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Abstract  
 
The objective of this study was to present some proposals for the building construction sector in Colombia that would 
mitigate the problems in this sector and reduce the possibility of building collapse in the country. The study carried 
out a literature review on the barriers and critical success factors (CSF) for the implementation of total quality 
management (TQM) in the construction sector in different geographical contexts. Based on the 12 barriers and 8 
identified success factors, the existence of these aspects was evaluated in the case of the collapse of the Space building 
located in Medellín, Colombia. As a result, the importance and consequences, both positive and negative, of the 
implementation of TQM in this sub-sector can be particularly evidenced. 
 
Keywords 
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1. Introduction  
Total quality management (TQM) is a management method to ensure customer satisfaction by implementing the 
concept of quality management in every area of organisations. In the construction sector, McIntyre & Kirschenman 
(2000) stated that contractors using TQM reported higher customer satisfaction, improved schedule performance, 
better relationships with architectural and engineering firms, and a reduction in rework. Jha and Iyer (2006) mention 
that the benefits can be cost reduction and improved job satisfaction of employees.  The repercussions and 
consequences of poor quality can be a loss of productivity, additional costs for rework and repairs, and loss of 
reputation, thus leading to a loss of market share and finally going out of business. 
 
In line with the above authors, Dilawo and Salimi (2019) pointed out that the poor performance found in the industry, 
such as wastage, rework and low levels of customer satisfaction, reveals the need for a practical method of self-
monitoring and the development of a quality culture. Another contribution made by these authors was showing that 
achieving stakeholder satisfaction and project completion within predefined time, cost and quality constraints is not 
an easy task (Al-Tmeemy et al., 2012).  
 
On the other hand, construction in Colombia has a high impact on economy and development, for example, the sub-
sector of building construction had a GDP growth of 7% in 2019 and the case of housing sales had a contribution of 
4%, being the fourth sector with the highest level of production of the 59 that make up the national productive 
apparatus representing 1 out of every 4 colombian pesos of investment in the economy (Public tender, IDU-LP-SGI-
029-2019). Despite its importance, the construction sector in Colombia has been marked by a low implementation of 
TQM, which is evidenced by deficiencies in the measurement of performance and productivity in the sector. This low 
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implementation has caused delays and cost overruns in construction (CAMACOL, Colombian Chamber of 
Construction. 2018), and the lack of control of the quality of materials.  
 
According to the ISO 9001 survey this sector ranks third in the country with the most certifications, after transport 
and storage, and education; particularly, in 2019 it presented 1096 certifications (ISO.org. 2019). However, an article 
published in 2018 by the magazine Portafolio states that less than 30% of the projects on site are performing quality 
control tests of the materials that are used, so they do not comply with the regulations contained in the Colombian 
Code of Seismic Resistant Constructions. (Flórez, 2018). In this sense, the construction sector proves to be 
contradictory with respect to the implementation of the quality concept.  
 
According to the Decree 1203 of 2017, the “curatorship” in Colombia was created in the 90’s in order to process 
building permits within 45 days by performing all studies relevant to the project, thus discharging the mayors of this 
responsibility and exerting more control of the space in the city. However, this fact has allowed projects to be approved 
without meeting all the conditions. Then, the onus is on the builder, because if the plan is correct but the work is not 
performed according to those guidelines, nothing is guaranteed. For instance, the Comptroller's Office of Medellín 
(Personería municipal de Floridablanca, May 15, 2017) analysed the licenses granted during 2012 and 2013 and found 
that close to 1000 licenses were approved without informing the Mayor's office.  Additionally, the planning report 
states that in many cases the designs presented were the result of recycling other studies carried out for other 
procedures (Semana, 2013). 
 
