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The production management in industries (concrete), is concerned with maximize the output of 

productivity. This deals with the resources available within the industry and how to utilize to an 

extent so that it increases the business value of an organization or company. Some factors exist 

which affects the production or output productivity, these might be certain or uncertain situations. 

In-advance, certain situations will be well planned, but the same not true for an uncertain situation. 

Complex situations cannot be predicted and making a decision will be a critical factor, thus brings 

down the performance of the company or an industry.  

The objective is to optimize the productivity and to achieve a scalable performance of an industry 

in complex situations. In a real scenario, the problems faced are complex in the industry. At this, 

critical point, how to balance the productivity without affecting the time, cost and quality. These 

three factors of the production management play a key role. The problems are analyzed in depth, 

and outcome result is developed in a good planning strategy, under the consideration of customer 

demands and industry terms and conditions. 

Mainly, in this paper, deals with challenges like make or buy decision, bottleneck analysis, volume 

and capacity and labor productivity. The industries dealing with these problems have contributed 

to less efficient and mediocre performance in management. The practical solutions are explored 

in different cases to help the product managers to make better decisions for a company. 
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1 INTRODUCTION 

 

 

Production management in the concrete industry is managing the overall process in which 

the deals with product development, design team, and suppliers. The main responsibility of 

a manager is to deliver the products/components on time and on a budget. Production 

management in any organization involves the stages of product life-cycle like planning, 

monitor and controlling, development of the product or marketing some product/products. 

The primary objective of any construction industry is to convert the raw materials into 

finished products. Concrete is the basic and traditional element for the construction. 

Construction industries use this element as the source for the precast element systems. Over 

the years, research and development work is accepted in the field of material and approaches 

in management skills and practices followed in manufacturing industries. The shaping up of 

production management activities (Methods, Money, Labor, Material, Machines, Market) 

enables to quantity and quality of products and efficiency in the construction industry. 

Specifically, construction industries in the Nordic countries deal with severe climatic 

conditions and should maintain the quality and productivity of the concrete products. 
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Figure 1.1. Schematic production system (Anil Kumar & Suresh, c2008). 

Furthermore, production management is the part of any organization which is related to the 

productivity of products or services produced in time and quality. This is a combination of 

the resources and the operations or production system in an industry, where the inputs as raw 

materials are converted into finished products as an output. These inter-related management 

activities are as shown in Figure 1.1 and are monitored and controlled. Policies and 

regulations are followed with respect to the organization. This whole process is known as 

Production management. (Anil Kumar & Suresh, c2008). 

Previous research papers suggest that concrete industry deals with the characteristics 

complexity factor like uncertainties, interdependencies, and operations which are inefficient 

to perform the productivity of an industry or organization. (Anna Dubois, 2002). These 

features indicate the deficient performance management. 

 

1.1 Literature Review 

Many authors have shown attention to the issues that affect the performance of the 

construction industries. The following literature review confirms the workplace diversity 

presents problems that go beyond mere language fluency, discusses specific and general 

solutions. Dangayach & Deshmukh (2001) present about the practices and strategic 
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choices made in the construction industries. Author Dawood (1993) emphasis on the best 

practices has been increased in the recent years, mainly in the area of planning resources, 

optimization of production, lean production, flexibility in a manufacturing system.  

According to the article, the development of the integrated planning or forecasting is 

important to improve the managerial practices in the industry.  This helps the production 

managers to explore the various options and can take the proper decision. (Dawood, 1993).  

The Production planning, monitoring, and control, labor productivity, design, and 

engineering are proposed as the key factor for the strategic choices in the manufacturing 

industry. (Dangayach & Deshmukh, 2001). The products produced by the concrete industries 

are different, but these are a similar type and having the slight diversity among the products 

produced by the companies. Some of the products produced are columns, double tees, beams, 

and stairs (Sacks, Eastman & Lee, 2004). These number of units of products are identified 

during the allocation process in the available shifts and accordingly, the shifts will be 

updated (Dawood, 1993).  

The author Sacks, Eastman & Lee (2004) compared the products produced by the concrete 

industries, market structure, and demand in the across the different companies in the world. 

Figure 1.2 the data collected is analyzed and interpreted while working in the precast 

companies with close understanding. The findings say that the production management and 

procedures used were different in different companies. As per in the year 1998, the 

differences in the whole production of the products produced in the concrete industries varies 

in percentage, as compared with the USA, the percentage is higher in Finland. But as the 

whole European Union, it is 18%. According to the author, the reason for the down share in 

industries, most, many factors influence the industry such as costs of labor and different type 

of monitoring and control procedures. Some issues in estimating cost, lead-time of the 

contract, time management, agreements, and arrangements. (Sacks, Eastman & Lee, 2004). 
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Figure 1.2. Percentage of total concrete production consumed in the precast 

concrete construction. (Sacks, Eastman & Lee, 2004).  

The issues with lead time in the construction industries are a major difficulty. As Sacks, 

Eastman & Lee (2004), said lead time is the key component in the engineering design for a 

precast company in building up the models and subcontracting models to the contractors. 

But it forms the complexity, due to reducing interfaces in the process. (Sacks, Eastman & 

Lee 2004). 

 

1.1.1 Make and buy  

From Cáñez, Platts & Probert (2000), paper implicates about the importance of make or buy 

decision. Most of the companies have a problem in making a decision in the company. 

Manufacturing companies cannot afford always an in-house production, due lack of 

technologies and resources within the company. This has resulted in an understanding of 

industrial practice and process improvement of the subject. The author also addresses, while 

in practical situations, it is difficult to answer clear-cut decision. As with other view, factors, 

critical resources, and assets being critical in the supply chain management. His approaches 

towards the decision of making and buying are presented in a framework with consideration 

of relevant factors.  
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The data collected was interrupted in the form of spreadsheet developed from the 

calculations done. This provides the outcome results regarding the final scores of supplier’s 

selection, weighted score for the make or buy decision and test analysis of the output of an 

industry. (Cáñez, Platts & Probert, 2000). The paper aimed at both theoretical and practical 

aspects at an organizational level to a make-or-buy decision. This led to further development 

of the study, the operationalization of framework which provided a tool for managers, 

considering the issues of utility, usability, and feasibility in a more structured pattern. 

(Cáñez, Platts & Probert, 2000). 

In addition, Verma & Pullman (1998), carried out the analysis on supplier selection process. 

The article aimed to investigate on the actual practice and choice made in small and medium-

sized firms. It is a study of trade-off attributes like quality, cost, on-time delivery and 

flexibility while outsourcing the seller for raw materials. (Verma & Pullman, 1998). Some 

percent of precast industries, consider performing some activities to be outsourced. Which 

resulted in less flexibility and usability of engineering design molds. As Quinn & Hilmer 

(1994), suggested that to increase the competencies of an industry by strategic outsourcing 

the activities’ externally. A dual approach was followed which helped the managers to 

leverage resources and potential skills of an Industry or company. Quinn & Hilmer (1994). 

Also, Jagersma & Gorp (2007), found the similar reason for outsourcing the activities that 

increase in competencies, flexibility and cost saving. The activities which are outsourced 

externally are assessed by cost and risks of making and buying decision. Involvement of the 

third party will be main issues (Jagersma & Gorp, 2007). Inherently, risks are thereby 

outsourcing externally, but cost and risks do exist insourcing too (Quinn & Hilmer, 1994). 

According to the empirical studies, the managers who rated the sellers on the Likert-type 

scale, which resulted in the choosing or selection of the seller, the managers are given more 

weightage to the Cost and Time attributes, rather than on the Quality. But Verma & Pullman 

(1998) article urged that managers remark more on the quality attribute. Hence, in his 

research, it is clear from the sample of organization studies, the gap exists between the 

observations made and actual practices performed in a firm. (Verma & Pullman, 1998). The 

possible explanation, from the sample of firm studies, the operations performed with their 

planned urgencies are not consistent. Secondly, the managers while selecting the sellers the 

choice is made towards the cost and time measures, rather than on quality, which is more 
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important criteria for the actual choice. Further Investigations are done in different 

industries, the process for seller selection varies in accordance with the geographical location 

of the world. (Verma & Pullman, 1998). 

 Many relevant models proposed by Sacks, Eastman & Lee (2004) for the supplier’s 

consultants outside the industry. The authors describe the design flow and practice of 

subcontracting. More attention is given to the model, determining the need of subcontracting, 

by considering the use of software tool. They proposed model depending upon the type of 

contracts between the buyer and seller.  This focus on two major variations: Firstly, the 

contract signed before design, which requires detailed cost estimation. Secondly, the contract 

signed after design, where risk estimation is reduced. (Sacks, Eastman & Lee, 2004). 

Jagersma & Gorp (2007), believed that the managers are responsible for monitoring, 

controlling and reporting the offshore activities, the firm must be clear of what activities they 

are getting. To increase the competitiveness, the organization starts the services in-house. 

Offshoring is a dynamic process and it has many distinct phases and is dependent on each 

other. The firm management should be monitor and control each ongoing process linked to 

the demands and earned. (Jagersma & Gorp, 2007). 

The make or buy framework approach tells about the why the make or buy decisions are to 

be made by considering the relevant factors. But not specifically for making or buying 

decision, there was a lack in practical approaches structured. However, Cáñez, Platts & 

Probert (2000), paper contributed both on theory and practice of make-or-buy decision. But, 

none of the approaches are specifically designed for making or buying decision, but instead, 

shaping up to the make or buy strategies. (Cáñez, Platts & Probert, 2000).  

 

1.1.2 Bottleneck 

The importance of understanding about the management of bottlenecks is very important in 

an industry. Bottlenecks are the main part of the planning and controlling of the production 

system.  Author Lawrence & Buss (1995) disagreed that bottlenecks created in the system 

are unavoidable due to differences or issue in lead time. By using the queueing network 

model approach bottlenecks are analyzed analytically in an economic perspective, the 
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literature appeals to the support of the analysis, creation of bottlenecks is naturally when the 

jobs arrive at different processing rates or cost. The bottlenecks lead to problems in planning 

and design. However, to evaluate the bottlenecks created, the author developed an 

“economic bottleneck” notion which is based on cost-effective explains about resources in 

an industry as bottlenecks. (Lawrence & Buss, 1995). 

 

In addition, another author implemented the shifting of bottleneck procedure. The main 

problem is, the machines are not sequenced and scheduled. By this, the bottleneck is 

identified among the machines. The shifting procedure method or procedure solve the 

identification of bottleneck and scheduling problems by solving the individual machine 

scheduling. Also, the re-optimization of the process takes, when a new machine is sequenced 

with the existing machines. (Adams, Balas & Zawack, 1988). According to Rinnooy Kan 

(c1976), many problems arise in the industrial content. The operations should be followed 

in sequence on a number of machines in order to do complete jobs. Thus, bottleneck 

procedure is computationally tested, and the results yielded from the procedure was 

consistent. Additionally, this procedure is applied to the nodes of the search tree in a system. 

