order to push 

activities delaying the production line and keep the flow of production? This decision 

concerns resources but it is conditioned by the status of the production line and the 

activities being performed.  

When stations start delaying the production line because they are taking longer than 

the other stations, a good strategy might be to accelerate the activities in that particular 

station. This can be accomplished by adding to the labor resource which will accelerate 

the performance of the activities. As discussed in the second decision, with all the 

impracticality of implementing it into a simulation model to be tested, the other strategy 

would be to take that model out of the production line. Similarly to decision 2, the 

strategy of moving resources around is not very practical to implement into a simulation 

model in order to be tested. In most construction simulation tools, the only condition on 
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resources is their availability and required amount in order to allow activities to start. 

Once the activity starts it holds the resources and will not release them until the end. In 

addition, the simulation tools do not allow activities to accept resources during the 

performance of the activity or in other term before the activity is completely executed. 

Conditional allocation of resources in the case of a slow activity seems impossible with 

the existing construction simulation tools and further research to approach this matter 

should be directed toward innovation in simulating such a strategy. 

Decision 4 

The fourth decision is not precisely a decision since it represents a performance 

strategy that will be either adopted in a plant or not and does not require a dynamic 

decision making process and changing conditions. However, we will still include this in 

this section since it will require similar strategies, inputs and outputs regardless of the 

fact that it is not a dynamic aspect that changes along the production line. 

This performance question concerns the choice of keeping inventory: will keeping 

inventory increase the production flow and the overall throughput of the system by 

reducing any delay that might result from lack of material inventory? Is this increase in 

productivity considered profitable when comparing the increase in production (if any) to 

the cost of keeping such an inventory (cost of providing space, resources required to 

move material, tying capital in inventories that will wait a certain period of time before 

being processed). 

This strategy does not seem hard to model and test with the traditional construction 

simulation tools. However, if we consider inventory to comprise not only raw material 

but also modular components that could be produced for the various types of homes, the 

problem starts to be complicated: preparing such modular components will require a 
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labor force that will not be always required to perform on the inventory activities. Such 

labor crews can be considered an additional backup for the existing crews. In this case, 

limitations and conditions on when to stop production modular components and move the 

labor to help the other crews on the production line falls into the complexity encountered 

in modeling the strategy of the third decision (moving resources around when certain 

stations are delaying the production line).  

In the following chapter, only the strategy of the first decision will be addressed 

and its main modeling components and difficulties will be identified. As mentioned in a 

previous chapter, Stroboscope (Martinez 1996) is supposed to provide its users with an 

innovative dynamic simulation language. For the purpose of this research, the flexibility 

of this language to model those difficulties will be discussed in a qualitative manner 

providing feedback whether such a language is adequate to solve this issue or other 

resources will be needed. 
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CHAPTER 5 
CONSTRUCTION SIMULATION TOOLS AND FLEXIBILITY IN MODELING 

DYNAMIC DECISION MAKING 

The following chapter will consider the first decision described in Chapter 4 and 

analyze the possibility of modeling it along with the customized production process using 

Stroboscope. As mentioned previously, out of the widely available simulation tools for 

modeling construction processes, Stroboscope is the most used and most flexible as 

thought by its authors. It is thought to be the most flexible in modeling the dynamic 

features of the manufactured construction processes. Stroboscope’s main feature that will 

be used is its characterized resources: this feature will be used to represent some of the 

complex conditional resource release taking place during the decision making process. 

On the other hand, other aspects of the decision making process that cannot be solved 

using the features of Stroboscope will be described and possible other modeling solutions 

will be suggested.  

Stroboscope’s General Characteristics for Dynamic Modeling 

The customization process described in chapter 4 and represented using EzStrobe 

in Figure 4-2 and Figure 4-3 does not efficiently represent the customized production 

process. This is mainly due to the representations of the stations as resources: the stations 

are not all similar and the ordering of the stations, which is not represented in the 

EzStrobe model, is very important. In fact, having two similar activities sequence sharing 

the same resource is not the best representation of how the production line processes two 

types of orders: in the previously represented model, if enough resources are available, 

the station for floor framing for instance could be occupied by two models or more before 

the station resource moves to the next activity; this is not possible in the real life scenario. 

In addition, this representation forces the sequence for all activities and does not allow 
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for flexibility of independent management of the stations: once an order is started, it will 

be processed till the last activity which does not reflect the flexibility of the real scenario 

where decisions at each station can be made independently.  