At the political level, it can be observed that there are multiple laws regulating the sector, but their compliance is 
seriously affected by a difficult business environment, such as economic instability, low technification, the presence 
of corruption and lack of monitoring. Considering the above scenario, this paper aims to analyse the case of the 
collapse of the Space building in El Poblado neighbourhood in Medellin, Colombia, from the perspective of quality 
management. Tower 6, as seen in figure 1, presented a structural failure detected in column S3, for which the building 
was evacuated on October 11, 2013, by decision of the DAGRD (Administrative Department of Disaster Risk 
Management) and construction engineers. Thus, the tower collapsed on the night of October 12, 2013, as evidenced 
in figure 2, which caused the forced relocation of 700 families, 4 injured and 12 dead, including 9 workers who were 
carrying out structural repairs and reinforcements. The ultimate objective is to provide proposals for the improvement 
of the building construction sector, to avoid the repetition of the bad practices implemented in the case studied. For 
this purpose, barriers and CFS were identified in the literature in different geographical contexts. 
 

 
 

Figure 1. Typical plan including axes nomenclature; critical columns are highlighted. (Yamin et al 2018). 
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                                         (a)                                                     (b) 

Figure 2. (a) Collapse of Space building on the night of 12 October 2013. Alcaldía de Medellín (2013). (b)  
Photograph of column failure on axis S3 at level 4 submitted on October 11, 2013 (FT-2) DAGRD 

 
2. Literature Review 
In the construction sector, successful projects with results that satisfy the client need to implement methodologies such 
as TQM, which seeks to ensure customer satisfaction. However, in practice, several barriers hinder the successful 
implementation of this type of methodologies in the construction sector, as in the case of the Space building and as 
reported in the specialised literature. From this perspective, this study analyses articles that address the barriers to the 
implementation of TQM in the construction sector in different geographical contexts. Then, a second subsection 
considers articles that highlight the key points to be executed or the CSF in the residential construction sector. 

 
2.1 Barriers to TQM implementation in the construction sector 
One of the main barriers found in the literature refers to the work force shortage in the sector. Authors such as Azim 
et al. (2010), Tabassi and Bakar (2009), and Al-Tmeemy et al. (2012) mention that non-conformities could be avoided 
by conducting proper inspections or by employing qualified work force.  However, in the projects studied in Malaysia 
by these authors, a large number of semi-qualified and low-skilled workers were hired, which created barriers to the 
implementation of quality management during construction.  
 
There is also bad behaviour on the part of site engineers, who avoid written records of defects or errors, which makes 
it difficult to find possible causes. In summary, according to Salem (2000), it is common to find inadequate training 
and management of the construction workforce in the project. In Nigeria, John et al. (2014) also observed poor 
management and lack of adequate measures to ensure and encourage self-improvement, especially with construction 
professionals.  
 
Likewise, Al-Tmeemy et al. (2012) mention the existence of a gap between the existing theory and the practical 
application of quality management. Salem (2000) exemplifies this issue in the case of a company in Jordan, where the 
percentage of employees who are unaware of the implementation of standards increases as they move away from 
senior management, although the lowest percentage (0%) is found in project management and the highest percentage 
(43%) is found among shopkeepers and purchasing staff. Similarly, Chan et al. (2019) identified that there are different 
barriers in Hong Kong, including top management commitment and cultural barriers or resistance to change. It is 
worth noting that slow adoption processes accompanied by low standards of impact measurement discourage 
implementation, which leads in turn to higher workloads.    
 
Hoonakker et al. (2010) found four aspects that can be classified as the main barriers to implementation of TQM in 
the United States. First, the nature of the construction process has changing characteristics in both demand and 
customer requirements. Second, the parties involved in the construction process, i.e., the owner (or client), the 
architect/designer/engineer, the contractor and the subcontractors, are ultimately interested in spending the least 
amount of resources, in order to increase profits and utility. Third, non-standardisation, mentioned by authors such as 
Karim et al. (2005) and Nesan and Holt (1999) (cited by Hoonakker et al., 2010) due to differentiation among projects. 
Finally, the tendering process was found in the study conducted by Hoxley (2000) and shows that service quality is 
higher when there is a careful pre-selection of contractors in the tendering process. 
The improvements evidenced by Hoxley (2000) can be contrasted with the findings by Lai et al. (2016) in the 
Taiwanese construction sector, where a systematic lack of construction audit and review was identified. This also 
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revealed an increased operational burden by inadequately implementing TQM. The absence of inspection required at 
each stage of construction was less addressed in the literature, as well as the tendency to award contracts to unqualified 
contractors. These practices lead to poor project specification, bribery, corruption and role usurpation between 
professionals and different project stakeholders (Oni et al., 2019). 
 