In fact, specifically optimal solution not obtained after running many algorithms for hours 

on a recounting of computational tests performed on more than one machine or job.  (Adams, 

Balas & Zawack, 1988).  

In a similar way, another computational effort made by Akella, Choong & Gershwtn (1984) 

on job scheduling methods. It focused on the flexibility of the flexible manufacturing 

systems (FMS). The Flexibility index was introduced to measure the flexibility. In order to 

identify the bottleneck of the machine and approximate problem-solving Beam search 

method procedure and beam search algorithm (BBMS) was developed. This method 

significantly reduces the makespan and gives exposure of the added flexibility. From the 

results, the computational effort was not much success to enable practical implementations. 

(Akella, Choong & Gershwtn, 1984). According to Rinnooy Kan (c1976), the study 

investigated on machine scheduling problems wherein various interruptions will fall in like 

jobs and number machines, thus forming the framework and scope of algorithms and 

machine scheduling theory. 
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As per author Lawrence & Buss (1995)   presented economic bottleneck as the one which is 

best suited for production managers in order to get best returns on investment. Even though 

there are many production concepts related to economic bottleneck, but all do not coincide 

with economic bottleneck concept. In accordance with this concept, there is some degree of 

unprofitability items like consideration flow of costs and demand planning of various 

products. (Lawrence & Buss, 1995).  

 

1.1.3 Labor productivity, Volume and Capacity 

Author Rojas & Aramvareekul (2003) said that the labor productivity in the manufacturing 

industries is seeking lots of attention. In his research, the author pointed out that the 

organization skills and manpower problems are the two potential sectors that affect the 

productivity of a construction industry. The results focused on improving the productivity 

control within the organization rather than pointing out or determining on external conditions 

or factors. Hence the paper gave the improvement for the approaches and investigation and 

implementation of the labor productivity. (Rojas & Aramvareekul, 2003).  According to 

Datta, Guthrie & Wright (2005), limited research attention has given over relative conditions 

of human resources systems. His findings have focused on human resources systems and 

labor productivity of an industry with respect to an industry growth, capital, and variations. 

(Datta, Guthrie & Wright, 2005). 

What's more, will other transforms clinched alongside Labor enter as of now mentioned, 

development for Labor profit emerge from a greater amount escalated consideration 

employments from claiming capital, which might make additional apparent inside no less 

than a percentage parts from claiming mining and manufacturing business.  The author 

claims challenges of measuring labor productivity in the manufacturing industries is over 

the years. The main problem is measuring volume output of the production activities. 

However, the labor productivity measure differs across the countries compared. (Freeman, 

2008). 

Freeman (2008) studied and examined, the main issues with some of the manufacturing 

industries is the usage of labor input as a proxy for output i.e the input as a total number of 
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hours employed work. The output volume of production is calculated over monthly, 

quarterly and yearly to that of change in price. This resulted in no potential growth of an 

industry and zero labor productivity. For these issues, many industries have been understated 

across the countries. The author points out, other concern is labor cost, the change in price 

factor is difficult to measure. Change in price which constantly changing due to the 

marketplace, change in demands óf the customer and there is no properly defined change in 

services between two periods. Hence, consistency not achieved from period to period and it 

is difficult to measure as sophisticated methods are required which are expensive. Ascertain 

assumptions like a change in volume of output service equal to the change in volume of input 

and other shortcuts are made which are not valid. (Freeman, 2008). 

1.2 Aim and Questions 

The objective of this paper is to analyze the complexity of problems faced by construction 

industries during uncertainties situations. Maintaining the productivity and operation in 

these situations marks a big deal. Production managers face the complexity in making or 

buying decisions, effective utilization of labor, an issue with bottleneck process and volume 

and capacity when the firm behavior changes to cope with the critical situations. 

Therefore, this paper focuses on problems discovery, development of different options, 

assessment of the alternative solutions for leading problems in a manufacturing industry. 

Due to lack of transparency in complex problems, this paper not aiming at building a 

mathematical model. Mathematical model demands for well-structured problems. It is 

intended on practical working to reduce the probability and impact of failure and to maintain 

productivity, which a production manager can adopt during the critical situations. Following 

questions are set of research questions based on the aim of the paper: 

Research Question I:  

What are the problems experienced and best development of action to solve the problem and 

possible solutions explored? 

Research Question II:  

How these approaches are analyzed and adapted by the production manager. 
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1.3 Problems 

In this non-linear world of causal loops and relationships, the linear mathematical is not 

applicable. The big action can result in no outcome at all or a small action can result in a big 

outcome. Imposing linear model of analysis and decision making on such system causes 

severe damages. Action taken on one variable can impact with another and create operational 

conflicts between the entities or departments. Management capacity will be exhausted in 

managing short-term conflicts or issues which dramatically slowing down the firm’s ability 

to deal with external opportunities and threats. This approach does not work in an 

organization. 

 

1.3.1 Decision Problem 

In the recent years with changing the environment, many manufacturing industries have 

faced with decision problems. However, it leans on finding the right solution for a long-term 

success and survival of the industry. (Grünig & Kühn, 2013). To make right decision it is 

not a simple task at the management level. As the decision making is complicated in nature.  

Due to some factors in the industry, there will be growth in complexity. Those factors may 

be: 

• The problem at the management level, with different dimensions in department level 

and organization. 

• The problem may be huge number of different possible solutions 

• Uncertainty in the future developments 

• The problem may have several dimension, of which some of the terms can be 

expressed in qualitatively. (Grünig & Kühn, 2013). 

In accordance with logical thinking process, a decision problem can be distinguished as 

simple and complex problems. It is evident that simple problems are always choice problems 

and they often occur of well-structured problems as shown in Figure 1.3. Where in Complex 

problems are mostly decision problems and are always ill-structured. (Grünig & Kühn, 

2013). 
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Figure 1.3. Types of decision problems and connections between them 

(Grünig & Kühn, 2013). 

The decision problem approaches: 

• Suggestions by experts 

• By random order choosing 

• Careful analysis of the problem 

• Historical procedure used in the past  

 

In addition, another problem will be dealing with different potential suppliers come with a 

different proposal.  The sellers propose a different amount for the products to be 

manufactured. Here the production manager has to choose the best one. In this situations, 

the production manager has to analyze the proposal holistically and should solve it step by 

step. 
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Guessing the wrong bottleneck (s): 

Over the last years, the identification of bottleneck (s) is getting stronger and stronger. Often, 

management tends to get confused where the bottleneck should be and where it is in the 

system and sometimes industries neglect it. The significance of bottleneck (s) in the system 

is important. Often, management fails or come to the conclusion that expensive machines 

are the one with the bottlenecks. That is where the bottleneck should be, but, not necessarily 

where there will be. However, due to lack of management attention, a company spends or 

cut costs in the wrong places unnecessarily, it will be ending up somewhere completely 

different because the intention will be focused on big expensive machines. 

 

1.3.2 Labor Productivity: International Comparison of the construction industry 

In Figure 1.4, the comparison is made between the across the countries (Finland, Sweden, 

Denmark, Germany, UK, USA and Japan). The analysis of the labor productivity was carried 

out form the years of 1997 and 2006. This analysis is carried on the basis of the rate of 

development in the construction industry across countries. The productivity of the industries 

is compared with different companies with respect to the time period and rate of 

development, assurance of the future development. The best performance based on these 

analyses cannot be benchmarked because productivity is a relative concept which increases 

or decreases compared with different countries depending on certain time and variations over 

time-period. (Pekuri, Haapasalo & Herrala, 2011). 
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Figure 1.4. Labor and Total productivity of the Construction Industry  

(Pekuri, Haapasalo & Herrala, 2011).  

The labor productivity and total productivity data collected is as shown in Table 1.1, UK is 

the highest in the growth of labor productivity, followed by Sweden and Denmark.  Finland 

is on the nominal scale of labor productivity which in need of improvements. But compared 

with the USA, the decline seen is huge both in labor and total productivity. (Pekuri, 

Haapasalo & Herrala, 2011). 

Table 1.1: Average rates for yearly productivity development. (Pekuri, Haapasalo & 

Herrala, 2011). 

 

Labor productivity in Finland construction industry: 

As per the findings Table 1.1 (above), the Finland construction industry stands at its 

moderate place. Since the 21st century, the labor and total productivity are stagnant. There is 

no significant increase in development of growth in labor productivity in many construction 

industries.  This development rate indication in Finland, which is less than 1% over 30 years 

of span showcases there is something imbalance within industry or organization system.  
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Particularly, concerned with construction industries are associated with many characteristics 

like type of organization, project handling, outsourcing and subcontracting. Generally,  these 

industries put more focuses on cost related to raw materials and labor. These projects which 

are further divided into small work packages for optimization. 

The reasons for decline or slow productivity in the construction industry are various, but not 

only labor productivity.  Over a period changes are experienced in an industry. 

• The outputs are changing, more focus on different kind of units. 

• The projects carried out are complex and worthy enough to get the scope in different 

sectors, but not as construction industry as a whole. 

 

1.4 Logical thinking process 

It is a process of finding the ill-defined or undefined problem and solving them. The logical 

thinking process is what needed for the professional to think about the problems logically 

without any label. Professional should involve in the thinking process, to understand the 

logic for a problem and should use it. For example, there is an issue or challenge in an 

industry, what we can do about it, how we can solve it and succeed in that. 

 

The manager role in a manufacturing industry (concrete) must focus on Goal tree. The goal 

tree which is one of the standards for the performance measurement of an industry. (Dettmer, 

1997). 

 

According to Dettmer (1997) “ The essence of management is recognizing the need for 

change, then initiating, controlling, and directing it, and solving its problems along the way. 

If it were not so, managers wouldn’t be needed—only babysitters” 

The production manager must have the goal tree, the goal tree must have intended to be a 

standard of the system’s performance irrespective of what is actually happening in certainty, 

in other words, it becomes the benchmark against which you evaluate reality to determine 

whether you are doing well or not.  
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Figure 1.5. Goal Tree. 

 

When the goal is towards the system level rather than process level, so in order to know that, 

the production manager is directed towards the goal of the system. However, at the top of 

the goal tree in an organization level is the organization goal (Figure 1.5) and below level 

are critical success factors, these are top-level terminal outcomes of bottom level activities 

that in connection represents the achievement of the goal. In case, there is a failure in 

achieving any one of the critical success factors then there is no achievement of the 

organization goal, hence it will be severely degraded. The function activities are there in the 

form of the necessary conditions. For example, the objective of an industry/company is to 

maximize the profit and in future years, one of the critical factors would maximize the 

revenue and that to necessary condition (functional work) would be maximizing the sales. 

