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ABSTRACT AND KEYWORDS  
 
This paper presents the development of a software application for the management of client’s 
complaints in the service assistance after the sale and of the non conformities during the 
construction. 
At first, a model was developed in the UML (Unified Modelling Language), based on case 
studied, and then a software application was built in the Microsoft Access 2007 and validated 
with success at EDIFER CONSTRUÇÕES.  
This model can also be used as a platform for technological companies that want to develop 
software in this area. 
 
Keywords: quality, management, client’s complaints, non conformities, corrective and 
preventive actions. 
__________________________________________________________________________ 

 

 

1. INTRODUCTION  

 
Quality management system (QMS) performance = customer satisfaction 

 
Many QMS operators are of the opinion that the lack of credibility of some QMS 
certifications is mainly due to poor links between implemented QMS and product and service 
quality. 
Despite current trends that are often oriented too much towards the systemic concepts of a 
QMS, the gap can be closed by emphasizing the production processes that are fundamental to 
product and service quality. In this way, the degree of customer satisfaction would really 
become a measure of QMS performance (Ennio Nicoloso 2007). 
 
Quality is no longer required as a separate system for most companies and operations. The 
tools for management are provided as part of the main software infrastructure and define the 
procedures as part of their own structure. This means that flexibility in the structure of 
software is required to enable the customer to redesign the functionality according to the 
changing operations of the company.   
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2. RESEARCH METHODOLOGY 

 
 
In diagram 1, you can see the scheme used in the 
research. This research started off with a presentation at 
EDIFER, with integrated management systems and 
about information systems in the assisting of 
management. 
After this, a meeting was held in which the prior 
necessities were defined to the company, related to this 
topic 
After having some meetings, in which the aims were 
adjusted, according to the EDIFER needs, the aims and 
dates were established, and also the expected results for 
each stage of the research. 
The case studies served as a platform for the 
requirements of the model to be developed. During the 
requirements definitions phase and even in the model 
development phase, weekly meetings were held in the 
presence of the after sale assistance coordinator, of the 
quality, safety and environment director and of the 
construction manager. The aim of these meetings was 
to analyse the model and adjust the requirements, so 
that each new software prototype could be constantly 
improved and at the same time match the expectations 
of the interested stakeholders. 
The thesis ends off with the checking and validation of 
the developed model. 
 
 
3. BACKGROUND THEORY 
 

3.1 QUALITY MANAGMENT SYSTEMS 
 
Since the introduction of the ISO 9000 standards in 1987, more than 776 000 organizations in 
161 countries have implemented the quality system embodied in the standards (ISO Survey 
2005).   
The ISO 9000 series standards has provided conceptual guidelines to structure and implement 
the elements of quality systems with.  
Construction companies have been certified for ISO 9000 to meet needs for efficient quality 
system that can comply whit customers´ requirements.  
A lot of companies have adopted ISO 9000 not only to improve the quality of their products 
but also to enhance their images in the construction industry. 
However, ISO 9000 Quality System has not been quite as effective as expected when it as 
introduced in the construction industry.  
The implementation of ISO 9000 standards has been difficult due to various barriers, such as 
perceived incompatibility whit construction industry; misunderstanding of the ISO 9000 
concepts and methods of implementation; lack of a standard business process; heavy loads of 
paperwork for management and extra documentations; possibility of over bureaucratic; 

Fig. 1 – Research methodology 
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unnecessary checking and documenting procedures; communication requirements among 
project participants.(Sangyoon Chin, Kyungray Kim and Yea-Sang Kim 2003). 
In particular, more paperwork and more time spent on quality management were seen to be 
one of major negative outcomes/drawbacks of ISO 9000-certified quality systems (S.M 
Dissanayaka, M.M Kummaraswamy, K. Karim and M. Marosszeky 2001). 
 