With respect to the barrier identified in the previous paragraph, Lai et al. (2016) recommend that the relevant 
authorities should assign a person or commission an appropriate institution in the role of construction supervisor, in 
addition to generating trained work force to implement the self-managed construction supervision of the organization 
and improve on-site sample testing. The author also reported that projects in Taiwan only meet contract requirements 
but fail to achieve customer satisfaction, as inadequate verification policies ensuring that design, materials and work 
force meet specified requirements are common. (Salem 2000) 
 
Dilawo and Salimi (2019) identified barriers to TQM implementation in the construction sector in South Africa and 
grouped them into three main categories: motivation, infrastructure and liking, and trends. Some of these barriers are 
lack of quality support, poor TQM knowledge and awareness, poor information sharing, temporary workers, over 
reliance on contract document, poor measurement of data collection, undefined TQM roles and responsibilities, 
awarding to the lowest bidder trend, poor business environment and corruption. 
 
Through surveys of professionals in construction companies in India, Jha and Iyer (2006) listed the following barriers. 
First, in the conflict between project participants, management must be responsible for creating a suitable environment 
to build a team. Second, hostile socio-economic and climatic conditions can affect productivity and quality. Third, 
lack of knowledge of quality makes it difficult to evaluate. In general terms, it was found, defective project 
conceptualization, lack of communication with clients and interest in saving time, on the part of the contractor causes 
bad technical practices and aggressive competition during bidding. This forces bidders, behaviors such as obtaining 
some benefit from the project by using inferior materials and poor technical practices were also found, which also 
leads to poor quality. 
 
2.2 Critical success factors for TQM implementation in the construction sector.  
The CSF ensures the successful implementation and monitoring of TQM. Dilawo and Salimi (2019) identified the 
following CSF in development country in South Africa construction companies: leadership and top management 
commitment, communication, customer focus and satisfaction, measurement, quality tools and techniques, continuous 
improvement, employee empowerment, supplier and subcontractor involvement, strategic quality planning and quality 
assurance (QA). 
 
Al-Tmeemy et al. (2012) recommend that a strategy needs to be implemented to track the costs of quality failures, 
measure quality performance and thus achieve continuous improvement in construction.  Measuring the cost of quality 
is needed to obtain management attention and increase quality awareness, thus it is essential to involve the entire 
project team in the process. Collaborative arrangements between these parties will improve the overall quality (Arditi 
and Murat, 1997). Similarly, the study conducted by Oni et. al (2019), revealed that the effect of quality management 
cannot be overlooked as it helps to reduce maintenance costs, ensure customer satisfaction, improve the construction 
of environmentally sustainable projects, and reduce excessive waste of human resources, among others.  
 
In the context of developing countries, the study by Salem (2000) summarises that the essential factors for achieving 
good quality are the "human element rather than machinery" and "good communication between people". The author 
also mentions the strengthening of communication channels as a factor that will increase productivity and decrease 
resistance to change. By planning an empirical model for TQM in the construction sector in South India, Gowthami 
et al. (2020) found on a survey to construction stakeholders that the most relevant critical factors from professional 
experience are: top management, customer satisfaction, continuous improvement, process, design, supplier, quality 
management, teamwork, training, and employee empowerment. After interpreting the survey results, it was shown 
that all the considered CSFs have a significant effect on the successful implementation of TQM in construction and 
are dependent on each other, meaning that there is a correlation between them.  
 