In order to maximize sales, there should be large sales volume, but maximizing revenue 

means to make the profit not just the size up the volume. There must be an optimum mark 

marginal contribution. These factors should be determined before what markets are going 

for it. Each of these is represented in detail form of the necessary conditions and end up to 

form a hierarchy. 

 

In a concrete industry or manufacturing industries, in order to succeed, the entry-level tasks 

have to be done in order to satisfy the higher level tasks necessary conditions and then so 

forth the critical factor and finally the goal. As the levels are building up goal tree, the 

necessary conditions networks will be found, because it is interactive system will likely 

support the critical success factor so there will be cross connections. The value of the goal 

tree is the one as long as the goal of the system doesn’t change, in the near future this goal 
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tree doesn’t change at all and will it be better for five years or more. The only constraints 

will be I the technology improvements or changes in the marketplace. These variations will 

take place in the lower level of the tree but at the top level. Once goal tree is developed well 

and analyzed progressively it will be used again and again. 

 

1.5 Make and buy attributes 

Making or buying is one of the hardest decision that each manufacturing company faces. 

According to Chryssolouris (1996), states that the decision making is a strategic issue. It is 

the combination of engineering and management principles because it requires the technical 

understanding and expertise and to satisfy the business objectives. This must be put in 

practice in the manufacturing industries, so the decision makers can follow the procedures, 

to take appropriate decision. (Chryssolouris, 1996). 

In general, in any construction industry, the decision-making is attributed to four classes: 

• Cost 

• Time  

• Quality 

• Flexibility 

The attributes should be governed properly in accordance with specific problems, set goals 

and objectives. It is evident from manufacturing tetrahedron Figure 1.6. Manufacturing 

Tetrahedron (Chryssolouris, 1996), Time and Cost are inter-related and most quantitative 

measures and considered as the extremely key factors for making a decision in a 

manufacturing industry. However, quality and flexibility are other major competitive 

factors. (Chryssolouris, 1996). 
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Figure 1.6. Manufacturing Tetrahedron (Chryssolouris, 1996) 

Cost:  

The cost which determines the benefits for a company, by means how much the company 

can be profitable by investing the amount to produce the product or service. This factor 

which allows knowing make or buy decision, whether the product can be produced within 

the budget planned or should be outsourced. The impact of the cost should be known well 

adverse while making a decision. 

Cost is the notion of the manufacturing cost. The fundamental of manufacturing cost will be 

spilled into three main items: 

• Direct Materials: Any kind of materials that goes into the final product. The cost 

incurred for the raw materials for producing the finished product. 

• Direct labor:  Labor that can be traced to individual units of production. It involves 

the laborer required for the operation of the equipment and machinery. 

• Manufacturing Overheads: All manufacturing costs that are not direct materials or 

direct labor. 

▪ Variable overheads: The production cost changes with manufacturing the 

products or providing services. Example: Materials, supplies, wages. 

▪ Fixed Overheads: The production cost won’t change as the production 

changes. Example: Rent, cost of set up, utilities. 

Time: 

Time and cost are considered as interconnected attributes. Here the throughput time, cycle 

time lead time are assessed. (Salonitis & Ball, 2013). 
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• The time is taken at which manufacturing system respond to variations, for example, 

volume and demand 

• The time is taken to manufacture a given product which is termed as Production rate 

of the system. (Chryssolouris, 1996). 

Quality: 

Quality is the requirement need to satisfy the customer needs. The quality of the product is 

based on the customer requirements and needs. Achieving the best quality at the level 

prescribed and assessing it through the cost of quality measurements. (Salonitis & Ball, 

2013). 

Flexibility: 

According to the Chryssolouris (1996), it is defined as ‘sensitivity of the manufacturing 

system to change’. As the customer demands are diversified due to short life cycle 

development of high-quality goods yielding low cost. In this era of the market, flexibility 

attribute has increasingly gained importance for making or buying decision. (Chryssolouris, 

1996). 

 

1.6 Make or buy decision relation with capacity for profitability and technology 

In this economic development, the cost is the main factor for making the make or buy 

decision. But, there are several factors influence the make or buy decision. Capacity drives 

another factor in the profitability and technology of the manufacturing industries. The results 

will be the ratio of the total number of parts in percentage to the capacity utilization. (Katikar 

& Dr Pawar, 2014). 

 

The era of the competitive economic development world, customers demand the 

manufacturers provide the products in the timely fashion pattern at a relatively competitive 

price. In addition, increase in efficiency, better quality of the product, and lower cost has 

raised the complexity in the growing industries. To meet the market demands, manufacturers 

have to plan to suffice capacity and technology. In certain situations, the industries fail to 
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operate with the full capacity, usually making the components rather buy the components 

outsourced. (Katikar & Dr Pawar, 2014). 

 

According to the expert opinion, the decision made by manufacturers in an industry must 

determine the maximum profit from the present capacity and technology. For example, given 

a concrete industry, every product produced cannot meet the market demands because of the 

constraints like capacity and technology, it is better to aim to produce those products which 

are more profitable and can use available capacity and technology of the company. (Katikar 

& Dr Pawar, 2014). 

 

1.7 Limitations 

In this paper, it is focused on medium sized automated construction industry specifically 

dealing problems of make or buy, constraints in the system and increase in efficiency of 

labor productivity.  As in a construction industry, there are many problems, perhaps there 

was no time efficient to focus on all of them. The choice of methodology or approaches is 

not any model or algorithms.  As a result of these limitations, care is taken with the ability 

to generalize the result and findings which are discussed in chapter 5. 
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2 METHODS 

 

 

In this section, it mainly deals with, how the productivity is affected by the factors in a 

construction industry. The main problems focused are: 

• Make and buy decision 

• Bottleneck analysis 

• Volume and capacity  

• Labor Productivity  

Generally, in construction or manufacturing industries, the product development growth is 

slow and there is a lot of room for the improvements by adopting different methods. This 

paper initially explains the effects of productivity in a manufacturing industry(concrete) and 

mainly focuses on the main problems dealing with industry and how it affects the 

productivity. Analysis of these problems faced in a practical situation in an industry is 

analyzed with the help of the methods which will help the production manager to the best 

level. The data collected and calculated are hypothetical, in concern with sample industry 

would face these problems in a critical situation and analyzed. 

 

2.1 Plant layout 

In this paper, plant layout was chosen to be an automated medium-sized concrete industry 

Figure 2.1. Where the operations and machines are arranged on the floor plan for production. 

This sample-based concrete industry works in accordance with Finnish construction 

industries. The following set of operations and machines are as typical in a construction 

industry followed.  

According to Anil Kumar & Suresh (c2008) “Plant layout is a physical arrangement of 

production facilities. It is the configuration of departments, work centers, and equipment in 

the conversion process. It is a floor plan of the physical facilities, which are used in 

production” 
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In this Figure 2.1, ‘A’, ‘B’, ‘C’, ‘D’, ‘E’ are considered as the machines with various 

capacities doing the respective set of operations. The flow of the material through the 

machines is as shown Figure 2.1. The conversion of raw materials into the finished product. 

In this sample concrete industry, production of goods obtained from the machines ‘E’ and 

‘D’.  Considering two skilled labor force are utilized to monitor and control the operations 

of machines. The manpower utilization for a particular machine and cost of machines are 

tabulated on a theoretical basis and used for study purpose. 

The aim of plant layout is to make the industry profitable. This is achieved by complete 

manufacturing of the products and the arrangements and facilities done in the plant. 

• The process flow of materials to assist manufacturing process. 

• Efficient use of labor, machines, and space 

• Decrease in production time and prevention of unnecessary cost 

• Flexibility and maintenance of the machine operations   

(Anil Kumar & Suresh, c2008). 

The reason to choose the layout: 

• To find the bottleneck (s) and how these bottleneck (s) problem can be are treated or 

solved to the best possible solution. 

• To Make or buy decision, how the managers make a decision? 

• Labor productivity utilization, how efficient the human resource? Is outsourcing the 

labor is required? 
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Figure 2.1. Plant layout of sample concrete industry or system. 

In accordance with the National labor law: the Republic of Finland, the working hours of 

factory time is 200 days per year. The normal working hours of labor is 8 hours per day that 

means 40 hours per week, under the hours of work activities. The payment or wages of labor 

is € 60,000 per year, for a month € 5,000. The working shifts depending upon the time 

arrangements, regulation of time directive and customer demands the night shifts, overtime 

work, work on weekends (Saturday’s and Sunday’s) are agreed. But the overtime should not 

exceed more than 138 hours within 4 months. Upon the emergence breakdown at work or 

unknown situations, outsourcing the employee is done. 

Once the details are entered into the computer the automated batch comes to life outside the 

silos release the specified amount of fine and coarse content. A mixture of raw materials (in 

particular percentage) is obtained from machines ‘A’ and ‘B’.  It is a continuous operation, 

where the raw materials are processed into limited volumes. The mixture falls onto the 

conveyor belt which transfers the specified amount of the aggregate into constrained 

volumetric silos (Figure 2.1). 
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The machine ‘C’ which serves as the mixer, has an output capacity of 80 kg/hr. Specified 

amounts of materials are mixed, according to the customer specifications.  The mixture 

obtained is collected into the bucket and is moved by the forklift and taken to the needed 

part of the machine ‘D’ or ‘E’. The batch of the mixtures moves into the machine ‘E’, where 

it is capable to produce the different size and shape concrete products. The output capacity 

of the machine ‘E’ is 50 kg/hr. which is greater than machine ‘D’, which has a variable 

capacity until 30 kg/hr. Once the products are ready to monitor and controlling department 

will take care of quality inspection.  

This sample concrete industry is helpful in reviewing the make or buy decision, capacity 

utilization, bottleneck analysis and labor productivity. This research reviews the gap in the 

literature review which is a lack of the structure of practical approach and helps to develop 

and analyze the approach. 

 

2.1.1 Data 

Some of the theoretical data set in this paper are the production of the concrete blocks in an 

industry. Firstly, based on the production capacities and outsourcing importance in an 

industry. Secondly, while an industry focuses on operations and reducing the bottleneck 

constraint which helps in the production process. Lastly, with the performance of labor 

productivity and volume and capacity. However, there is no unique method there for the 

production activities which is to be followed in an organization.  

 

In the real scenario, a concrete industry while making the components should consider costs 

of direct materials, direct labors, and variable overheads, Depreciation of machines and 

allocation of the general overheads. These data in Table 2.1, Table 2.2,  

Table 2.3 are taken on the theoretical basis for the study of a sample industry. 
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Table 2.1: Specifications of sample concrete industry. 

