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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

The main challenge facing this research is the selection of a correct methodology to evaluate the productivity of work activities in 
an industry where the work is not repetitive and the common techniques of its analysis cannot be used. The goal is to improve the 
management of construction projects and their associated costs in order to make the resources available to them more efficient and 
effective and improve productivity. Two Mexican companies were evaluated for a period of two years and the data was processed 
with the application of the Integrated Control Chart and more homogeneous operations were obtained within the construction 
sector, thus reducing the special causes of variation and counteracting the variability that characterizes this process. Standardization 
(concluding stage), is a tool that will help the company to raise its productivity levels. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 
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1. Introduction 

The companies in the construction sector, with variable production or non-repetitive works, are constantly facing 
with the issue of not being able to standardize their activities or operations. This dilemma creates an uncertainty in the 
elaboration of the Planed Value PV, on a project, developing a lack of control and productivity in the project. The 
productivity is one of the most important aspects for the construction industry which help for revival or growth. 
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 Among man, material and machinery, manpower is the most precious resource and if manpower is consider as an 
input in productivity then the productivity is known as labor productivity [11]. However, the process (set of multiple 
operations) can be standardized by performing a compilation of data in relation to the time involved in all the contained 
procedures in the development of a good or service (fabrication of an equipment) that can be divided in tasks (hold 
the base, install the box, insert electronic cards, etc.) and in elements (collocate right hinge, left, assemble door in 
main room, etc.). 

Whenever possible, the standardization of activities or procedures, the validation of the number of measurements 
regarding these tasks are determined by the function of the variation of type in each cycle. With this, an operation 
with three elements and an average cycle time of six seconds of each of these elements should be measured 200 times. 
In the case of an average cycle time of 15 seconds, the task should be measured 100 times and with an average cycle 
time of 30 seconds it should be measured 60 times [9]. Since we are discussing the enterprises that cannot standardize 
their procedures, it is been researched a way to make it possible to achieve a more accurate definition of the Planned 
Value. To obtain the validation of the number of measurements and employees that will be compilated, there will be 
methods, which will be explained later. The procedures are defined as productive, preparation, unproductive, 
administrative, uncommon supplement and element. They have the objective of being able to define through their 
value the impact of the established PV: 

The data of the six operations mentioned above was collected in two Mexican companies of variable production, 
utilizing 30 analysts for this project. The sets of data were created in relation with the duration of each process that 
was involved in the task. Each measurement period was based on the time that was used with an objective, whether it 
was the installation of an equipment, a pipeline, support or any process in its whole (6). Every single analyst registered 
15 employees during full work hours. The evaluations were done in the consideration that each set of data that was 
collected stayed in the same condition. For the development of the calculations of the average, the standard deviation 
and the control limits, the data recovered for two years was included. Finally, the research gathered a set of 173 results 
in 520 days. The work hours were of eight hours daily from 8:00 am-12:00 pm and from 1:00 pm – 5:00 pm.  

The analysts recovered data every 10 minutes from 15 employees, giving a total of 720 daily. A total of 
approximately 187,200 measures were done throughout the year. In a second work station, other 90 employees were 
analyzed and the total of measurements in one year was of 162,200. With this, a total of 30 analysts, during two years, 
performed the research with a grand total of 349,400 measurements. During each semester of the investigation 
performed, 8 analysts were employed, from which: six collected the data; one captured the collected data in a 
computerized system and the other one managed and administered the project (7). 

2. Job sampling 

There are many companies and industrial plants where jobs do not have cyclic or repetitive patterns. Construction, 
supervising and administrative tasks fall in that category. Most of the office, service and maintenance related jobs are 
also in such category (5). For this type of activities both the technical job sampling and the analysis of job activities 
can be used. A disadvantage of the observations made by the job sampling is that they do not register the sequence of 
the activities, although they can be done in an occasional way without constituting a heavy weight of work (2). 
However, in the analysis of the job activity the observations did preserve the job sequence in the records, but they still 
may require a considerable time cost. For work researches where the daily pattern is quite different from day to day, 
the job sampling is particularly useful; in tasks where the daily pattern is similar from day to day the analysis of job 
activities is recommended. Both techniques are samplings in which only one part of the whole job is studied. The 
analysis of job activities is described as an intensive sampling, while the job sampling is an extensive sampling. 