Jha and Iyer (2006) identified that the success factors for TQM implementation in the Indian construction sector are 
the competence of the project manager, top management support, monitoring and feedback from the project 
participants. From an empirical study in the USA, Hoonakker et al. (2010) and Jha and Iyer (2006), found that there 
is little implementation of four factors considered in the Malcolm Baldridge Award: strategic planning, process 
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management, measurement and analysis, and business results. Regarding the last factor, the authors argue that 
"through this research, it has become clear that a necessary first step is to define quality specifically, then quantify it" 
(Hoonakker et al. 2010). In summary, the authors found that there are problems in the production chain which are 
attributable to a lack of communication throughout the organisation from top management down to the lowest levels 
within the organisational structure. 
 
3. Methods 
A methodology for searching, collecting and compiling information was adopted, mainly from indexed bibliography 
available in SCOPUS. This information search was carried out considering the focus of the document on TQM, its 
implementation in different countries around the world, and the main barriers or CFS that have been crucial for the 
correct implementation of QM in the construction sector. The following keywords related to the central aspects of the 
study were used: "TQM", "Critical Success Factors" and "Construction". The methodology used consisted of selecting 
those articles that described in detail the barriers and CSFs that hinder the implementation of TQM in their respective 
countries of study. The barriers and factors found by the cited authors were then grouped according to their similarities.  
 
After generating the context to develop the analysis, a case was studied by means of a literature search and on the 
collapse of the Space building in Medellín in 2013. Then, a comparative process was carried out between the barriers 
and factors previously identified. It was verified whether the aspects mentioned were taken into account, and whether 
the barriers raised by the different authors persisted in a repetitive way.  Following the comparison between these key 
aspects in TQM and the subsequent definition of similar problems, some proposals were formulated for improvement 
in the construction sector, which in the future could mitigate the problems presented in this sector and reduce the 
possibility of similar situations to that of the Space building occurring in the country. 
 
4. Results and Discussion 
4.1. Barriers and CSFs identified 
Following the results of the literature review, it was found that the barriers prevent the TQM implementation in the 
construction sector, it was found that several of the authors wrote in agreement on multiple of the proposed barriers. 
This demonstrates that the main difficulties of this implementation have been frequently identified, even in 
considerably different geographical contexts. In this sense, Table 1 presents It should be clarified that a particular 
definition is proposed for each barrier, depending on the author, but they were grouped according to the common 
elements to simplify the understanding of the main problems found. Additionally, the numbering presented in this 
table will be used below to refer to each barrier. 
 

Table 1: Barriers to TQM implementation in the construction sector. 
 

Item Barriers Authors 

1 Skilled labour shortages and 
temporary workers 

Al-Tmeemy et al. (2012), John et. al (2014), Salem (2000), Oni et. 
al (2019), Dilawo and Salimi (2019)  

2 Lack of data measurement, limited 
documentation  

Al-Tmeemy et al. (2012), Chan et al. (2019), Dilawo and Salimi 
(2019)  

3 Lack of TQM knowledge and training  Al-Tmeemy et al. (2012), Salem (2000), Dilawo and Salimi 
(2019), Jha and Iyer (2006) 

4 Poor communication between the 
parties involved 

Salem (2000), Hoonakker et al. (2010), Jha and Iyer (2006) 

5 Lack of definition of responsibilities Salem (2000), Dilawo and Salimi (2019)  

6 Lack of senior management 
commitment 

Chan et al. (2019), Dilawo and Salimi (2019)  
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7 Lack of audit and verification policies  Salem (2000), Oni et al. (2019), Hoxley (2000), Lai et al. (2016) 

8 Awarding of contracts Oni et al. (2019), Hoonakker et al. (2010), Dilawo and Salimi 
(2019), Jha and Iyer (2006)  

9 Dependence on contracts Dilawo and Salimi (2019), Jha and Iyer (2006)  

10 Bribery or corruption Oni et al. (2019), Dilawo and Salimi (2019)  

11 Socio-political context, changing 
nature of the process and 

organisational culture 

Hoonakker et al. (2010), Chan et al. (2019), Dilawo and Salimi 
(2019), Jha and Iyer (2006) 