 

3.2 COMPUTER-BASED QUALITY MANAGEMENT INFORMATION 

SYSTEMS 
 
Quality management software was once based around the need to document what an 
organization did so that nonconformities could be detected during the audit process.  
The company tMSc (the Management Systems company) carried out the first full review of 
software to support ISO 9000 in 1991 and found only around 15 software packages.  
Many out of the companies that produced them have either changed to become suppliers of 
mainstream management packages , or have become part of large organizations, so today, the 
number of suppliers of software products specifically designed to address ISO 9000 issues is 
somewhere in the region of 70-80 (Burr Adrian 2004). 
Despite various problems encountered in the implementation of ISO 9000, only a few 
research and developments have been reported for quality management systems in the 
construction domain.  
The U.S. Corps of Engineers have utilized CAD and multimedia technology for quality 
assurance (D. Chu, A.L. Stumptf, L. Y. Liu and S. Chin 1995).  
The U.S. Federal Highway Administration (2002) developed a quality assurance software 
package for highway construction projects. BuildEurope (2002) and MH (2002) are 
commercialized systems that support quality inspection in the web-based collaboration 
environment.   
More overall aspects on ISO 9000 were covered by Battika´s research (2002), where a set of 
quality information based on ISO 9001 standard has been identified and classified in various 
aspects such as disciplines, safety, process stage, roles and impacting factors on activities for 
potential computerized support. 
Project Point, Citadon CWTM and ProjectTalkTM (2002) are among the web-based 
collaboration systems that can give opportunities to improve communications between 
various project participants. Although they support information management focusing on the 
document sharing and exchange over the Internet, the process based quality system 
information management has not been included yet.  
There has been still lack of research on how the quality system process based on ISO 
9000:2000 can be supported more effectively in the computerized and collaborative 
environment to improve the productivity of quality management in the construction industry 
(Sangyoon Chin, Kyungray Kim and Yea-Sang Kim 2003). 
 
 
4. CASE STUDIES 
 
The case studies in this section are related to four constructions sites. 
Table 1 presents the main features of these cases. 
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Table 1 – Case studies 

 CASE STUDIES 

 Case A Case B Case C Case D 

Date of visit 18/04/07 24/04/07 27/04/07 26/04/07 

Construction work Alfrapark, Lote C Edifícios Horizon 
Convento dos 
Inglesinhos 

Jardins de São 
Lourenço 

Location Alfragide Oeiras Lisboa Centro de Lisboa 

Type of construction 

project 
Offices Housing Housing Housing 

Type of client Private Private Private Private 

Current situation Finishing Finishing Finishing Finishing 

Contacted persons 
Construction manager and 

quality technician 
Construction 

manager 
Construction 

manager 
Assistant 
manager 

Total surrounding 
areas (m2) 

2 790 3 000 4 000 13 000 

Total construction 

areas 
14 300 1 500 11 500 - 

Number of buildings 1 - - 8 

Number of elevated 

floors 
4 4 3 or 4 8 or 9 

Number of 
underground floors 

3 1 3 3 

 
4.1 RESEARCH DATA: 
 
This study was based principally in semi structured interviews whit construction site 
personnel. A total of five interviews were carried out. The data collected from these 
interviews is presented in table 2, 3, 4 and 5. 
 
4.1.1 EXISTANCE OF QUALITY PLAN, AN ENVIRONMENT PLAN AND A SAFETY AND HEALTH 

PLAN 
 

Table 2 – Quality plan, environment plan and safety and health plan. 
  Quality plan Environment plan Safety and health plan 

Case studies Y N Y N Y N 

A X   X X  

B X   X X  

C X   X X  

D  X  X X  

 

Y (Yes)     N (NO) 

 
4.1.2 EXISTENCE OF DOCUMENTED PROCEDURES 
 

Table 3 –Documented procedures 
 Case A Case B Case C Case D 

Documented procedures Y N Y N Y N Y N 

Corrective actions X  X  X   X 

Preventive actions X  X  X   X 
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4.1.3 NON CONFORMITIES SURVEY 