Machine(s) Capacity (kg) 
Man Power 

Required (%) 

A 70 15 

B 30 10 

C 80 - 160 20 

D 30 25 

E 50 - 100 35 

 

Table 2.2: Make or Buy table 

Make or Buy 

Direct Materials  € 500,000 

Direct Labor 2 person (min)/ year € 60,000 € 120,000 

Variable overhead  € 200,000 

Depreciation of machines  € 1,250,000 

Allocation of general Overhead  € 100,000 

 

Table 2.3: Cost of machines 

Cost of machines Capacity Increase 

Machine A + B € 300,000  

Machine C € 300,000 € 150,000 

Machine D € 150,000  

Machine E € 500,000 € 150,000 

 

2.2 Make or Buy Hierarchy Structure approach 

The make or buy hierarchy structured is created in terms of goal tree (Figure 2.2), it is not 

like some other model it is a simpler approach for make, make-buy, buy to set in the levels. 

The reason to create the levels or hierarchy to remove the complexity, tediousness which is 

difficult to follow. This approach set the situation in which the answers can be easy obtained. 
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Figure 2.2. Make, Make-buy, Buy Hierarchy Structure 

Often, Make and buy decision put in a critical situation for a manager whether it should be 

produced internally or outsource external supplier. It is the dilemma faced by most of the 

industries. Industries have limited resources and cannot afford always the manufacturing 

process. By this, it has resulted in elevating the importance of make or buy decision 

framework (Cáñez, Platts & Probert, 2000). 

To remove the difficulty to approach for make or buy decision, in Figure 2.2 the main 

objective is set in the level 1. The resulting indicators which are in lowest level 4. The 

connections are established between the objective of the system and the critical success 

factors. The critical success factors on the level 2 are compared with other objective’s critical 

factors. These critical factors are detailed in the necessary conditions in the next level 3. As 

per goal tree, the changes can occur in the lowest level of the structure. The resulting 

indicators can vary according to a decision made by an industry or organization. 
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If the organization decides to ‘BUY’ the products from the supplier, it is often misunderstood 

as it is analysis necessary for in-or-outsourcing decisions. Subcontracting means, an industry 

divests itself of its own available reserves in order to achieve specific activity and contracts 

the activity to an external party. These decisions are made within the management team of a 

company or an industry.  Make or buy decision requires more tactical consideration whether 

to buy the items or to provide them internally. For example; in a wind plant, assembling the 

new blade to the bearing of wind at wind plus or realizing that assembling it at the blade 

supplier requires make or buy analysis. It is the decision that the team level can take the 

responsibility. It is one of most crucial decision within the sourcing process. It requires 

detailed analysis of pros and cons of the make or buy decision. 

Traditionally, a company outsourcing the products is usually low, because of the low benefits 

and conditions observed in making a component or product. 

1. The cost-benefit ratio is low 

2. The quality standards not meeting company requirements 

3. The supplier is not consistent  

4. Design flexibility is constrained   

The outsourcing decision should be made from the company/industry when in-house 

production capacity is low due to lack of raw materials supply, the time factor when the 

customer demand is more and immediate and the cost of the producing components and 

labor is more. When the company has finalized buying decision, it assumes that it possesses 

the appropriate techniques, machinery, equipment and access to the raw materials. In the 

recent decades, due to increase in the outsourcing, the degree of failure has increased and it 

has entitled to risk category.  Due to this the company/industry will lose the flexibility of 

design capability and becomes dependent on the supplier. 

The making decision in-house usually favors the industry. Cost factor which is most valued 

in making or buying decision. Industry must hold the capacity of producing the components, 

compiling the quality standards of the industry and assuring the deliverables to the customer 

on time which helps in the business value of the company. 
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2.3 Breakeven analysis with make or buy decision 

In this analysis, an application of XY scatter chart is used in this activity. The activity used 

in the spreadsheets is called the Breakeven analysis. Within this analysis an example of 

sample concrete industry is trying to do is to decide whether the manager should make or 

buy decision of the products which are intended to sell or buy it from the third party vendor 

or supplier. So in this, spreadsheets are going to developed to analyze the situation where 

the manager is trying to decide if the industry should make or buy products from a third party 

vendor. 

Main to create the spreadsheets are: 

• Particularly, in this sample concrete industry, the manager is intended to sell, and 

plan to analyze the cost figures that have been occurred. 

• The XY scatter is created to show total costs for each alternative (make or buy) 

• To make a decision, based on the forecast, that determines what best decision would 

be for the manager. Based on the forecast generated, the consultant is hired to tell 

what the forecasted demand would be for the new product like to launch. 

Evaluation of Make Vs Buy Decision: 

Let  

Bf  = Fixed cost (per year) of the buy option 

Mf = Fixed cost of the make option 

Bc = Variable cost (per year) of the buy option 

Mc = Variable cost of the make option. 

 

Demand (D) : 
𝑀𝑓 − 𝐵𝑓

𝐵𝑐 − 𝑀𝑐
 (1) 

 

The total cost to buy: Bf    + Bc  * D  (2) 
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The total cost to make: Mf   + Mc  * D  (3) 

  

The following Equation (1), (2) and (3) are used for necessary calculations. 

 

2.4 Capacity Utilization 

Capacity is another factor which plays a significant role in making or buying decision. 

Manufacturers face the challenge of planning the available capacity for producing the 

products. These products vary in generic (size and shape) and custom made in a way to 

satisfy the customer demand. 

 

Capacity utilization is the ratio of the actual number of parts to the maximum possible 

outputs (which is expressed in percentage). This formula is used in the manufacturing 

industries for the better performance. It calculates the capacity utilized by the industry in a 

production time to produce the rated output of the total production. It is one of the key factors 

which explain the productivity, lead time, cycle time, development of future investment, 

profit and cost.  

No machine in an industry can be utilized to 100 percentages because there will be some 

minor failures and lags. The capacity utilization of the individual machines are tabulated as 

in Table 2.4 below. The calculation of potential output of the individual machines is the 

ratio of the capacity to produce the product from the respective machine to the capacity 

utilization of the machine which is expressed in kg/hr. (Equation 4). The final product is 

obtained from the machine ‘D’ and ‘E’. The sum of the potential output from the machines 

D and E is 84.35 kg/hr. But the actual output from the machine ‘D’ and ‘E’ is 80 kg/hr.  

Even the potential output from an industry is more the actual output. The actual output is 

considered for the capacity utilization formula which is 

Capacity 

utilization: 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡 (𝑢𝑛𝑖𝑡𝑠)

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑜𝑢𝑡𝑝𝑢𝑡 (𝑢𝑛𝑖𝑡𝑠)
 ∗  100 (4) 
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Table 2.4: Capacity utilization of the machine of a sample concrete system 

Resources/ Machine ‘A’  ‘B’  ‘C’  ‘D’ ‘E’ 

Capacity utilization of machines 95 % 97 % 93 % 90 % 98 % 

Potential output ( kg/hr.) 73.68 30.93 86.02 33.33 51.02 

Potential output from D & E (kg/hr.)  

  

84.35 

Actual Output in (kg/hr.) 80 

 

This contributes to decrease the cost per unit of a product produced and helps to predict 

future planning of the efficient production of the products to meet the customer demand with 

the available resources. 

Certain circumstances when the customer expects the products in less span of time, in this 

situation industry is required to speed up the process. In this case, either there should be the 

addition of the skilled labor, increase the capacity of machines or outsourcing.  

Considering with an increase in capacity of the machines. The capacity of machines ‘D’ is 

increased from 30 kg/hr. to variable capacity and machine ‘E’ is increased from 50 kg/hr. to 

100 kg/hr. Hence the cost of the machine will be increased. 

This is a situation where the production manager has to logically think and make the options 

to explore the possibilities to resolve the problem. Some of the outcomes will be 

• Outsourcing 

• Working shifts to increase 

• In-house production 
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2.5 Procedure to find Bottleneck(s) in a system 

• Identify the bottleneck: The identifying bottleneck in a system is important, in order 

to increase the productivity of an industry or company. As in industry layout shown, 

the increased capacity in other machines will not influence the capacity of whole 

system and rest will be irrelevant. 

• Increase its throughput by lowering the time needed for everything that goes through 

the bottleneck: Making the raw materials or things to pass through a bottleneck in a 

faster way, hence reducing the lead time in order to finish the process. 

• Add new resources to bottleneck:  The resources can be people, tool or machines. 

Which takes the form of extending hours? In this industry layout shown, after the 

machine ‘B’ the silos are added with unlimited volume and capacity. 

• Adjust everything to the bottleneck: By this, the process can work at the same pace 

in the system. When there is no increase in capacity of a bottleneck(s), then the work 

carried out should not be more, as it consumes more time in building or 

manufacturing things that will not finish, due to bottleneck. 

Generally, to know bottleneck existence in the system the throughput of every machine in 

the system should be well known, bottleneck(s) is the one which has the lowest capacity in 

the system because bottleneck defines the capacity of the whole system. For example, in a 

system, if bottleneck can do 3 pieces per hour then, the output of the whole system will be 

the 3 pieces/hr. 

Considering the sample concrete industry (Figure 2.1), raw materials pass through machines 

(A, B, C, D, and E) and silos with different constrained volume. The process of making the 

product are connected to each other, and it depends on the bottleneck. The problem arises as 

the machine (‘B’ and ‘D’) with the lowest capacity clogs the flow of raw materials to further 

stages. Thus, lower the efficiency of the whole system. 

Eventually, the bottlenecks from Figure 2.1 are machines ‘B’ and ‘D’ because the output 

capacity of machine ‘B’ is 30 kg/hr. and machine is ‘D’ is 30 kg/hr. which is lower capacity 

than rest of capable machines (A, C, and E) of producing deliverables. The machine ‘A’ has 

more capacity and produces 70 kg/hr. deliverable. The work done by machine ‘A’ will piles 

up on the machine ‘B’ as a big proportion of work. Machine ‘D’ having the variable capacity 
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it is will not affect much on the system compared to machine ‘B’. 

The precast or concrete industry manufacturing the various components like columns, slabs, 

walls etc., as per the customer demand. The components manufactured from the machine 

‘D’ and ‘E’ are different. The input of materials is through the machine ‘A’, with the 

proportionate percentage of the mixture is fed into. The volumetric silos which collect the 

mixture of materials from the machine ‘B’. For the control and maintenance of these 

machines, two people are allocated. As it is known, the machine ‘B’ and ‘D’ are the 

bottlenecks in the system.  

 

2.6 Improvement Process of Bottleneck(s) in a system 

As in the system of sample concrete industry, machine ‘B’ and ‘D’ are the bottlenecks. 

Making the process faster, by means increasing the capacity of machine ‘B’ and ‘D’. When 

the capacity is doubled (60 kg/hr.) from the original capacity (30 kg/hr.)  

as shown in Figure 2.3. 

