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ABSTRACT AND KEYWORDS  
Nowadays, particularly in the world of civil construction, establishing deadlines, costs, and 
quality assurance are crucial for the success of a construction. Considering this, it is necessary 
to plan the construction in advance and predict the magnitude of future problems, which are 
only detected in advanced phases of the construction. The system that will be presented this 
paper aims at to be applied on any type of construction having as main goal the integration of 
deadlines, costs, and quality of the project. This interpretation is conducted in “Microsoft Office 
Project” (MSP), after the activities, duration, and precedence of the project are defined.  
Afterwards, the costs of the “Computer Construction Software” (CCS) are exported to MSP, 
obtaining reports that allow an analysis of the construction. Finally, the introduction of quality in 
the system is conducted through a “hyperlink”, between the planning in MSP, the quality 
planning described in Word, and the plans and records of monitoring and measuring conducted 
in Excel.  

The duration and analysis of a project in MSP, in terms of deadlines, costs and quality, during a 
construction, will be the main advantage of this system even that in a preliminary stage may 
need more time and work. The study was carried out in partnership with the company 
Sociedade de Construções Soares da Costa (SDC), and validated through the application on a 
construction site.  

Keywords: Integration of deadlines, costs and quality, project planning, Microsoft Office Project, 
Construction Computer Software, Quality Plan 

 
1. INTRODUCTION  

The establishment of deadlines and costs is critical for the success of a construction, and the 
more competitive the construction business is, higher the quality level becomes. Because of 
this, and particularly in the construction field, it is necessary to integrate quality and respect the 
deadlines and costs, in other words, to ensure quality without incurring to excessive spending 
and not keeping the deadlines initially stipulated.  
Therefore, it is necessary to plan a construction project in advance and predict the magnitude of 
future problems, which are only detected in advanced phases of the construction. This 
prediction allows the study of solutions which will enable to decrease of costs and time, 
sometimes crucial to keep the budget and deadlines.  
Generally, the Master Dissertation here presented has as main objective to develop a system 
which facilitates the planning of deadlines in conjunction with costs and quality, in other words, 
an integrated management system.  
In practical terms, the already mentioned system was structured in Microsoft Office Project. This 
system will have as goal not only to facilitate the control of the three factors in question, costs, 
deadlines and quality at the same time, as also to optimize them, enabling a surplus value for 
any type of project. This integrated system also counts with the following programmes: CCS, 
used in budgeting/rebudgeting, and Microsoft Office (Word and Excel) used to assure the 
quality and interconnection of the quantity maps and the conducted planning.  The system that 
will be presented aims to be applied on any type of construction.  
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The study was carried out in partnership with the company Sociedade de Construções Soares 
da Costa (SDC), and validated through the application on a construction in course.  

To summarize, the work presented here is organized in the following way:  

• Section 2 – Status of Knowledge: Bibliographic research and related analysis  

• Section 3 – Case Studies: Description of planning systems of deadlines, budgets, and 
company quality.    

• Section 4 – Proposed system: Description of the management system of deadlines, 
budgets, and quality in the Microsoft Office Project program.    

• Section 5 – Validation of the proposed system: Based on the construction data of the 
“Embasamento”, present the results that come from the proposed system and 
consequently demonstrate the validation of the system.  

• Section 6 – Conclusions:  Evaluation of the attainability of the initially stipulated 
objectives, indicate the research limitations, describe the contribution of the study for 
the field in question, and expose possible works in the future.  

Research Metodology 
The work demonstrated here was conducted with the cooperation of the company Soares da 
Costa, in a way that the already implanted system could be improved and adapted to the needs 
imposed. The research methodology adopted is based in case study research, considering that 
the work requires a practical case to validate the system.  

The study lasted for 6 months, in which the attendance at the construction site designated by 
the company was indispensable. Being so, the study was divided in 4 phases:  

• Bibliographic Research and presentation of the studies conducted until such date, and 
a critical analysis, where it was demonstrated explicitly the evolution of knowledge with 
the necessary definitions to its understanding.  

• Collecting information by making interviews and case files, in order to document the 
information for further analysis.  