 
Table 4 – non conformities 

 Quantity 

Types of Non Conformities Case A Case B Case C Case D 

Construction faults 19 2 10 - 

Outdated and non existing documentation/ Non existing inspection registers 13 1 4 - 

Supplier didn’t fulfil the aims 0 0 1 - 

Subcontractor didn’t fulfil the project. 0 0 1 - 

Total 32 3 16 - 

 
 
4.1.4 TREATMENT PROCESS AND NON CONFORMITIES RESOLUTIONS 

  
Table 5 – treatment process and non conformities resolutions  

 
Case 

A 

Case 

B 

Case 

C 

Case 

D 

 Y N Y N Y N Y N 

When a non conformity is found, is the register done? X  X  X   - 

Is the probable cause analysis determined of the non conformity? X  X  X   - 

After the corrective action and preventative conclusions, we verify if the action is 
totally implemented and if the result is effective? 

X  X  X   - 

Are the evaluation results of the corrective and preventative actions registered? X  X  X   - 

 

 
All four constructions visited had a safety plan; three had a quality plan, although none of 
constructions had an environment plan. The case studies that had a quality plan also had 
documented procedures regarding corrective and preventative measures. Regarding to the 
resolution of the non conformities, immediately after the conclusion of the corrective and/or 
preventative measures, a register is done and the analysis of the probable causes of the non 
conformities is determined. 
None of the constructions sites had complaints neither from clients nor from any other entity. 
Fifty-one non conformities were analysed. The majority (59%) of the non conformities are a 
result of a building process (poor concrete application, bad concrete vibrations, unsatisfactory 
concrete moulding, poor fixing elements, etc), which are done mainly by subcontractors. 
Following, 35% of the non conformities, we have outdated or inexistent documentation, and 
the absence of inspection and test registers that prove the conformity according to the NP 
206-1 standard. 
 
 
5. FINDINGS AND DISCUSSION  

 

Management of non conformities, corrective and preventive actions: 
 
The information which refers to the non conformities found at the construction works at the 
execution phase, although existing (non conformities files, corrective and preventative 
actions), does not cover all the non suitable situations. Besides all this, the combination of all 
the information was based on a manual process (which was long and difficult). 
On the other hand, based on the analysis of the non conformities files, we could verify the 
following: (1) The register process is handwritten, making the reading and understanding of 
the files even more difficult by other parties. (2) Only construction site director and the 
quality technician have access to the non conformity files. When problems happen, these 
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should be dealt with immediately. These non conformity files sometimes are not open, due to 
various reasons and according to the construction teams, are related to: shortage of time, lack 
of habit, non existence of appropriate means or a misunderstanding of the importance and the 
usefulness of the non conformity files. Some of the non conformity files are out-of-date and 
have blank fields. 
 
Managing complaints during the warranty period: 

 
Regarding the management of the process related to complaints during the warranty period 
(After Sale Assistance), the existing information is useful, but there is a need to improve its 
up-to-dating. The way the information is dealt with, is well classified, but there is a need to 
improve the method of filing and also the consolidation process. 
Finally, we noticed that the sharing of and access to data, were unsatisfactory and used very 
little for improvement. 
 

 
6. PROPOSED MODEL 

 
The proposed model consists of two information support systems for the management (Fig.2). 
During the construction accomplishment phase, the centralized information system consists 
on a database, which has the non conformities detected at the building site. At the warranty 
phase (after sales assistance service), the centralized system, has all the client complaints, 
construction works, client’s data, construction teams (contract managers, construction 
managers and department heads), subcontractors and suppliers, non conformities, corrective 
and preventative actions and good practice cases. 
Through these two centralized information systems, the connection between the warranty 
period and the phase of accomplishment becomes stronger. When main problems are noticed 
in the after sale assistance, measures are undertaken in the accomplishment phase to minimize 
problems during the warranty period. On the other hand, having the information consolidated 
immediately, makes it easier to attribute responsibilities and solve complaints, and to assure 
client satisfaction.  
 