The Job Sampling technique uses random hours for the retrieval of data. The random hours were determined with 
the purpose of obtaining 720 daily observations that were done through eight hours daily. To complete this number of 
observations, the capture of data was done every 10 minutes randomly. In order to prevent the analyst from presenting 
any kind of incidence in the observation, the random numbers were obtained by a program that allows the creation of 
3 random numbers each time it is run. From those three numbers, the first random number was classified as the hour, 
and both the second and third numbers were labeled as minutes (see Table 1). 

Since the work hours considered for the data collection were from 8:00 am - 12:00 pm and 1:00 pm -6:00 pm, the 
12:00 pm work schedule is dismissed. 

 G. Espinosa-Garza / Procedia Manufacturing 00 (2017) 000–000 3

Table 1. Random numbers and their transformation into hours of measurement for the retrieval of data. 

Random 1 Time sample (hour) Random 2 and 3 (min) Time to gather data 
0 8am 23 8:23am 
1 9am 54 9:54am 
2 10am 67 X 
3 11am 83 X 
4 1pm 01 1:01pm 
5 2pm 14 2:14pm 
6 3pm 30 3:30pm 
7 4pm 23 4:23pm 
8 5pm 65 X 
9 6pm 90 X 

 
To understand how this section was executed let’s suppose that the random numbers showed “023”, this implies 

that the collection of data would be done at 8 am past 23 minutes. Numbers such as “565” that did not follow the 
methodology were rejected. The number of times that the sample of random numbers has been realized was done until 
the data obtained allowed the collection of data every 10 minutes (8). In regard with the research target, six primarily 
and measurable factors were considered in order to evaluate the possible standardization of the work processes: 

Productive are activities that give the product or service an added value. In other words, it’s all the activities that 
are involved directly with the material or parts. For example, welding jobs, paints, cuttings, etc.  

Preparation are activities that are needed to conduct the productive work, but without giving the final product an 
aggregated value. Those are actions such as preparation of the work stations, preparation of the machinery, tools or 
personal protection equipment, exploration and analysis of blueprints or isometrics, etc.  

Work supplements are the activities that are related with the recovery of the physical activity caused by the job’s 
nature. These are tasks like breaks, drinking water or any refreshing beverage, physiological activities, etc., all which 
are inside a permitted time range (in accordance with the established standards). 

The unproductivity considers all the activities that do not provide an aggregated value to the product or service. In 
this case, the unproductive time is attributable to the operator. Those are classified as leisure, chatting, more break 
time than the one allowed, more lunch time than the one allowed, etc. 

In the administrative part the activities considered are those that are related with the unproductive time attributable 
to the administration and organization of the company. Some examples of these are the inactivity caused by lack of 
material (poor material planning), inactivity caused by the lack of machinery or personnel (poor resource planning), 
inactivity caused by a downtime of an instruction not been given (poor task planning), inactivity caused by the 
fulfillment of security protocols, inactivity caused by obtaining of work permissions or plant cessations. Activities 
related with the relocation of equipment (poor distribution) are also included. This last one example can be left as 
preparation depending on each plant (12).  

Unusual elements are the activities that do not grant the final product or service an aggregated value, but that are 
not attributable to the operator. In this case, things such as rains, storms and an unsatisfactorily environment are 
included [4]. 

3. Number of needed observations in each process or worker 

According to Niebel [1] the job sampling is based on the probability standards: at any determined time, an event 
can be manifested or omitted. We know the job sampling technique is a discontinued procedure. However, throughout 
the instantaneous observations the quantity of productive, preparative, unproductive, supplementary and 
administrative time and unusual element that are involved in a process are ratified. The next expression determines 
the sampling length for vast populations [10]. 
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Where: 
n= simple size 
p= probability of only one incident 