Stroboscope’s most important feature relating to our subject matter is the 

simulation of unique “characterized resources” in opposition to “generic resources” 

which are interchangeable and indistinguishable. Characterized resources represent more 

accurately the real life uniquely identifiable resources. In addition to fixed properties that 

identify and characterize certain resources, characterized resources used in Stroboscope 

have other properties called “SaveProps” that change as the simulation is running and are 

defined by the user according to their need. Other properties of the characterized 

resources are system maintained and are very useful for identifying resources: 

• BirthTime which is the value of the simulation clock when at the time of creation 
of resource 

• ResNum which is a serial number unique among resources of the same type 

• TimeIn which contrarily to the other two is not fixed; it represents the value of the 
simulation time when the resource entered its previous node; it is updated every 
time a resource enters an activity or a queue.  

Other properties for resources exist such as VarProp which create the ability of 

creating properties that are functions of other resource properties. Stroboscope also 

allows for access to system maintained statistical variables of resource properties in both 

queues and activities. These properties are only available when nodes (activities and 

resources) are cursored: in the case of resources in activities, access to properties is only 

possible when activities are either starting or ending. In any case, in the following, we 

will discuss the flexibility of stroboscope to model the decision making process in a 

customized manufacturing scenario. 
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Strategies for Decision 1: “Do We Start Incoming Orders or Should We Wait?” 

The strategy for this decision was to process similar types of orders in a sequence 

in an attempt to improve productivity. If an incoming order is similar to the ones being 

processed, then this order will be processed as soon as possible when the production line 

allows it. If the incoming order is different than the ones being processed, this order is 

held to allow for other orders to be processed. This however is limited by two variables: 

the first restraint is a time limitation where an order should not be held for longer than a 

certain period of time (d days). The second constraint is a limitation on the number of 

orders allowed to be held: after a certain number (n) of held orders of a certain type, those 

orders can then be processed in a sequence. 

Stroboscope’s General Shortcomings in Simulating the Strategies 

In order to achieve this logic, access to certain data is required: 

• Orders should be characterized and differentiated as to their type, the time 
and date of receipt and their waiting time before being processed. 

• The orders being processed at the various stations (and activities): access to 
the type of the order resource that is activating a certain activity (combi). 

Stroboscope allows for several attributes for characterized resources that allow for 

a determined and flexible resource acquisition for instantiating activities through drawing 

resources from queues; these attributes include: ordering of the resources in a queue 

according to a specified “discipline”, an order drawing through the draw links and sorting 

when drawing (DrawOrder), drawing under certain conditions from a queue 

(DrawWhere) and drawing until a certain condition will be met either in the queue or in 

the instantiated combi (DrawUntil). One of the benefits of DrawOrder is that it can 

regulate drawing of resources for two different activities requiring different sets of 

conditions. However, such a sorting affects greatly the simulation time.  
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Similarly to its drawing feature, release features of the characterized resources have 

the same behavior: the same type of conditional release applies to the release of resources 

from the activities that are terminating using attributes such as ReleaseOrder, 

ReleaseWhere and ReleaseUntil.  

Analysis and Modeling of Reduced Process 

In an attempt to test Stroboscope’s flexibility to model the first decision scenario, 

the problem was broken down into its simplest aspect in an attempt to simplify it for the 

purpose of this study. Along the same logic describing the production process in the 

previous chapters, resources represented by two different types of orders are considered 

along with only two activities. The resources are initiated as five resources of type A and 

two resources of type B. Order resources are qualified by their type and processing 

durations. The process is represented on Figure 5-1. 

 
 
Figure 5-1.  Simplified customized process 

The different conditions for drawing orders were defined according to the types and 

count of the resources. The conditions are detailed as follows: 

• As a first general rule, when the order type in “Activate” and “Process” are 
similar, then draw the order with the same type from the queue Orders. 

• If the orders in “Activate” and “Process” are not similar, then check the 
number of orders of each type in the queue: Start processing the one with 
the largest number.  

• Never keep an order for longer than 2 days without being processed. 
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The first obstacle was in the fact that duration of activities is not flexible depending 

on the resource type: The duration pf processing one type is different than the duration of 

processing another; hence duration of the activity and the type of the order should be 

connected. 

Reduced Model: Simulation Language Deficiencies 

For the purpose of this paper, the main features of Stroboscope were studied in an 

attempt to capture its main abilities to represent and simulate the customization in the 

MH process and the decision making process. It is to be noted that due to many 

restriction, this study acknowledges its limitations as to the full understanding of the 

details of the simulation tool at hand: this is due to the time constraint along with the 

complexity of the language itself that requires deep and lengthy evaluation. In 

acknowledging this fact, we highlight the possibility of overlooking and failing to use 

some possible features that could have been used to work around obstacles found in 

representing the researched process with Stroboscope.  

The simplified customized process represented in Figure 5-1 was represented using 

stroboscope. The difficulties were encountered in modeling the logic of the strategies 

enumerated in the preceding paragraph where the use of the features was not as flexible 

as expected and lead to errors and misrepresentations.  