• Elaboration of the system, considering the attendance at the construction site was of 
great importance for its elaboration.  

• Validation of the system with data collected from the construction in course: 
“Magnoliamar-Rosamar Embasamento”.  

 
 

2. BACKGROUND THEORY 
The bibliographic research was divided in two parts: deadline management and cost and quality 
management, as a result of the integration of the three aspects simultaneously, deadlines, costs 
and quality, having been rarely studied until present time.  
 
Management of deadlines and costs 
Project management in civil construction is an issue every time more complex, in order to 
achieve systems that can be closer to an exact reality. With the purpose to solve integration 
problems between the costs and project duration, all sorts of methods were studied, since 
genetic algorithms to linear problems, being these reformulated until current time, with new 
suppositions and restrictions.  
The methods studied, referred above, can be grouped into three categories:  
1st Category: Method based on a linear/integer program; 
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2nd Category: Approximated methods which are based on decomposed approximations or 
genetic algorithms, which main objective is to reduce computational efforts inputted in the 
methods from the previous category; 
3rd Category: Methods that overcome the basis of the problem and try to reach more realistic 
projects, considering for example, time relation between activities, restrictions and 
interdependence of resources during the course of the activities, or uncertainties associated to 
the parameters of the problems.  
 
 
1st Category 
In 1980, Perera [24] develops a simple method by the use of common bar charts and linear 
programmes, assuming it as unique and linear in the critical path the time-cost relation. The 
integer programming model studied by Shtub, Bard and Globerson [27] in 1994, considers two 
distinct curves for time-cost, through the integration of the indirect costs in the object function, 
representing this way, in a better way, real problems. In 1995, Liu, Burns, and Feng [17], 
presented a new approximation of TCT (time-cost trade-off), in a way that it would contribute for 
the project planning and help in the decision taking process. With this formulation it is possible 
to solve TCT problems with greater efficiency and precision. Always based on the same 
objective, the one of solving TCT problems, Moussourakis and Haksever [20], in 2004, 
developed a flexible and varied model through an integer programme. The model is presented 
in two distinct ways, depending on its object: the minimization of the total price of the project 
with the established duration, or the maximum reduction of time for the project subjected to a 
limited budget. Finally, in 2005, Athanasios, Chassiakos and Serafim [1], developed a 
linear/integer program, in two methods: one exact and other one approximated. While the exact 
method considered all the time-cost combinations possible, in order to obtain the best solution, 
the approximated method considered those combinations only in the critical activities, reducing 
significantly the computational method inputted in the first method.  
 
2nd Category  
The second category is distinguished in two types of methods: the approximated methods and 
the genetic algorithms (GA). Robinson [26], in 1975, presents a study which involves an 
approximation of a dynamic program to determine the critical area of a project, in other words, 
the area that allows the reduction of the integer project duration. In this model, networks with 
specific structures can be decomposed in one-dimensional problems. Subsequently, in 1977,  
Panagiotakopoulos [23] suggested the decomposition of  project networks into independent sub 
networks, considering that all the major projects allow that, it becomes possible to utilize a more 
simplified, efficient and generalized algorithm.  
The objective exposed in the study developed by De, Dunne, Ghosh e Wells [8], in 1995, is to 
identify the decision groups that will derive from the relation between time and the pre-
established price of the project. Finally, in 2000,  Chassiakos [5], presents a time-cost 
optimization method through an integer program, in which opts for the analysis of only the 
network’s critical activities, simplifying this way, the analysis of the entire network.  
In what concerns the second methods (GA), these were used also in the resolution of TCT 
problems, particularly by Feng, Liu e Burns [11], in 1997. They developed a model called TCGA 
that uses Microsoft Excel for the initial data entry. This model, despite obtaining solutions with 
90-95% accuracy, performs a faster search for a small fraction of the entire scale of the search. 
With the purpose to overcome certain limitations, such as the linearity of the time-cost relation, 
and the necessity to work manually the curve that represents that relation, Li, Cao e Love [16], 
in 1999, established a quadratic non linear model. Leu e Yang [15], in 1999, emphasized the 
availability of resources, considering that they are limited on an authentic construction project. 
In these terms, Leu and Yang implemented a computational management model multicriteria-
optimized, which integrates at the same environment three aspects: the TCT problem, the 
restriction of resources, and the levelling of unlimited resources. A year later, Gen e Cheng [12] 
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suggest a genetic algorithm based on an adaptable approximation of weights (Adaptive Weight 
Approach - AWA), for each objective, (Cost reductions, and project duration). Until 2004, 
several genetic algorithms come up to obtain an optimal solution between time and cost, but 
these aspects present a single objective, in other words, they seek the minimization of costs 
and also the project duration. Considering this, Zheng and Kumaraswamy [29] state that is 
necessary to formulate an algorithm with a more efficient multi-objective, which generates 
optimal solutions in the time and cost factors. As a consequence they developed a modification 
of the method “Adaptive Weight Approach (AWA)”, studied by Gen and Cheng [12], designated 
by “Modified Adaptive Weight Approach (MAWA)”. 
 