 

Figure 2.3. Increase in machine (‘B’ and ‘D’) capacity in a system. 
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The bottleneck will move to the machine ‘E’ with the output of 50 kg/hr. in this situation, 

with additional cost, the capacity of the machine can be increased to 100 kg/hr. now the 

situation will be back on the machine ‘B’ and ‘D’.  But now the capacity has been increased 

at bottlenecks, which is doubled and used as the same principle would apply (Figure 2.4). At 

this point, not much research administration is required, but improve the process of work 

performance at bottlenecks, by an increase in speed of process without lagging the lead time. 

 

Figure 2.4. Increase in machine (‘E’) capacity in a system. 

An issue would arise, in a situation, where the manager wouldn’t agree to the possible 

solution said above and there is no impact implemented as one part of the process. Then the 

better solution would be, do less, find the bottleneck in the system and apply the rules, adjust 

the capacity of the machines with the same pace of the system.   
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2.7 Introduction of additional buffer (silo’s) after the bottleneck 

Introduction of the buffers (w, x, y & z) into the system (Figure 2.5 below). This is another 

way of eliminating the bottleneck to an extent. The silos are unlimited volume and act as a 

buffer. As the bottleneck exists majorly at the machine ‘B’. The throughput of material from 

the machine reduced the efficiency of the system and hence productivity rate comes reduces. 

The production rate is reduced due to increase in the lead time. To balance the lead time and 

productivity, the addition of silos is required. After the addition of the silos (w, x, y and z) 

the processed material from the machine ‘B’ is controlled. It protects the disturbance of load 

in front of the bottleneck and the necessary work is done. The addition of silos ensures there 

is little of work in front of the bottleneck so that bottleneck never breaks or stops. It also 

ensures that there are no disturbances in the non-bottlenecks. Thus an industry will be under 

control without the impact of the productivity rate.  

 

 

Figure 2.5. Addition of Buffer(silo's) in the sample concrete system. 
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2.8 Theory of constraints (TOC): A Systems Approach 

It is a deeper understanding of causal relationships between the parts. In an organization, 

different departments are connected to each other and the whole system looks complex but 

is inherently simple to manage because they always have one single leverage point for 

intervention and finding this leverage point for a focused intervention is the only way to 

manage complex issues in an organization. 

 

The major constraint in the construction industry is a bottleneck(s). By the theory of 

constraints, which is not a process of bottlenecking the operation. 

• It is processes of increasing the flow through the bottleneck  

• It the right approach is followed, it will result in both super flow of the process and 

spirit of calmness simultaneously. 

In order to do this, the production manager must address physical flow and the people aspects 

of business simultaneously. Hence to improve the significance of productivity and business 

of the industry, the production manager can follow the Theory of Constraints principles’ and 

optimized flow simultaneously.  

In this advancing era, there is no existence of balance a plant or manufacturing industry 

properly, which means the work cannot be distributed evenly throughout the system. 

Because in a system, there are machines working with different capacities. The machine with 

the lowest capacity forms the bottleneck or constraint. The theory of constraint manages 

these sort of constraints in the production system. 

 

2.8.1 Drum- Buffer- Rope 

In this Drum-Buffer-Rope mechanism, the production system is considered as drum-buffer-

rope. The first thing it identifies is the constraint, in order to exploit it we have the drum is 

the planning and scheduling of the system, secondly, the rope is the launch of material in a 

process. Thirdly, a buffer which is inserted in front of the bottleneck(s). (Schragenheim & 

Dettmer, 2000) 
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In Figure 2.5, if the operations before the bottleneck (machine ‘B’ and ‘D’) take two days of 

time. At the bottleneck it is planned on the fourth day of the operations, the launch of 

materials is left with two days of time which is a simple mechanism. Buffer (silos) which 

are placed in front of bottleneck machines, so they never run out of material or to help the 

flow process. If it is waiting time, it will be the critical impact on the entire system as it will 

slow down the entire process for producing the more outputs. 

5 Steps process of Constraint elimination 

• Identify the constraint 

Identifying what factor in the production system is making the productivity slow is a 

constraint. 

• Exploit  

Constraint: It improves the performance of the whole system by improving the 

performance of limiting constraint, so it used in a better way. 

• Subordinate everything else 

Making other parts of the system worse, in order to allow that one piece of constraint 

to work better.  

• Elevate the constraint 

Elevate the performance of constraints i.e., make the piece of a factor of the system 

to work better. 

• Eliminate or repeat the step one 

When you eliminate that constraint, go back to step one to identify the new 

constraints which limit the total output of the system. (Goldratt, 1990b). 

 

2.9 Labor productivity 

The employees are an important asset for a team in an industry. A key to successful concrete 

industry operation starts with the people. The production crew which generally works in 

shifts for a time of 8 hrs./per day. The work is carried with many operations involved which 

is usually a flow been predetermined, by proper planning ahead. Automated machinery and 

tools are controlled by the employee. (Freeman, 2008). 
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Labor 

productivity: 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 𝑜𝑓 𝑜𝑢𝑡𝑝𝑢𝑡

𝑀𝑒𝑎𝑠𝑢𝑟𝑒 𝑜𝑓 𝑖𝑛𝑝𝑢𝑡 𝑢𝑠𝑒
 (5) 

 

According to the Equation 5 above, the measure of inputs are the most important factors for 

the measure of productivity. These factors are time, determination and workforce. According 

to Freeman (2008) “Labor input is measured either by the total number of hours worked of 

all persons employed or total employment (headcount)”. 

 

2.10 Labor Productivity Measure 

While performing the set of operation in an industry, the 3 important terms come across 

which is important for the calculation of the production rate, labor utilization, and efficiency 

rate. These terms help to understand and design the processes to better meet the customer 

demands. 

 

• TAKT Time:  

It is the calculated value that describes the theoretical demand rate of the customer. 

In simple words, it is the rate at which need to produce products in order to meet the 

customer demand. (Equation 6) 

Takt time(Tk) : 
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑛𝑒𝑒𝑑
 (6) 

 

In general, for the sample concrete industry, the TAKT time is calculated as shown 

in Table 2.5. 

 

 

 



44 

 

 

 

Table 2.5: TAKT time 

The Output Demand (kg/hr.) 80 

Working hours (hr./day) 8 

For a Month (20 days) in hours 160 

Output Capacity of m/c E &D (kg/month) 12,800 

Total hours available (seconds) 576,000 

Customer Demand (kg) 30,000 

TAKT (seconds) 19.2 

 

Let's see, for a single shift operation running 8 hrs/ day, 20 days a month. There are 

160 hours available or 576,000 seconds. The production capacity from the 

machine’E’ and ‘D’ is 12,800 kg/month. If the customer need is 30,000 units. Then 

the calculated Takt time is 19.2 seconds. 

Takt time =  576,000 / 30,000 

Tk =  19.2 seconds 

In order to meet the customer demand, one unit to be produced by every 19.2 seconds 

at a minimum. Takt time is a useful gauge on what is actually needed in order to meet 

the customer demand. But, the manager should not be wise to run it exactly 19.2 

seconds because there will situational issues caused during the operations, as most 

of the operations known there will be going to issue especially in the early learning 

curve. As a result, production manager should plan to run faster than their takt time 

by a certain increment to allow for some downtime. That would be targeted cycle 

time. 

The targeted cycle time = 17 seconds 
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•    CYCLE Time (Ct):   

It is the average time between the complete products. Cycle time vary according to 

the condition.when there is a process that is being worked by multiple operators it is 

difficult to balance the workloads between the labors. So in order to work every labor 

in the pace of TAKT time, then every labor other than the one with the longest 

processing time, eventually will have an extra wait time and they wait for next cycle 

to come around. Tools are used to analyze the cycle time in different ways for 

different purposes but most of the tools focus on a detailed process level. 

 

•    LEAD Time (Lt):  

It is average time taken by a unit to go the process of a system. A unit which passes 

through the start and end process including time waiting between the process of a 

system. In simple words, the lead time is the customers’ fundamental question: When 

can I have the products? Normally, it is calculated by converting the unit of measure 

for cycle time (from seconds or minutes into a tiny fraction of a day). 

 

Following are some measures in common use for this procedure 

• Capacity: 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠

𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
 (7) 

  

• Process Capacity : minimum (Capacity) (8) 

 

• Flow Rate : minimum (Demand, Capacity) (9) 

 

• Utilization : 
𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
 (10) 
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• Cycle time : 
1

𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒
 (11) 

 

 

• Direct Labor 

 Content : 
p1 + p2……pn (12) 

 

• Direct Idle time: (CT-p1) + (CT-p2)……. (CT-pn)  (13) 

 

• Average labor 

Utilization : 

𝑙𝑎𝑏𝑜𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡

𝑙𝑎𝑏𝑜𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡  +   𝑑𝑖𝑟𝑒𝑐𝑡 𝑖𝑑𝑙𝑒 𝑡𝑖𝑚𝑒   
 (14) 

 

• Cost of direct 

labor: 

𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑔𝑒𝑠 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑡𝑖𝑚𝑒

𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑡𝑖𝑚𝑒
 (15) 
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3 RESULTS 

  

 

In this paper, significantly it deals with the big decision of make or buy, bottleneck process, 

volume and capacity utilization and labor productivity. The exact data collection from the 

construction industry was difficult. In this paper, the sample concrete system which is 

compared to typical medium-sized concrete industry helped to analyze the problems and 

challenges faced. The outcome has shown simple and logical approaches can be followed to 

tackle the problems which resulted in the removal of complexity, decrease in ambiguity in 

making a decision and marginal consistency in the productivity. 

 

3.1 Relevant cost consideration 

Relevant cost is the cost which differs based on the alternative is chosen. The sunk cost or 

the costs that are same regardless throughout the process of a system are ignored. This 

resulted in cost cutting of a firm and to make the decision wisely.  

 

Considering the sample concrete industry, when customer demands for 36,50,000 units of 

products to be produced annually. Generally, the industry considers in-house production and 

the actual output of machine ‘D’ and ‘E’ is 80 kg/hr. with respect to capacity utilization of 

machines. The following costs will be occurred for making the products shown in Table 3.1. 
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Table 3.1: Make in-house production costs 

In-house production costs (Make decision) 

Unit (s) production yearly   36,50,000 

Direct Materials   € 500,000 

Direct Labor 2 person (min)/ year € 60,000 € 120,000 

Variable overheads   € 200,000 

Depreciation of machines   € 1,250,000 

Allocation of general overheads   € 100,000 

TOTAL COST   € 2,170,000 

  

When the seller proposes the manufacturing the products on the basis of quotation  

Table 3.2: Seller Proposal 

Seller's Proposal 

Selling price per unit € 0.5 

Actual output price of units  

per hour 

€ 40 

Total units price € 1,825,000 

 

It is evident that the selling price quoted is € 0.5 per unit. The actual output or productivity 

is 80 kg/hr. So the price of the units will be € 40 (Table 3.2) 

Output demand of the machines (D&E) * Seller price per unit      

                  80  * 0.5  

 

For the total units 36,50,000 production it will be € 1 825 000 

Units to be produced annually * Seller price per unit 
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           36,50,000 * 0.5  

 

When the total costs are compared from Table 3.1 and Table 3.2, the favorable condition 

goes with the buying the products from the supplier as the price indicated is less than that of 

the in-house production. But the production manager should analyze the process carefully. 