The first difficulty encountered was in the assumption that we can at least order the 

resources by their waiting times. However, this is not possible since using the 

“Discipline” function, it will evaluate a resource only one at the time it enters the queue 

and will not reevaluate to check if this resource has been waiting for 2 days (as required). 

In order to compensate, the function “filter” was used; the filter forms a subset of 

resources within the queue but it still did not solve the issue.  
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Another related matter to this one is in the generation of various distributions of the 

same resource of different types: although, using “Generate” allows for generation of 

resources during the time when the simulation is running, this creation of resources is on 

the one hand restricted by the start and end of events (such as start or termination of an 

activity) and on the other hand such a generation cannot be randomized in the case of 

Stroboscope’s characterized resources (it could be in the case of generic resources).  

When trying to compare the type of resources contained in the activities, it was 

impossible to do so in Stroboscope: using “DrawWhere” which allows selecting 

resources that satisfy certain conditions; this is due to the inability to compare resources 

that are in activities in the case where the resources are not cursored. In fact, the use of 

this function, in such a case, could lead to a run time error which interrupted the 

simulation. 

The software is attached in Appendix A to show the attempts made to run the 

simulation. However, the overall impression was the inability of Stroboscope to simulate 

the complex and dynamic decision making process even in a simplified process like the 

previous one. Restraints are due to the aspects of the decision making process that need 

access to certain information about the resources such as the types of models being 

processed and what type of these resources are being processed.  

Capacities of Adequate Simulation Tools 

Based on the previous discussion regarding the deficiencies and limitations of the 

existing construction simulation tools, and based on the requirements of the 

manufacturing plant for decision making strategies and implementation, a basic flowchart 

for the conditions, processes and required input data for the implementation of Decision 1 
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was represented as shown on Figure 5-2. The incoming orders are basically checked for 

three main conditional decisions prioritized in the following sequence:  

• The first condition refers to resource delays in the queue holding the orders: 
if orders have been delayed for more than a specified allowed value, then 
these delayed orders will be processed. If all delays are still within limits of 
time delay, then orders can still be held in queue and other conditions for 
processing will be checked. 

• The second condition refers to activities in the production line and the 
orders that they are processing:  if they are processing orders similar to any 
of the incoming orders, then this type of order will be processed; if not, the 
third condition will be checked. 

• In case none of the previous conditions were fulfilled, a third condition for 
processing should be checked: independently of time, orders held and not 
processed should not exceed a certain specified number. When incoming 
orders held of a certain type exceed this number, orders of that type should 
be processed by the order of their incoming time. 

 

 
 
Figure 5-2.  Flowchart for requirements of decision 1 implementation 



 

49 

These strategies for decision require access of specific data concerning activities 

and resources at all times and not just during the time where an order is incoming or an 

activity is being processed (activated). Such a language or tool should give access to 

statistical data cross-referenced with the simulation time.  

The above mentioned logic is intended as a basic guideline for requirements of a 

new simulation tool or language or adjustments to be performed on existing simulation 

tools such as Stroboscope. The strategies will require an adequate simulating tool that 

will effectively represent the conditions and make the required data available. Once 

properly modeled, these strategies should be tested as to their efficiency in improving the 

production. Other strategies will also be represented, simulated and compared and the 

best strategies will be used for real life implementation to improve plant productivity. 
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CHAPTER 6 
CONCLUSIONS  

This study provided a basic analysis of the current state of the manufactured 

construction industry in referenced to customization. After a brief analysis of the benefits 

of such customization and based on the literature, a set of decisions and their respective 

strategies were defined to incorporate customization and to be simulated and tested. In a 

parallel manner, a more detailed analysis on existing simulation tools was performed to 

analyze their flexibility in simulating such strategies. As a result, the deficiencies of the 

existing construction simulation tools were established and recommendations for 

improving those tools to better represent the construction process were suggested in an 

attempt to ameliorate and upgrade the simulation process and eventually the efficiency of 

the testing strategies in order to implement them in real-life. This chapter will include the 

results of this study and the conclusions and recommendations provided for future 

research. 

Research Results 

Following the sequence defined in Chapter 3 describing the methodology and steps 

followed, various results were established at each step of this study. First, during the 

preliminary research of the construction manufacturing industry, the importance of 

customization was established as the most defining element for the competitive edge of 

the industry in comparison with the rather unique sit-built construction. However, 

allowing for too much customization, although easily applied in manufactured 

construction, will produce many obstacles to the industrialization process itself, creating 

a labor intensive process that no longer benefits from automation of the process or other 

benefits of industrialization. On the other hand, and throughout the literature reviewed 
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during the course of this research, it was found that the production process in 

manufactured housing was analyzed and modeled independently of the customization: in 

fact, most of the studied reviewed did not include or allow any customization in the 

process and only one type of homes was being processed. Consequently, all the aspects of 

management and decision making were not incorporated in those studies. This represents 

on of the major holdups that the manufactured housing industry has been suffering from, 

compared to other industries such as car manufacturing where automation and simulation 

have been largely introduced and used to improve the processes. 