3rd Category  
Coskunoglu [6], in 1984, considered the inherent uncertainty in the TCT curves and based on 
the linear program already developed by Perera [24], and introducing associated probabilities to 
the duration of the activities. The uncertainties should be considered before a cost and time 
minimization of a project, by which Feng, Liu and Burns [10], in 2000, show the integration 
possibility of the GA methods with simulations. Isidore and Back [13], in 2001, present a new 
procedure involving the application of faster and more direct techniques for the cost reduction 
program. It has in account the inherent variability of the cost and duration of the programmed 
activities, simultaneously with the application of a scale that estimates and calculates the 
probability supported by historical data. Elmaghraby and Kamburowski [10], in 1992, considered 
the importance of generalized precedence relations between the network activities, in order to 
simulate real projects and establish a conceptual framework for a new analysis and future 
development. Brucker, Drexl, Möhring, Neumann and Pesch [4], in 1999, presented a 
classification scheme compatible with the existent planning systems, obtaining through the 
description of the activities, related resources and objective function, the classification of the 
most important models until present time. O`Brien and Fischer [21], in 2000, presented a study 
in which identifies the main critiques to the TCT program utilization. At last, and already during 
the current year of 2007 Motawa, Anumba, Lee and Peña-Mora [19], conducted a research 
which points out the main factors that may influence a project and the modifications that it may 
incur, being possible that those changes may be beneficial, neutral or armful.   
 
Quality Management  
The concern about quality planning was practically inexistent until the year of 1987, when the 
first rules were written in a document entitled ISO 9000 (International Organization for 
Standardization). This document came to replace the only existing rule regarding the quality 
assurance, the British rule BS 5750 in which consisted in the presentation of documents that 
specified the manufacturing procedures.  
Some years later, in 1994, ISO 9000 was reviewed and, partially reformulated, starting to have 
the identification of ISO 9000:1994. In 2000, ISO 9000 was reviewed again in which arose ISO 
9001:2000 and ISO 9004:2000. The first one focuses only on the processes necessary to 
transmit the confidence that the quality requisites of the customer’s product will be achieved, 
and the second one focuses on the continuous improvement of the quality management 
process. Given to the difference of opinions around ISO 9000, Curkovic and Pagell, in 1999, 
presented a study that showed the competitive advantage that comes from the rules that 
existed in ISO 9000. However, Reed, Lemak and Mero, one year later, performed a research 
about the not very consisting theory that supports competitive advantage by implementing TQM 
(“Total Quality Management”).  
Finally, in 2000, Dooley, Anderson and Liu [9] developed PQKB (“Process Quality Knowledge 
Base”) which represents an information system of processes and knowledge to acquire quality 
plans, its control and continuous improvement.  
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3. CASE STUDIES 
The conducted study and the results for analysis demanded the cooperation of a company, in 
this case Soares da Costa. The system that will be suggested consist in an upgrade of methods 
already used by the company, being those adapted to the needs imposed, concerning 
deadlines, costs and quality assurance.  
This way, it was conducted an analysis of the processes implemented in the company in terms 
of deadlines, costs, quality by conducting interviews and analyzing case files.  
It was verified that the systems implemented in the company, in terms of planning and control of 
deadlines, budget, costs and quality, have a significant weight for the project’s success. Even 
so, some of the procedures detected can be perfected, or handled differently.  
The deadline planning is performed in “Microsoft Office Project”, where are defined the 
activities, the durations and precedences. In what concerns the deadline control, evaluations 
are performed every two weeks, in order to update the initial planning. At the company in 
question, the planning and cost control is carried out according to three phases:  
Budgeting, rebudgeting and month control, through a computer program, CCS – “Construction 
Computer Software”. As for the quality management, it is implemented a quality plan adaptable 
to all type of constructions that are developed such as, plans, monitoring and measurement 
records, used for the quality control of the works. During this phase it is used “Microsoft Word 
and Excel”.  
 