= error 
 
In the sampling job, a sample of size “n” is taken to try to estimate p. It is known from the elemental theory of 

sampling that the value of the “estimated P” (the proportion based on the sample) for each sample cannot be expected 
to be the true value of p. However, this value of the “estimated p” in any sample is expected to be inside in the p + 2 
standard deviations range around 95% of the time. In other words, if p is the legitimate percentage of a given condition, 
the estimated p of any sample is predicted to be out of the p + 2 standard deviation range for about only 5 out of a 100 
tries due to the randomness effect. In this project a preliminary sampling was conducted with a size of 100, n=100, 
this with the purpose of approaching the value of p. Supposing a value of the “estimated”= 0.7 meaning that the 70% 
of the times, the employees are performing a task within the production, and considering an error value of l= 5%, the 
error of 5% of the total is reasonable guide for qualitative researches. The number of observations that should be done 
is: 

336
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The value of the n for this project was of 336 samples for each and all of the 90 employees in both companies; the 
period of this evaluation was of approximately two years. The averaged and standardized value of p was of = 17.18 
Doing a reevaluation of n with the real value of p it is obtained: 

76.225
)05.0(

)17.01(*17.0*4
2 


n
(3)  

Since the value of the n has been lower than the one that was performed, it is inferred that the retrieved value of n 
has a validate warranty for our research paper.  

4. Number of employees or population needed in each company 

For the case study, the previously described methodology should be done for each of the six processes that have 
been proposed on both companies. Considering that the activities will be done by work crews in each company, it has 
been determined the population of employees that should be evaluate in the research to ensure a sample of the 
representative population. The following equation according to Santos, determines the number of employees that are 
need to be evaluated to guarantee a validity in the results [10]. 

 

                    (4) 

Where 
n =The size of the sample we want to obtain 
N =Universe size 
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Zα =Value corresponding to the Gauss distribution  
d= error  
P= probability of only one incident 
q= probability of an omission  

 
The number of measured employees was of 180, higher than the number required for the formulation of the problem 

(see Table 2). 

Table 2. Size of the population of two Mexican companies. 

Industry Workers  Zα=95
%  

N d=5
% 

p=0.5 q=0.5 Size of 
population 

1 112 1.96 112 0.05 0.05 0.05 75 
2 210 1.96 210 0.05 0.05 0.05 104 
Total  322      179 

5. Methodology for the compilation, bucket and standardization of data 

It is expected to know if the gathered date in the categories of productivity, preparation, supplements, unproductive, 
administrative and strange element can consider themselves as standardized operations. Following, it is presented the 
equations of the media, the standard deviation, the limit of superior control and the limit of inferior control that will 
be used to know if the data behaves as standardized data. Later it will be explained the standardization of operations, 
using as an example a group of 5 data of the total 349,000 mediations.  Finally, in Fig. 2, it is represented the results 
of all the procedure made and the standardized data. The following equation according to Sullivan, determines the 
media of the data [3]. 

 

                  (5)  

Where: 
X= collected data 
N= number of data   
 
From a set of data shown in the table 3 

Table 3. Set of data used to exemplify how to obtain LCS and LCI. 

Sample Value 
X1 20.93 
X2 24.79 
X3 25.00 
X4 22.13 
X5 23.60 

 
M= (20.93 + 24.79 + 25.00 + 22.13 + 23.60)/5 
M= 23.29 
 
To obtain the Standard Deviation the following equation was used: 
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be used to know if the data behaves as standardized data. Later it will be explained the standardization of operations, 
using as an example a group of 5 data of the total 349,000 mediations.  Finally, in Fig. 2, it is represented the results 
of all the procedure made and the standardized data. The following equation according to Sullivan, determines the 
media of the data [3]. 

 

                  (5)  

Where: 
X= collected data 
N= number of data   
 
From a set of data shown in the table 3 

Table 3. Set of data used to exemplify how to obtain LCS and LCI. 