These results lead to the second part of this study where a set of dynamic decisions 

and strategies were defined and detailed to represent possible scenarios that need to be 

introduced in modeling and simulating the production process in a manufactured 

construction plant. Concurrently, an analysis of the existing tools and their flexibility to 

model such dynamic decisions was performed: the case study of one of the most widely 

available construction simulation tool, Stroboscope, was used. Several of its 

characteristics were found to be flexible and representative of many aspects of the 

construction industry such as the “characterized resources” which allow for uniquely 

identifiable resources with properties that vary with the simulation time and represent the 

state of the resources. However, many deficiencies in this simulation tool/language also 

exist when it comes to representing the dynamic customized manufactured construction 

decision making process. The difficulties encountered during the modeling of the basic 

process proposed in Chapter 5 are representative of the barriers that the language contains 

in representing the dynamic decision making process. Such difficulties are the 

impossibility of ordering the resources in a queue after the resources have been 
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introduced into the queue, the incapacity to define releasing strategies that use the 

statistics of resources in queues and finally the language inability to access resources’ 

statistics in activities unless the activities are cursored. 

Conclusions and Recommendations 

The findings and results of this study concluded that the available construction 

simulation tools were not able to represent the dynamic decision making process existing 

in the real life customized construction process. Amelioration of the existing construction 

simulation tools or new approaches to the dynamic decision making modeling are 

required to benefit the industry and add to its competitiveness especially with the hit that 

the housing industry has recently taken and the need for more affordable and good quality 

housing. 

This research sets some basic guidelines for the logic that a construction simulation 

language would be expected to model in order to benefit from simulating the processes 

and gaining directives for better more productive management strategies. These 

guidelines remain shy of representing a global solution for the obstacles facing the 

construction manufacturing industry. Simulation in many other manufacturing industries 

has shown its efficiency even in a customized environment such as car manufacturing: 

allowing for customization did not put at risk the process productivity and did not affect 

negatively the cost, time or quality of the products. Another main manufacturing industry 

having more comparable aspects to the construction industry is the computer 

manufacturing: various components are integrated in all products in addition to product 

specific components such as motherboards that vary from one product to another. This 

industry relies tremendously on automation and uses various aspects of the automation 
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gains. Future research in manufactured housing can analyze the simulation concepts used 

to solve the complications of modeling this dynamic process. 

It remains that the construction industry in general is a very complex process that 

includes many variances and variables and extends upstream and downstream the 

production line to include the Client (customers) and the Suppliers. Such variances work 

against the complete automation and fine tuning of the manufacturing system. In 

addition, customization in the construction of homes creates many variations on different 

levels that add to the disturbance of the industrialization of the construction process. As a 

conclusion, manufactured construction remains very unique in the complex balance 

required to keep it on the competitive edge with customization without removing the 

benefits of enhanced production with better quality, cost and time provided by 

industrialization of process.
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APPENDIX 
REDUCED PROCESS MODEL: STROBOSCOPE’S LANGUAGE 

/Control Statements; initialize resources content 

INIT Orders 5 ORDERA; 

INIT Orders 2 ORDERB; 

/INIT MatrlStrg 100; 

/Ordering the Queue 

DISCIPLINE Orders TYPE; 

FILTER STARTORDER ORDER SimTime-TimeIn>2; 

/Define Activities 

COMBI Activate; 

/PRIORITY CutFlrFRm 'Orders.CurrCount>OrdersB.CurrCount+1 ? 10 : 0'; 

NORMAL Process; 

/Define Links 

LINK L1 Orders Activate; 

DRAWWHERE L1 Activate.ORDER.TYPE.SumVal==Process.ORDER.TYPE.SumVal; 

 

Process.ORDER.TYPE.SumVal==ORDERS.Type 

LINK L2 Activate Process ORDER; 

LINK L3 Process End; 

 

DURATION Activate 2; 

DURATION Process Normal[3,0.8]; 

 

/Run Simulation 

SIMULATE; 

/Run Simulation Until 

SIMULATEUNTIL 'SimTime==200 | End.TotCount==7'; 

/Statistical Report 

REPORT; 

/Display additional Information 

DISPLAY "Productivity is " End.TotCount/SimTime " houses per day"; 

/ASSIGN COLLECT PRINT 
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