Case  
In order to elaborate the system, data was collected from a construction site. The construction 
analyzed contemplates a Construction Contract designated by “Embasamento” to be built in 
Installment P3.3 of UNOP 1 from the Detail Construction Plan Península de Tróia, Grândola. 
The construction was adjudicated by the value of 2,340,063 €, and the closing date established 
to complete the Construction Contract was a 210 days period, with the starting date on January 
2nd 2007. The Construction Contract designated as “private non-residential building” had the 
purpose to make the connection between two hotels, already existing in the area (Hotel 
Rosamar e Hotel Magnoliamar),being structurally divided in four structures separated by 
dilatation joints, having two of those structures, buildings with basement, 0 level, ground floor 
and coverage, having the remaining ones only basement.  
In what concerns the plan of the project in question, it was divided in 88 activities, grouped by 7 
big phases: key dates, preliminary and general, land flattening, electrical installations, 
structures, general structures, diverse and metallic structures. This project presents 4 levels of 
WBS (Work Break Down Structure), with an organization of activities according to the 
specifications and subcontracting.  
 
 

4. PROPOSED MODEL 
After a thorough analysis of all the methods and systems implemented by the company, it is 
possible to verify the particular attention that was paid to the three aspects: deadlines, costs 
and quality. However the interconnections between the three – deadlines, costs and quality – 
don’t happen, only give notions and little information about the situation of the construction on 
its whole. Considering this, it is suggested a model which integrates deadlines, costs, quality 
and that improves the systems already used.  
The model presented here utilizes tools already utilized by the company such as, “Microsoft 
Office Project”(MSP), and “Construction Computer Software”(CCS).  
The procedures announced here suggest a more descriptive planning, characterizing a 
construction closer to reality.  
The tool suggested to integrate the three aspects in question is MSP.  
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Figure 1 – Proposed model with designated software 

 
The first phase of the model consists on the project planning in MSP, being included in this 
procedure the estimates of durations, precedences, and size of the working teams. In order to 
assist the calculation of the quantities of work for each activity, durations and dimension of the 
labour force it is suggested the elaboration of a calculation map in Microsoft Office Excel. This 
map allows a better connection between planning and all the selling structure, and in case of 
existing any changes in terms of quantity of work, it reveals itself a fast and efficient tool in the 
data updating process. It is to highlight the consultation of the internal income tables from SDC, 
as well as the observation of works at the construction site to estimate the construction duration 
and the size of the working teams.  
 

Control and Quality Sheets 
Microsoft Office Excel 

Quality Plan 
Microsoft Office Word 

Proposed Model 
Microsoft Office Project 

Cost Management 
Computer Constrution Software 

Time Management 
Microsoft Office Project 
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Figure 2 – Calculation sheet in Microsoft Office Excel” 

 
The cost estimates for each activity, is done at first in the “Construction Computer Software” to 
produce the budget related to the operations described in the bill of quantities and afterwards, 
those values  will be transferred to the Excel map already mentioned.  
This procedure in conjunction with the already conducted connections to estimate the 
quantities, gives immediately the costs of each activity. The same is conducted after the 
adjudication of the construction and consequently the rebudgeting of the process. By attributing 
the profit margins to the constant prices it is also obtained the selling prices.  
All the values achieved are introduced in MSP, in which is possible to perform monthly reports.  
 