Sample Value 
X1 20.93 
X2 24.79 
X3 25.00 
X4 22.13 
X5 23.60 

 
M= (20.93 + 24.79 + 25.00 + 22.13 + 23.60)/5 
M= 23.29 
 
To obtain the Standard Deviation the following equation was used: 
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D= 1.7449 
UCL = M + 3D  
UCL = (23.29) + 3 (1.7449) = 28.52 
LCL = M – 3D 
LCL = (23.29) - 3 (1.7449) = 18.055 
 
Where  
D is Standard Deviation  
UCL is Upper Control Limit  
LCL is Low Control Limit 
 
In the following chart can be observed that the group of 5 data applied for the explanation of the standardization do 

comply as standardized data. The results as a graphic is shown in Fig. 1. 
 

 

Fig. 1. Graph of limits of superior and inferior control. 

6. Results  

The outcomes that have been retrieved for two years on the two industrial plants are presented in the Fig. 2. From 
a total measures number of 349,000 results, 60,000 were of productivity and its standardized value was of (17.18), 
130,000 were of preparation and its standardized value was of (37.36), 14,500 were of supplement and its standardized 
value was of (4.17), 93, 000 were of unproductivity and its standardized value was of (26.74), 38, 000 were of 
administration and its standardized value was of (10.87) y 9, 000 were of unusual elements and its standardized value 
was of (2.58). Every value of these six processes are standardized.  
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Fig. 2. Data of the six processes measured in both companies. 

Applying the equations 5, the results obtained are shown in the table 4 

Table 4. Average, standard deviation and control limits of process of two Mexican companies. 

Process Average Standard D. UCL LCL 
Productivity 17.18 1.25 20.93 13.43 
Preparation 37.36 1.53 41.95 32.71 
Supplement 4.17 1.04 7.29 1.05 
Unproductivity 26.74 1.32 30.7 22.78 
Administrative 10.87 1.42 15.13 6.61 
Unusual element 2.58 1.29 6.45 -1.29 

7. Conclusion  

With the standardized data of the six processes that have been measured in the construction sector, it can be seen 
that if the values of the planned value PV in a project are modified, the productivity will improve as a result of a lower 
uncertainty in the project control. To determine the value of the PV in a project, the productivity standards, preparation, 
supplements, administrative and unusual elements should be added, this value is of 72.16. In this way, the 27.84 should 
be added to the original PV that each company grants in accordance with their expectation to calculate the real PV 
value. This model that is proposed requires to break down the costs of a project in a process shape and change the 
traditional price quotation scheme of a project where the costs are referred to operations or tasks. The planned value 
of an estimated project without standardized data will have a mayor error in contrast with the project of standardized 
data. The consequence of not standardizing the data of the planned value is that it will affect the productivity of the 
development of the project, due to the fact that the investments will be greater than the presented in the project’s 
beginning.  

References 

[1] Benjamin, W. Niebel. Ingeniería industrial De Niebel Métodos, Estandares y Diseño del Trabajo (McGraw-Hill Inc), México, 2014. 
[2] J. Gonzál, Teoría y Práctica del Mantenimiento Industrial (FC editorial), Madrid, 2012. 
[3] M. Sullivan, Statistics Informed Decisions Using Data (Pearson), USA, 2013. 
[4] I. Loera, G. Espinosa, C,Enríquez, J. Rodriguez, Procedia Engineering, 63 (2013) 947-955. 
[5] I. Loera, G. Espinosa, Labor Productivity in Projects of Construction and Industrial Maintenance. Key Engineering Materials, 615 (2014) 139-

144. 
[6] Y. Lu, J. Yan, Z. Han, P. Gu, Construction research of maintenance support system. J. Donghua University. 32 (6) (2015) 936-939. 



 G. Espinosa-Garza et al. / Procedia Manufacturing 13 (2017) 1003–1010 1009
6 G. Espinosa-Garza / Procedia Manufacturing 00 (2017) 000–000 

               (6)  

4
)9.236.23()9.2313.22()9.2325()29.2379.24()9.2393.20( 22222 

D

(7) 

D= 1.7449 
UCL = M + 3D  
UCL = (23.29) + 3 (1.7449) = 28.52 
LCL = M – 3D 
LCL = (23.29) - 3 (1.7449) = 18.055 
 
Where  
D is Standard Deviation  
UCL is Upper Control Limit  
LCL is Low Control Limit 
 
In the following chart can be observed that the group of 5 data applied for the explanation of the standardization do 

comply as standardized data. The results as a graphic is shown in Fig. 1. 
 