In this situation, the production manager should not blindly accept the offer from the 

supplier. The production manager should consider the relevant cost (Table 3.3) 

Table 3.3: Relevant Cost 

 

The depreciation of machines and general overheads are ignored because depreciation of 

machines is considered as a sunk cost since these machines are used specifically for the 

manufacturing of concrete blocks. The sunk cost which is nothing to do with past purchase. 

If in case, the machines could be used for manufacturing something else other than concrete 

blocks then that value is considered as opportunity cost. In this paper, the machines used in 

sample concrete system is used specifically for manufacturing concrete blocks but not for 

any alternative use If in case, manufacturing is stopped then the machines are worthless, and 

it has no salvage value. General overheads cost of € 100,000 is not considered because it 

wouldn’t disappear if the manufacturing of concrete blocks is stopped. 

 

Finally, relevant here in terms of continuing to make or not to make. So, it is important the 

manager focus on € 820,000 but not on € 2,170,000. The cost € 1,825,000 will be avoided if 

the firm decides to stop purchase from the third vendor. So, it is cheaper and better deal for 

a firm to continue with in-house production of concrete blocks instead of buying from a 

supplier. 

Relevant Cost 

Direct Materials  € 500,000 

Direct Labor 2 person (min)/ year € 60,000 € 120,000 

Variable overhead  € 200,000 

TOTAL COST  € 820,000 
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3.1.1 Benefits of making in-house service 

The employees in-house have a better understanding of business function and flexibility in 

the system process. Business moves to a next level and directly takes the control over the 

actions of the activities and it provides the security of data, which is to outcast to the supplier. 

The flexibility in the system provides control over design process of the products and a good 

degree of flexibility in the operations of the system. 

 

3.1.2 Outsourcing Risks 

It is a third party, primary risks of outsourcing. The involvement of supplier which is not 

under direct control of a hiring organization. Expecting the performance from the third party 

is not reliable. Even though the contract is signed, and specifications are made. The liability 

and quality of goods produced may differ from the in-house service due to the difference in 

rules and standards followed according to third party organization. Data security and 

confidential information may put the industry at risk.  

Managers are responsible to handle the ‘known unknowns’ and ‘unknown unknowns’. When 

the contract is signed between the seller and company, depending upon the contract the risk 

will be shared. There are three types of contracts 

• Fixed Price contract: 

The total cost of money for finished products is fixed from the buyer. The seller is 

fully responsible for the product manufacturing from the choice of raw materials, 

equipment, and machinery. The product manufactured should adhere the standard 

quality of an industry, as mentioned by the buyer. However, the risk is fully on the 

seller, as the time and cost for the product are fixed. If additional cost incurred, it 

should be bear by the seller. 

 

• Cost reimburse contract: 

In this contract, the risk is majorly on the buyer. The seller will produce the bills for 

every cost spent on manufacturing the product. The buyer should be keen on the 

seller for the cost spent and timely deliverables. 
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• Time and Cost material contract: 

In this risk is shared between the buyer and seller. The contract agreement holds until 

the time required to finish the particular job. The workers are outsourced and paid 

the amount of work done on a timely basis. 

 

3.2 Make or buy breakeven analysis 

In this, the graphical approach is used to determine the decision. Considering the sample 

concrete industry, assuming the fixed cost estimated at € 20,000 and variable cost of € 1.50 

for each product. (Table 3.4) If there is purchase from a supplier, assuming the price quotes 

would be € 2.00 variable cost and € 3,000 fixed costs. (Table 3.5) The demand from the 

customer is 30,000 units per year. 

 

For this situation, the manager makes the decision by solving it graphically using XY chatter. 

As we proceed, the forecasted value of demand is not known, so a table is created by which 

it allows to plot the relationship between make and buy. 

Table 3.4: Make Information 

Make information 

Fixed cost € 20,000 

Variable cost € 1.50 

 

Table 3.5: Buy Information 

Buy Information 

Fixed cost € 3,000 

Variable cost € 2.00 

 

Logically thinking, forecast table is created generating a forecasted cost for make and buy 

by placing the marker on the graph plotted. According to demand of producing the 30,000 

units, the forecast table is created (Table 3.6) and the graph is plotted (Figure 3.2). 
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Table 3.6: Forecast Table 

Forecast Total cost for 

Make 

Total cost for 

Buy 
Minimum 

30,000 units € 65,000  € 70,000  € 65,000  

 

 

Figure 3.1. Make or buy breakeven analysis graph 

It makes clear that the best decision or the optimal point is as marked in the graph Figure 

3.1, in accordance with the demand (30,000 units) and it results in the in-house production 

of products. The forecast may change or the demand from the customer may change which 

is obvious and it is another example so the idea of the decision will be minimum between 

the two lines (total cost for make and total cost for buy). The minimum ‘zero’ will be buying 

option and it attractive until it crosses over the breakeven point (around 20) and there will 

make an option for any quantity above the breakeven point. the referencing strategy and the 

dynamic-ness of the spreadsheet are shown in Figure 3.1. 
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3.3 Impacts after the addition of the additional silos 

• Lead time of production is maintained 

• Production rate is balanced 

• Efficiency and performance of the system is improved 

• Constraints are reduced in the system 

• Maximize the throughput  

 

3.4 Theory of Constraints results 

Adapting Theory of Constraints(TOC), the goal is achieved by the highest throughput, by 

eliminating the as many as constraints. This was possible by measuring the variation on three 

different items 

• Inventory: what we put in the production system. 

• Throughput: the products that the customers will buy ultimately. 

• Operational expense: in which the money is spent on converting the inventory into 

throughput. 

The three types of constraints observed in an industry are 

• Machinery: Machines which operate at certain speed. 

• People: Skilled labor that can operate the machines well. 

• Policies: Sometimes it may hinder the throughput of a system. 

 

3.5 Labor productivity measure calculation 

Specifically, from the labor productivity measure, there will be some performance 

measurements track speaking out how much productivity from an industry. The three 

variables (Labor content, Idle time, Cycle time) and two new performance measures (Cost 

of direct labor and avg. Labor utilization). The processing time and idle time as in Figure 

3.2, assuming 5 stations(A, B, C, D and E) with each station with one worker.  The station 

A, C and E have shorter processing time compared with station ‘B’ and ‘D’. At the station 

‘D’, it has the variable capacity. But the main focus on the station ‘B’ which is all bottleneck. 
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station ‘A’, ‘C’ and ‘E’ have some slack time which is referred to as Idle time. In order to 

know how much idle time these stations have, calculation of cycle time is required (Equation 

11).Direct labor content which is sum of the processing time (Equation 12). For each 

resource, the idle time is calculated as the difference between the cycle time and processing 

time (Equation 13). After this, the avg. labor utilization process is calculated, which is the 

ratio of labor content to the sum of labor content and all the direct idle time (Equation 14). 

The denominator of the Equation 14, captures how much time an industry will be paying in 

total which is labor content and idle time. The cost of direct labor is calculated as the ratio 

of total wages per unit time to the flow rate of the unit time (Equation 15). While labor 

appears very small at the initial stages, but it is important in value-added and supply chain. 

 

These calculations are tabulated in the spreadsheets as shown in Table 3.7 

Table 3.7: Labor productivity measurements 

Resources/ Machine ‘A’  ‘B’  ‘C’ ‘D’ ‘E’ 

Capacity (kg/hr.) 70 30 80 30 50 

Processing time 

(sec/unit) 

0.8571 2.0000 0.7500 2.0000 1.2000 

51.4 120.0 45.0 120.0 72.0 

Process Capacity 0.0083         

Flow Rate 0.0083         

Cycle Time (unit/sec) 120.00         

Idle Time (seconds) 69 0 75 0 48 

Total Idle Time (seconds) 192         

Labor Content (sec/unit) 408.4         

Labor Utilization 0.68         

Utilization 0.43 1.00 0.38 1.00 0.60 

In percentage 43% 100% 38% 100% 60% 

Average 0.68         

 

The graphical representation of idle time and processing time of a labor with each station in 

the sample concrete system is denoted in Figure 3.2. 
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Figure 3.2. Graphical representation of Idle time and Processing time of a 

sample concrete system. 

3.5.1 Improvement in efficiency and effectiveness of Labor Productivity 

 Many authors have contributed to the improvement of the labor productivity in Finnish 

construction industries.But in case small and medium scale automated industry it is not the 

same. Utilization of skilled labor to utmost effective percentage matters. Improving operator 

efficiency can have a big effect on productivity. Many tools help to monitor, control, track 

and analyze the performance of the operator. Identifying the underperformance operator(s) 

by comparing among them, giving re-training for under-performers and spreading the best 

practices of the star performer. 

 

Improve in time management, for example, an operator arriving at the machine 10 minutes 

late, and taking an extra 10 minutes over breaks and finishing 10 minutes early, losses 20 

minutes in 8 hours of shift or 6.25 %. If there are two skilled operators then there is a loss of  

1 man-hours per shift without monitoring and controlling it will be much longer. 
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In this research, analysis done on using two skilled labors in a system. it depicts about the 

approach to improvement in the effective use of labor. Having two skilled labor for an 

industry how can they maintain the operations of machines. Special cases, when the demand 

is high or the skilled labor may be absent due to personal reasons. In these cases how the 

productivity is maintained for a customer demand. Following are some of the practical 

situations that may face. 

Considering the input as customer demand, number of working days according to finish 

standards and output will be a number of shifts required, number of skilled labors and control 

hours with varying efficiency of an industry. 

Ideal Situation: Considering, industry working with 100 % efficiency and customer demand 

is 30,000 units per month. 

Production    = 12,800 kg/month 

The machine output of ‘E’ and ‘D’   =  80 kg/hr. (50 + 30) 

8 hrs work shift per day   = 80 * 8 hrs/day 

    = 640 kg/day 

For 20 working days in a month  = 640 * 20 days 

Industry output for per month  = 12,800 kg/month 

Skilled Labor   = 2 persons 

TAKT time    = 17 seconds 

In order to complete the 30,000 units the number of days required is 47days. 

That will be 20 days + 20 days + 7days =  12,800+ 12,800 + 4,480 units/month 

   = 30,080 units 
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Finally, to complete an order of 30,000 units, 47 working days are required with can 

managed by two skilled labor in an ideal condition. 