In what concerns the quality, the integration is based on a thorough study of the constructive 
processes and in the introduction of procedures necessary for the definitions of each activity. 
Besides that, it is suggested an anticipated planning of the documents to complete, among 
those the quality planning in Microsoft Word, and the monitoring and measurement planning in 
Excel (PMM and RMM). The association of these documents to each activity is presented 
through a new table in MSP, and through the creation of new activities correspondent to each 
type of document, with a related hyperlink directed to the intended Excel file.  
 
 

5. TEST AND VALIDATION  
During the planning phase in MSP 101 activities were analysed, with a 3 level WBS. It was 
preceded to the definition of activities according to the specialties, highlighting that the selling 
structure, distinguishes effectively the type of products connected to each specialty. Besides the 
summary activities, “Shipyard”, “Land flattening”, “Electrical installations”, “Structures”, “Metallic 
Structures”  and “Diverse” it was also defined another activity (Key-dates), which gathers 
important actions inside a project, with the dates properly scheduled. Some of these activities 
suffered a subdivision in 5 physical areas, considering that the project holds 4 structural bodies 
and an access ramp. Being estimated the precedences and the durations of each activity, it was 
decided that the project would have a period of 7 months, starting on January 2nd 2007, to be 
finished on July 31st 2007.  
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The total selling price of the Construction Contract registered in the competition was 
2,340,063.81€, the cost of the budgeting phase was 2,125,867.95€ and the rebudgeting was 
2,110,672.41€. 
With the introduction of the costs from each activity in MSP, it was created a chart with monthly 
values. (Chart 1)  
 

Chart 1 – Financial Analysis of the Construction “Embasamento” 

 
 
By performing a thorough analysis, we can assume that, as it would be expected, the first part 
of the chart presents a slight inclination, regarding the periods of assembling the Shipyard and 
the Land flattening. Starting on February, it is detected a growth of the slope, as a result of the 
beginning of the construction structure, implicating higher costs in shorter time periods. 
Normally the inclination of the chart tends to diminish but, considering that the construction does 
not count with the finishing works, which need more time, the slope keeps constant until the end 
of the project.  
In what concerns the integration of quality, it was elaborated the quality planning and attached 
to the planning in MSP trough an hyperlink.  It was proceeded to the identification of the PMM 
and RMM of each activity, and documents were introduced to best describe the constructive 
procedures to follow.  
Briefly, the suggested model was validated with success, achieving the objectives intended.  
 
 

6. CONCLUSIONS 
 
Achievement evaluation of the objectives during the dissertation  
During the construction planning in “Microsoft Office Project” the following points were achieved:  

• Definition of activities which describe the operations to conduct and the WBS level, in 
particularly for the construction of the “Embasamento” having 101 activities with 3 WBS 
level. The durations and precedence’s related to each activity.  

• It was concluded that to reach the desired duration, it is necessary to re-evaluate the 
durations and precedence’s of the critical activities, in order to achieve the intended 
project duration. In the case of the “Embasamento” the intended duration of 7 months 
was achieved.  

• It is crucial a good interpretation of the bill of quantity in conjunction with some critical 
spirit and professional experience. The idea of using an Excel map to estimate the 
durations and the quantities has proved to be a very useful and worthwhile tool during 
the data validation from the construction of the “Embasamento”.  

 

Financial Analysis
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The CCS used in the cost estimate as shown to be a very complete tool, considering that it 
shows the composition of each cost, facilitating the cost estimate procedure. In this program it 
was conducted the budgeting and rebudgeting, whose values were then transferred to the 
structured excel map, allowing an advantage, which is the quick obtaining of costs for each 
activity. The introduction of these values on MSP enabled a monthly analysis of costs. 
Particularly at the construction “Embasamento”, it was verified the importance of rebudgeting, 
that allowed a cost reduction of 15,195.53 € worth. It was concluded that after the rebudgeting, 
the total selling price of the Construction Contract was 2,340,063.81€, the cost was 
2,110,672.41€, in which resulted a profit of 229,391.40 €. 
Making a global analysis, the quality planning, the description of the construction processes and 
the identification of the PMM and RMM were successively performed, being attached to the 
MSP planning, as suggested by the system.  
 