 
Fig. 2 – Architecture of model 

The complaint management system in the after sale assistance and the non conformity 
management system developed, makes it an excellent helpful tool in the decision making by 
the top managing of the quality management.  
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6.1 DIAGRAM OF CLASSES 

 
The diagram of classes consists of the building data model, which reflects a perception of the 
data users, being also independent of any physical implementation: the most common 
approach is: E.R. (Entity Relational diagrams). Fig.3 outlines the diagram of classes of the 
building data model.  
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Fig. 3 – Class diagram (done by Power Design software) 

 
 

6.2 RELATIONAL MODEL 
 
The relational model, introduced in 1970, still is a preferential support nowadays, nearly 
unique, of which applications appeal to store information. The success of this model is due to 
its simplicity and easy application (Ramos, 2006).  
We considered that a database consists on information stored in a structural manner. In the 
relational model, the information is structured in relations, also known as tables (Fig. 4). 
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Fig. 4 – Relation model (done by Power Design software) 
 

The relational model built can be used with some applications, depending on the industry, as a 
support for the development of the database in any language programming. 
 
 
7. TEST AND VALIDATION (APPLICATION) 

 
The software developed is dynamic, in other words, it can be improved at any stage, being 
adaptable to the necessities of the company. More questionnaires may be elaborated to 
manipulate the data stored in the tables and new ones may also be created. The final version is 
improved constantly; when new requirements arise and when new needs are felt by the 
organization. 
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Tests were done on the functions and the potentialities of the programmes, including the user 
interfaces, based on the flux of data, according to reality usage situations. Also tests were 
done on the programming techniques, to verify that the software worked on a robust and 
reliable manner. 
The software was tested with the cooperation of the after-sales assistance and with the quality, 
safety and environment managers. 
These tests were done by following a sequence in accordance to the daily reality of the after-
sales assistance service. We started off by inserting a client (the owner of the construction), a 
contract director, a construction work director, a foreman and a subcontractor of the 
construction. 
Afterwards we inserted a construction work, introducing the data referred to previously. Ten 
complaints were also included. To finish off, we printed the complaints map report and filled 
in a form corresponding to each corrective action implemented in the construction work. 
As the data was confidential to the enterprise, the test was done with a client, a construction 
director, a subcontractor and a construction work (all these were fictitious) and its ten realistic 
complaints.  
Fig. 5 shows a non conformity detected by the model during construction phase. 
 

 
 

Fig. 5 – Non conformities, corrective and preventive actions form 



 

 10 

 

8. CONCLUSIONS 

 
The database management system developed allows us to look up the complaints edition and 
the non conformities immediately and also enables the sharing of the data by the whole 
organization. 
In a complaint edition, it is possible for us to look into the construction team and the 
subcontractors for each construction work. This makes it easier to discover responsibilities 
and at the same time, solve complaints as soon as possible.  
The association of complaints regarding construction activities allows this organization to act 
in the critical activities, enabling it to discover which activities have more complaints and 
higher resolution costs and thus acting in conformity, taking the necessary corrective and 
preventative actions and the right good practice measures. 
The non conformity database noticed during the construction enables a reinforcement in the 
connection between the construction and the warranty phase. So when we consult a 
construction work, we have all the information referring to the non conformities noticed 
during the construction available and also all the non conformities noticed during the 
warranty phase (complaints). 
This helpful management model regarding complaints and the management of the non 
conformities, serves as a basis for the establishment of new aims to be accomplished by the 
top organization.  
Following the PDCA (Plan-Do-Check-Act)  Deming’s cycle, the end of a cycle makes way 
for a new one, in which non conformities (including client’s complaints) shouldn’t happen 
again or are minimized, allowing a continuous improvement, a better image of the 
organization, an increase in the client satisfaction and reduction in the after-sales assistance 
costs, thus obtaining higher industrial levels. 
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