But, it always not the same in industry. There will be variations in production rate which 

affects the overall productivity of an industry. 

Situation 2: When the customer demand is 30,000 units. Customer demands to have finished 

products in 1 month. In this situation 

Production     = 12,800 kg/month 

The machine output of ‘E’ and ‘D’   =  80 kg/hr (50 + 30) 

8 hrs work shift per day   = 80 * 8 hrs/day 

    = 640 kg/day 

For 20 working days in a month  = 640 * 20 days 

Industry output for per month   = 12,800 kg/month 

Skilled Labor   = 2 persons 

TAKT time    = 17 seconds 

Efficiency rate    =  75 % 

In this situation, the constraint is to complete the work in a month with two skilled labors. 

So the possibility is to increase the working shifts,  

When increase in 2 shifts per day in a month  = 12,800 * 2 

=  25,600 kgs/month with 

two shifts 

 

Remaining work to complete is   =  30,000 – 25,600  

    = 4,400 units of work left 
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So the above solution would satisfy the requirements. 

The possible solution would be 13 working days for 2 shifts and 7 working days for 3 shifts. 

13 working days for 2 shifts  =  13 * (8 hrs work shift /day) * 2 shifts                                 

   = 13 * 640 * 2 

Production (P1)  = 16,640 units 

7 workings days for 3 shits  = 7 * (8 hrs work shift /day) * 3 shifts 

   = 7 * 640 * 3 

Production (P2)  = 13,440 units 

In total output is   = 16,640 + 13,440 

Total Production (P1+P2)  = 30,080 units /month 

This will satisfy according to the customer condition. 

But the cost is increased. When there is an increase in working shifts, two skilled labor is 

insufficient for an industry. The company needs to hire extra labors for completion of work. 

For 3rd shift working for a day, two skilled persons are ineffective for production of units in 

a day and it is a violation as per Finnish standard labor law.  

In this case, four extra skilled labors are required for 2nd  and 3rd  shift. In total, skilled labor 

required to complete the job within a month is 6 person. 

According to this variation, a number of labor required depending on the number of days 

and hours is tabulated (Table 3.8) using the Equation 16. 

Considering the Number of Labor's required (L2)  : 

 
𝑅𝑜𝑢𝑛𝑑 𝑢𝑝( 𝐷1 ∗ 𝐻1 ∗ 𝐿1)

(𝐷2 ∗ 𝐻2)
  (16) 

 

The control in hours is the number of manpower required to reduce the project duration.  
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Table 3.8: Number of labors requirement according to working hrs. and days 

Days  Hours  A number of Labor's req. Control in hrs. 

D1 = 30 H1 = 8 L1 = 2 480 

D2 = 20 H2 = 8 L2 = 3 480 

20 16 2 640 

20 24 2 960 

4 24 10 960 

30 17 2 1020 

30 24 2 1440 

22 24 3 1584 

 

The number of labors requirement in accordance with the number of working days and 

working hours (Table 3.8). This is based on the requirement for the sample concrete industry 

in this paper. 

For Example:  

Available time is 14 days, 8.5 hours per day and 5 employees.   

Total Project man-hours  will be = 14 x 8.5 x 5 = 595 hours. 

Total 595 hours in hand, and with how many employees can complete in reduced time, is 

the calculation. 

 

Situation 3: When the customer demand is 30, 000 units and condition to complete the job 

within 1 month. 

Industry output for per month   = 12,800 kg/month 

8 hrs work shift per day   = 80 * 8 hrs/day 

    = 640 kg/day 

Production     = 12,800 kg/month 

Skilled Labor   = 2 persons 

TAKT time    = 17 seconds 
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Efficiency rate    =  75 % 

Number of shift (s)   = 1 (8 hrs.) 

In this case,  if industry thinks to work overtime (3 shifts for a month) to fulfill the 

requirements of the customer then an industry will be in loss. The cost incurred will be more 

for overwork, paying for extra shifts and hiring new labor.  

20 working days for 3 shifts  =  20 * (8 hrs work shift/day) * 3 shifts 

   = 20 * 640 * 3 

 Production  = 38,400 units/ month 

The above production rate is excess in compare with the customer demand. This results, in 

loss of an industry. 

 

3.6 Other Interesting trends 

As the decisions are made, there always the unknown out there. The ambiguity is there in 

every decision is done. The states of ambiguity that need to appreciate and understand while 

making a decision.  

• The first state is Highly predictable. In this, what is the future is going to bring is 

known and with that knowledge an appropriate decision is made. 

• The second state is the Distinct Possibilities. In this, there are two, three or maybe 

four future alternatives. Like this case of a situation of distinct possibilities, plan for 

the contingency plan based on which of those four might happen. 

• The third state is Spectrum of Outcomes. In this, a very broad but definable set of 

outcomes that could happen.  

• The fourth state is Complete unpredictability. In this, there’s no way to know what 

the future is going to hold. 

 

 



61 

 

 

 

So looking at making decisions, it is better to understand the impact of ambiguity on the 

decision and risk it carries with it. 

Improved motivation by means of goal setting and competition. Displaying the live 

information about the key performance indicators (KPI) displays and balance score card 

(BSC) improves motivation and outputs. Awareness of monitoring cuts poor working 

practices. 
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4 DISCUSSION AND RECOMMENDATION 

 

 

The results are on the basis of the theoretical review of a construction industry. The main 

problem faced in finding possible solutions is what determining inputs and outputs should 

be analyzed. As per the resulting study, for the consistency productivity development in a 

construction industry is to identify the impact and effects of numerous available resources 

inputs and outputs and their inter-relationship. The findings from this study show the 

possible solution and apt thinking to certain circumstances issues raised. The productivity 

differs with the type of industry and across the countries. The present paper will close the 

gaps of the literature review and analysis done.  

The study shows that approaches are analyzed taking into consideration of real practical 

situations in an automated medium-sized industry with limited labor force and Finnish 

standard working hours. However possible solutions and methods are employed and 

described in a proper way.  While, the production managers will be helpful if same issues 

arise, then set of actions and calculations can be followed, in order to maintain the 

productivity. The methods and approached in this paper will make easy, not complex for the 

production managers. Rather following some complicated models and Equations.  Methods 

used are not unique and there is no set hard rule to follow. But, they help in balance and 

increase productivity and performance of an industry. Nevertheless, this paper is subject to 

limitations. Although literature review emphasis on quantitative and model-based 

approaches. 

 

4.1 Big decision: making better and faster decision 

Being data-driven is not easy and it is not just about data. The analytics is only useful if there 

is a talent and the leadership strength to get the correct information at right time, to the right 

person so the manager can take the action. Comparing from the literature review, as most of 

the companies cannot afford for make in-house production due to lack of resources and raw 

materials and approaches followed were not specially designed for make or buy decision 
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(Cáñez, Platts & Probert, 2000).  Many industries explored on how an organization is 

carrying out the big data and leveraging them to make strategic decisions that give them the 

competitive advantage. Most often large pre-casting industries, production managers use 

high data driven by using machine algorithms, predictive and perspective analytics. As from 

Quinn & Hilmer (1994) research suggested that dual approach was adopted by most of the 

industries in order to leverage and potential skills of a firm. But rest of the industries which 

are not data-driven are ready to compete but fail to match because their decision relies on 

past experience and old intuition methods. 

 

This paper contributes to present research in order to make an effective decision of a 

company, it lies on the right balance of artificial and human intelligence with managers 

framing the right questions and using machines for work at they do best. Managers and 

executives can make more informed and effective decision. In addition, using the 

sophisticated analytics and decision- making. Managers need to react quickly when an 

opportunity arises. Most expect to good progress but anticipate the fall short of their own 

expectations for where their decision-making capabilities need to be in future years. So it 

tends to show, if the industry is not highly data-driven, it is better more focus on decision-

making processes and evolve in future. But not only on the time. 

 

Based on quantitative analysis carried out in a make or buy maybe sufficing to make an 

approach on cost-effective, but, on the qualitative analysis it is continuous improvement and 

cannot be measured specifically. Depending on the situation in this research what manager 

can face decision problem is analyzed and can adapt. 

Further, if the decision is to make in-house production, this results in an industry is capable 

of the idle production volume and capacity, effective use of labor productivity, maintaining 

the quality of the product and satisfying the customer demands on time. As previous research 

shows that selection of the seller by managers were based on Cost and Time factors but not 

given attention on quality (Verma & Pullman, 1998). Considering with reliability, in the 

worst condition the third party vendor is considered especially when the steaks are down and 

critical to normal business. Based on the agreement (fixed price, time and material and cost 

reimbursable) between industry and supplier forms a relationship. 
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4.2 Capacity break down 

The planning for capacity requirements plays an important role in an industry. The 

organization has to meet expected goods to deliver on time and quality standards of a 

company to adhere. The amount of good to be produced will be agreed upon the customer 

requirements depending upon the resources and facilities available. When the capacity 

utilization fails to meet the expected percentage of a company it would be disaster and loss 

to a company.  Capacity management should be well-taken care as it is linked with the 

decision of make or buy. The industry with limited capacity and high demand of products to 

be produced, then the production rate of the system will be decreased. 

 

4.3 Bottlenecks 

Construction industries should remember that only data will not help to find out the 

constraints. If the bottleneck(s) existence in the system, it is too good to be true. Most often 

the industries are finding out the regrettable bottlenecks. Bottleneck(s) are not always only 

expensive huge machines in a system, in-fact bottleneck(s) should find out in the whole 

system over a place never assume where they should be. In contrast with economic 

bottleneck developed by Lawrence & Buss (1995). 

 

However, the task to find the bottleneck and be sure of its existence will take time for a while 

to find it. But reassure that once the bottleneck(s) is found it is easy to make sure by testing 

that idea. Hypothesis testing finds the constraints in the system and it makes everything in 

sense. The performance of the bottleneck(s) can be correlated to the performance of an 

industry.  When compared with results obtained which are not successful after running 

computational tests for many hours and are performed on more than one machine (Adams, 

Balas & Zawack, 1988). In a similar way, compared with Beam search method procedure 

and beam search algorithm (BBMS), the effort by computational analysis did not fetch good 

results to enable enough practical implementations (Akella, Choong & Gershwtn, 1984). 
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In today’s environment, most industries find difficulty in tracing out the bottleneck(s) or 

neglect it, because most often industries about 80% probability fail to find where the 

bottleneck is. Once the hypothesis is tested it will be much simpler and makes it in sense. 

Management department should take attention and care of it properly otherwise it might be 

out of pace. 

 

4.4 Theory of constraints 

It is not always in need of lean or six sigma required to solve the problems. The Theory of 

constraints talked about the bottleneck(s) which slow down the process of the system. This 

technique helped to eliminate the bottleneck(s) in a simple way. 