Contributions for Knowledge and Industry 
 Despite the model presented here, using tools already used by the company, for the 
management of the three main aspects of a civil construction work, the integration was not 
carried out. Consequently the information about the construction situation on its whole was 
practically inexistent, reinforcing this way the contribution of the integration of the three items 
under analysis. This way, MSP is seen as a tool that functions like a working environment, in 
which can be evaluated any of the three considered aspects and still obtain reports supported 
by charts which facilitate the comprehension of the project.  
Regarding the way the excel map is actually structured; it is shown that its use enables a faster 
analysis of the construction when it is still on course, and mainly when it faces something 
unexpected which leads to changes in the quantities, durations and cost of the activities.  
In what concerns the connections carried out between the documents regarding the quality and 
planning in MSP, it was concluded that represents a considerable advantage in terms of 
accessing the documentation, organization and minimization of time for solving the problems.  
 
Future Works  
Construction management is a very comprehensive area, by which it is not only enough to 
manage deadlines, costs and quality. Considering this it is suggested for future works: 

• A resource management system, in order to obtain lower labour costs and duration of 
similar projects.  

• A control model, to allow this integrated management system to continue.  
 
 
REFERENCES 
[1] Athanasios, P., Chassiakos, A.M.ASCE, Serafim P. Sakellaropoulos, (2005) “Time-Cost 
Optimization of Construction Projects with Generalized Activity Constraints”, ASCE – J. of 
Constr. Eng. and Manage.,  
[2] Bartusch, M., Möhring, R. H., and Radermacher, F. J. (1988). “Scheduling project networks 
with resource constraints and time windows.” Ann. Operat. Res., 16, 201–240.  
[3] Bode, J. (1998) “Decision support with neural networks in the management of research and 
development: Concepts and application to cost estimation”, Information & Management, 33-40; 
[4] Brucker, P., Drexl, A., Möhring, R., Neumann, K., and Pesch, E. (1999). “Resource-
constrained project scheduling: Notation, classification, models, and methods.” Eur. J. Oper. 
Res., 112, 3–41. 
[5] Chassiakos, A. P., Samaras, C. I., and Theodorakopoulos, D. D. (2000). “An integer 
programming method for CPM time-cost analysis.” Comput. Model. Eng. Sci., 1(4), 9–18.  
[6] Coskunoglu, O. (1984). “Optimal probabilistic compression of PERT networks.” J. Constr. 
Eng. Manage., 110(4), 437–446. 
[7] Curkovic, S., Pagell M., (1999), “A Critical Examination of the Ability of ISO 9000 Certification 
to Lead toa Competitive Advantage”, J. Quality Management, 4 (1), 51-67. 
[8] De, P., Dunne, E. J., Ghosh, J. B., and Wells, C. E. (1995). “The discrete time-cost trade-off 
problem revisited.” Eur. J. Oper. Res., 81, 225– 238. 