 

Fig. 1. Graph of limits of superior and inferior control. 

6. Results  

The outcomes that have been retrieved for two years on the two industrial plants are presented in the Fig. 2. From 
a total measures number of 349,000 results, 60,000 were of productivity and its standardized value was of (17.18), 
130,000 were of preparation and its standardized value was of (37.36), 14,500 were of supplement and its standardized 
value was of (4.17), 93, 000 were of unproductivity and its standardized value was of (26.74), 38, 000 were of 
administration and its standardized value was of (10.87) y 9, 000 were of unusual elements and its standardized value 
was of (2.58). Every value of these six processes are standardized.  

 
 

 G. Espinosa-Garza / Procedia Manufacturing 00 (2017) 000–000 7

 

Fig. 2. Data of the six processes measured in both companies. 

Applying the equations 5, the results obtained are shown in the table 4 

Table 4. Average, standard deviation and control limits of process of two Mexican companies. 

Process Average Standard D. UCL LCL 
Productivity 17.18 1.25 20.93 13.43 
Preparation 37.36 1.53 41.95 32.71 
Supplement 4.17 1.04 7.29 1.05 
Unproductivity 26.74 1.32 30.7 22.78 
Administrative 10.87 1.42 15.13 6.61 
Unusual element 2.58 1.29 6.45 -1.29 

7. Conclusion  

With the standardized data of the six processes that have been measured in the construction sector, it can be seen 
that if the values of the planned value PV in a project are modified, the productivity will improve as a result of a lower 
uncertainty in the project control. To determine the value of the PV in a project, the productivity standards, preparation, 
supplements, administrative and unusual elements should be added, this value is of 72.16. In this way, the 27.84 should 
be added to the original PV that each company grants in accordance with their expectation to calculate the real PV 
value. This model that is proposed requires to break down the costs of a project in a process shape and change the 
traditional price quotation scheme of a project where the costs are referred to operations or tasks. The planned value 
of an estimated project without standardized data will have a mayor error in contrast with the project of standardized 
data. The consequence of not standardizing the data of the planned value is that it will affect the productivity of the 
development of the project, due to the fact that the investments will be greater than the presented in the project’s 
beginning.  

References 

[1] Benjamin, W. Niebel. Ingeniería industrial De Niebel Métodos, Estandares y Diseño del Trabajo (McGraw-Hill Inc), México, 2014. 
[2] J. Gonzál, Teoría y Práctica del Mantenimiento Industrial (FC editorial), Madrid, 2012. 
[3] M. Sullivan, Statistics Informed Decisions Using Data (Pearson), USA, 2013. 
[4] I. Loera, G. Espinosa, C,Enríquez, J. Rodriguez, Procedia Engineering, 63 (2013) 947-955. 
[5] I. Loera, G. Espinosa, Labor Productivity in Projects of Construction and Industrial Maintenance. Key Engineering Materials, 615 (2014) 139-

144. 
[6] Y. Lu, J. Yan, Z. Han, P. Gu, Construction research of maintenance support system. J. Donghua University. 32 (6) (2015) 936-939. 



1010 G. Espinosa-Garza et al. / Procedia Manufacturing 13 (2017) 1003–1010
8 G. Espinosa-Garza / Procedia Manufacturing 00 (2017) 000–000 

[7] S. Konz, Diseño de Sistemas de Trabajo (Limusa), México, 2016. 
[8] F. Mario, Triola, Estadística (Pearson), México, 2009. 
[9] V. Edward Krick, Ingeniería de Métodos (Limusa), México, 2006. 
[10] D. Jobber, Administración de Ventas (Pearson), México, 2012. 
[11] S. Dey, S. Manikanda Prabhu G. Siva Subramani, Int. J. Civil Eng. Technol. 8 (1) (2017) 123–131. 
[12] R. Vrijhoef, Effects of Lean Work Organization and Industrialization on Workflow and Productive Time in Housing Renovation Projects. In: 

Proc. 24 th Ann. Conf. of the Int’l. Group for Lean Construction, Boston, MA, USA, 63–72, 2016. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