 

Analysis carried out in an industry may be outdated and all past experiences. Theory of 

constraints and analytically analyzing have shown to find real bottlenecks and it has been 

changing over the years. 

• New Management rules: 

People can just decide by doing more outsourcing or in-house production or going 

from two shifts to three shifts. Change in the distribution capacity so they can create 

or move the bottleneck. 

 

• New Competitor:   

The manager should be up-to-date with the bottleneck identification that it would be 

really today but, not the talking about an organization two years ago. 

 

• New quality requirements: 

It should not become a new capacity constraint. As in any industry, the quality 

requirements will be increasing year by year ensuring that quality is increasing 

regularly. On the other hand, the cost is another value function, which might not have 

considered so the quality department will be under pressure and end up with too 

much of work. 
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• Regrettable cost-cutting initiatives:  

This is another classic which is usually set in the industry. In order to save the money 

for the cost occurrence, by not making enough profit so there is a reduction in 

production units. Results occurred in where it cost more than what it would be before. 

In line with the study of Lawrence & Buss (1995) who studied economic bottleneck 

found a high degree of unprofitability due to the overflow of costs and demand 

planning for various products.  

 

• New Technology, New Machines, New strategy, New Raw Materials:  

Which the innovation era, new machines are developed. The pace of new technology 

arriving is faster and will increase further. New strategic decisions and new materials 

will emerge eventually. 

In general, the theory of constraint (TOC) says a company/organization is a coordination of 

connected entities functioning together to deliver the goods to customers and own profits. 

As a result, business variables in the real world are highly interdependent an action that 

changes one variable could impact another variable in the chain which might impact yet 

another variable and so on. Eventually, boomeranging back in the original action. 

 

4.5 Labor Productivity 

The literature review serves as a basis to focus on labor productivity and reveals there is lack 

of attention given in the utilization of human resources and practices to follow in 

construction industries. Major outcome Figure 3.2 and Table 3.7  of labor productivity, labor 

utilization and cost of direct labor are defined. From the exploration, it can be neither good 

or bad by itself. Labor utilization measure is more about the line balance, however, there 

might be perfect line balance of expensive labor workers, so the process could be 

unpredictive but have perfect labor utilization. But not a situation where Freeman (2008) 

stated where it becomes difficult to measure the volume output. The cost of direct labor is 

capturing another angle of the productivity. It takes into the wages that an industry have and 

also the productivity of the employees in terms of how many units of output that are created, 

relevant to their wages. While some of the construction industries hide their labor by relying 
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more on the suppliers by outsourcing ultimately. This will be misleading as Labor 

productivity is absolutely critical in operations. For this reason, their many aspects of labor 

productivity approach. 

 

4.6 Nearly Balanced System  

Of course in a project environment, wherein it is difficult to capture the data regarding the 

task durations and workloads. These data even if calculated are not sufficed to calculate the 

capacity calculations. These data are non-existent and the organization does not even attempt 

to calculate workloads apart from the approximate annual budget. Wasting hours of time to 

prove an idea or concepts or develop a new prototype with a new technology, nobody knows 

about that. Hence it is believed that to balance the workload and resources properly in a 

system, irrespective of how many products need to be produced. 

 

In addition, past is not a good representation of where the industry is today and future will 

be. That is industries try to develop the today’s product with yesterday’s resource pool. For 

example, the labor hired past five years ago are perfect with producing the products before 

or have been producing it. But things have moved on, for the start of new approaches today 

organization doesn’t have right resources. Industries must regularly look out for the new 

things in their business that often exploding but not just emerging with respect to the 

geographic locations. 
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5 CONCLUSION 

 

 

This paper provides suggestion to production managers to refine their practices in a 

construction department in order to continuous improvement of the productivity. The 

construction industry (concrete) lacks in the skill of a practical implementation of 

maintaining consistency of the productivity in an industry. Which accounts both in 

management skills and operations carried in an organization. Its emphasis on continuous 

improvement on production activities and gives clarification for the practical situations 

caused and their impacts on productivity of a system. This research on nearly balancing 

system the productivity without limitations.  

 

5.1 Limitation and Future Research 

This study included considered many largest construction industries and focused on relevant 

problems, while it could be claimed that the construction industries considered may have 

other major concerns to solve the problems. Therefore, it suggested that a construction 

industry can validate to particular findings was done in the study. 

 There is room for more improvements methods and optimizing the productivity by the 

addition of the non-value activities and in-depth analysis of the present uncertainty problems. 

In-depth analysis based on the empirical approaches and methods would help in the 

development of a practical framework of the present situation system exist. 

  



69 

 

 

 

6 REFERENCES 

 

 

Adams, J, Balas , E & Zawack , D. 1988. The shifting Bottleneck Procedure for Job Shop 

Scheduling. Management Science. 34(3), pp. 391-401. 

Akella, R., Choong, Y., and Gershwtn, S. B., 1984, Performance of hierarchical production 

scheduling policy. IEEE Transactions on Components, Hybrids and Manufacturing 

Technology, 7, 225-240. 

Anil Kumar, S & Suresh, N (c2008, 2006). Production and Operations Management (with 

skill development, caselets and cases). (2nd ed.). New Delhi: New Age International (P) 

limited. 

Cáñez, L.E, Platts, K.W & Probert, D.R. 2000. Developing a framework for make-or-buy 

decisions. International Journal of Operations & Productions Management. 20(11), pp. 

1313-1330. 

Chryssolouris, G. 1996. Flexibility and Its Measurement. 45(2), pp. 581-587. 

Dangayach, G.S & Deshmukh, S.G. 2001. Manufacturing strategy: Literature review and 

some issues. International journal of Operations & production management. 

[Online]. 21(7), 884-932. [18 June 2017]. Available from: 

https://doi.org/10.1108/01443570110393414 

Datta, D.K, Guthrie, J.P & Wright, P.M. 2005. HUMAN RESOURCE MANAGEMENT 

AND LABOR PRODUCTIVITY: DOES INDUSTRY MATTER?. Academy of 

Management Journal.48(1), pp. 135–145. 

Dawood, N. 1993. Developing a production management modelling approach for precast 

concrete building products. Construction Management and Economics. [Online]. 12( 

), 393-412. [18 June 2017]. Available from: 

http://dx.doi.org/10.1080/01446199400000050 

Dettmer, H.W. (1997). Goldratt's Theory of Constraints: A Systems Approach to Continuous 

Improvement. (ed.). United States of America: ASQ Quality press Milwaukee, 

Wisconsin. 

Freeman, R . 2008. LABOUR PRODUCTIVITY INDICATORS COMPARISON OF TWO 

OECD DATABASES PRODUCTIVITY DIFFERENTIALS & THE BALASSA-

http://dx.doi.org/10.1080/01446199400000050


70 

 

 

 

SAMUELSON EFFECT, pp. 5-75. 

Goldratt, E.M. 1990b. What is this thing called the Theory of Constraints? North River Press, 

Croton-on-Hudson, NY.  

Grünig, R & Kühn, R (2013). Successful Decision-Making A Systematic Approach to 

Complex Problems. [Online]. ( ed.). Berlin: Springer. [21 July 2017]. Available from: 

https://doi.org/10.1007/978-3-642-32307-2 

Jagersma, P.K & Gorp, D.M (2007) "Redefining the paradigm of global competition: 

offshoring of service firms", Business Strategy Series, Vol. 8 Issue: 1, pp.35-42, 

https://doi.org/10.1108/17515630710686860 

Katikar, R.S & Dr Pawar, M.S. 2014. Finding the Relation between Make or Buy Decisions 

and Capacity for Profitability and Technology in Batch Type of Manufacturing 

Industries. International Journal of Engineering Inventions. [Online]. 4(7), 45-55. [19 

August 2017]. Available from: http://www.ijeijournal.com/ 

Salonitis, K & Ball, P. 2013. Energy efficient manufacturing from machine tools to 

manufacturing systems. Forty Sixth CIRP Conference on Manufacturing Systems 

2013.[Online]. ( ), 634–639. [21 July 2017]. Available from: http://dx.doi.org/ 

10.1016/j.procir.2013.06.045 

Lawrence, S.R & Buss, A.H. 1995. ECONOMIC ANALYSIS OF PRODUCTION 

BOTTLENECKS. 1( ), pp. 341-363. 

Pekuri, A, Haapasalo, H & Herrala, M. 2011. Productivity and Performance Management – 

Managerial Practices in the Construction Industry. International Journal of Performance 

Measurement. [Online]. 1, 39-58. [11 June 2017]. Available from: 

https://www.researchgate.net/publication/265175596 

Quinn, J.B & Hilmer, F.G. 1994. Strategic Outsourcing. Sloan Management 

Review. 35(4), pp. 43-55. 

Rinnooy Kan, A.H.G (c1976). Machine Scheduling Problems. [Online]. ( 

ed.). Boston: Springer. [30 August 2017]. Available from: https://doi.org/10.1007/978-1-

4613-4383-7 

Rojas, E.M & Aramvareekul, P. 2003. Labor Productivity Drivers and Opportunities in the 

Construction Industry. JOURNAL OF MANAGEMENT IN ENGINEERING.  

[Online].19( ), 78-82. [12 June 2017]. Available from: http://dx.doi.org/ 

10.1061/(ASCE)0742-597X(2003)19:2(78) 

https://doi.org/10.1007/978-3-642-32307-2
https://doi.org/10.1108/17515630710686860
http://www.ijeijournal.com/
https://doi.org/10.1007/978-1-4613-4383-7
https://doi.org/10.1007/978-1-4613-4383-7


71 

 

 

 

Sacks, R, Eastman, C.M & Lee, G. 2004. Process Model Perspectives on Management and  

Engineering Procedures in the Precast/Pre-stressed Concrete Industry. JOURNAL OF 

CONSTRUCTION ENGINEERING AND MANAGEMENT. [Online]. 130( ), 206-

215. [11 August 2017]. Available from: http://dx.doi.org/10.1061/(ASCE)0733-

9364(2004)130:2(206) 

Schragenheim, E & Dettmer, H.W. 2000. Simplified Drum-Buffer-Rope A Whole System 

Approach to High Velocity Manufacturing. Manufacturing at Warp Speed: Optimizing 

Supply Chain Business Performance. 

Verma, R & Pullman, M.E. 1998. An Analysis of the Supplier Selection 

Process. Omega. [Online]. 26( 6), 739-750. [1 July 2017]. Available from: 

http://dx.doi.org/ 10.1016/S0305-0483(98)00023-1 

 

 

 

 

http://dx.doi.org/10.1061/(ASCE)0733-9364(2004)130:2(206)
http://dx.doi.org/10.1061/(ASCE)0733-9364(2004)130:2(206)