Integrated System of deadlines, costs and quality 

10 
 

[9] Dooley, K., Anderson J., Liu, X., (2000), “Process Quality Knowledge Bases”, J.Quality 
Management, 4 (2), 207-224. 
[10] Elmaghraby, S. E., Kamburowski, J. (1992). “The analysis of activity networks under 
generalized precedence relations.” Manage. Sci., 38, 1245–1263. 
[11] Feng, C. W., Liu, L., and Burns, S. A. (1997). “Using genetic algorithms to solve 
construction time-cost trade-off problems.” J. Comput. Civ. Eng., 11(3), 184–189. 
[12] Feng, C. W., Liu, L., and Burns, S. A. (2000). “Stochastic construction time-cost trade-off 
analysis.” J. Comput. Civ. Eng., 14(2), 117–126.  
[13] Fonseca, A. (2006). “Controlo de prazos na Construção – A metadologia Earned Value” – 
Trabalho Final de Curso, IST 
 [14] Gen, M., and Cheng, R. (2000) “Genetic algorithms & engineering optimization, Wiley-
Interscience”, New York.  
[15] Isidore, L. J., and Back, W. E. (2001). “Probabilistic optimal-cost scheduling.” J. Constr. 
Eng. Manage., 127 (6), 431–437. 
[16] ISO (2000). International Standard ISO 9000:2000. “Quality management systems – 
Fundamentals and vocabulary”. Geneva: ISO. 
[17] ISO (2000). International Standard ISO 9001:2000. “Quality management systems – 
Requirements. Geneva”: ISO.  
[18] ISO (2000). International Standard ISO 9004:2000. “Quality management systems – 
Guidelines for performance improvements”. Geneva: ISO. 
[19] ISO (2001). International Standard ISO 15161:2001. “Guidelines on the application of ISO 
9001:2000 for the food and drink industry”. Geneva: ISO. 
[20] Langbert, M. (2000), “Human resource management and Deming's continuous 
improvement concept” J. Quality Management, 5 (1), 85±101. 
[21] Laslo, Z. (2003). “Activity time-cost tradeoffs under time and cost chance constraints.” 
Comput. Ind. Eng., 44(3), 365–384 
[22] Leu, S. S., and Yang, C. H. (1999). “GA-based multicriteria optimal model for construction 
scheduling.” J. Constr. Eng. Manage., 125(6), 420–427. 
[23] Li, H., Cao, J. N., and Love, P. E. D. (1999). “Using machine learning and GA to solve time-
cost trade-off problems.” J. Constr. Eng. Manage., 125 (5), 347–353. 
[24] Liu, L., Burns, S. A., and Feng, C. W. (1995). “Construction time-cost trade-off analysis 
using LP/IP hybrid method.” J. Constr. Eng. Manage., 121(4), 446–454. 
[25] Marmel, E. (2007) “Microsoft Office Project 2007 – Bible”, Wiley Publishing,Inc. 
[26] Motawa, I.A., Anumba, C.J., Lee, S., Peña-Mora, F. (2007). “An integrated system for 
change management in construction” Automation in Construction, 16, 368-377. 
[27] Moussourakis, J., and Haksever, C. (2004). “Flexible model for time/cost tradeoff problem.” 
J. Constr. Eng. Manage., 130(3), 307–314. 
[28] O’Brien, W. J., and Fischer, M. A. (2000). “Importance of capacity constraints to 
construction cost and schedule.” J. Constr. Eng. Manage., 126 (5), 366–373. 
[29] Oliveira, P.J., (2006) “Gestão de custos e recursos na construção – A metadologia Earned 
Value” – Trabalho Final de Curso, IST 
[30] Panagiotakopoulos, D. (1977). “Cost-time model for large CPM Project networks.” J. 
Constr. Div., Am. Soc. Civ. Eng., 103(2), 201–211. 
[31] Perera, S. (1980). “Linear programming solution to network compression.” J. Constr. Div., 
Am. Soc. Civ. Eng., 106(3), 315–326. 
[32] Project Management Institute (PMI), (ed) (2004) “PMBook- Project Management Guide 
Body of Knowledge”. 
[33] Reed, R., Lemak, D.J., Mero, N.P., (2000), “Total quality management and sustainable 
competitive advantage” J. Quality Management, 5 (1), 5-26. 
[34] Robinson, D. R. (1975). “A dynamic programming solution to cost-time trade-off for CPM.” 
Manage. Sci., 22(2), 158–166. 
[35] Shtub, A., Bard, J., and Globerson, S. (1994). Project management: Engineering, 
technology and implementations, Prentice Hall International Eds., Prentice Hall, Englewood 
Cliffs, N.J., 382–392. 
[36] Silva, M. (2007) “Microsoft Office – Project 2007 – Depressa & Bem”, Lidel – Edições 
Técnicas, lda, Editora de Informática,Lda. 
[37] Zheng, D. X. M., Ng, S. T., and Kumaraswamy, M. M. (2004). “Applying a genetic 
algorithm-based multiobjective approach for time-cost optimization.” J. Constr. Eng. Manage., 
130 (2), 168–176. 
 