12 Non-standardisation Hoonakker et al. (2010), Karim et al. (2005)  

 
Similarly, a compilation of the main factors mentioned by the different authors was made by either considering the 
main factors of success or failure, or simply key factors that can make the difference between the realisation of a well-
structured project, which complies with all the requirements, and the worst scenario of a project that can lead to a 
catastrophe. These factors are presented in Table 2, showing the authors who agreed with each of them. 
 

Table 2: Critical Success factors TQM implementation in the construction sector. 
 

Item Success Factors Authors 

1 Strategic planning, leadership and 
commitment of top management 

Gowthami et al. (2020), Hoonakker et al. (2010), Dilawo and Salimi, 
(2019), Jha and Iyer (2006) 

2 Customer focus and satisfaction Gowthami et al. (2020), Oni et al. (2019), Dilawo and Salimi (2019) 

3 Teamwork, training, incentives and 
empowerment of employees 

Gowthami et al. (2020), Hoonakker et. al. (2010), Dilawo and Salimi 
(2019), Jha and Iyer (2006), Al-Tmeemy et al (2012) 

4 Analysis, inspections and 
continuous improvement 

Gowthami et al. (2020), Al-Tmeemy et al. (2012), Hoonakker et al. 
(2010), Dilawo and Salimi (2019), Jha and Iyer (2006) 

5 Well-defined process, quality tools 
and techniques 

Gowthami et al. (2020), Hoonakker et. al. (2010) Dilawo and Salimi 
(2019) 

6 Inclusion and communication 
between employees and managers 

Gowthami et al. (2020), Hoonakker et. al. (2010), Dilawo and Salimi 
(2019), Al-Tmeemy et al. (2012), Salem (2000) 

7 Supplier and subcontractor 
involvement  

Gowthami et al. (2020), Hoonakker et. al. (2010), Dilawo and Salimi 
(2019), Jha and Iyer (2006) 

8 Quality management  Gowthami et al. (2020), Hoonakker et al. (2010), Dilawo and Salimi 
(2019) 

 
4.2 The case of the collapse of the Space building 
The collapse of Tower 6 of the Space Building in Medellín raises doubts and questions about the quality and 
compliance with safety and seismic standards, and the implementation of the corresponding administrative procedures 
by Colombian builders. In this case, construction company CDO, which is owned by Álvaro Villegas, governor of the 
province of Antioquia, recognised his career path in Engineering and Construction. In particular, the designs of the 
engineer Jorge Aristizabal Ochoa were characterised by being quite slender, with large distances between columns 
through the reinforcement of the beams when they reach the supports, structurally thin walls, and a reduction in the 
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cross section of the columns. (Resolución 66, 2017). This structural design is rarely used; however, it still complies 
with the seismic-resistant standard. The above description of the case allows determining the presence of the barriers 
listed in Table 1. These barriers and their justification in the case according to the reports and documents of the case 
are exposed in Table 3. 

 
Table 3: Barriers identified that hinder the implementation of TQM in the Space building 

 

Barriers Justification 

Lack of commitment from top management Structural reinforcements were not carried out until October 
2013, although the construction company and the calculation 
engineer had been informed of the presence of cracks and 
deformations in the structure since February 2013. 
(Universidad de los Andes, 2014)  

Lack of audit and verification policies 

Poor communication between the parties involved 

Lack of audit and verification policies  Settlements in walls and columns, in addition to the evident 
buckling deformation of the mezzanine plates were greater than 
those permitted in the Colombian standard in force at the time 
of processing the license, that is, the Seismic Resistant Standard 
of 1998 (NSR-98). (Universidad de los Andes, 2014)  

Poor communication between the parties involved 

Lack of audit and verification policies  The contractors of the work failed in their professional ethics 
and used lower quality materials, which resulted in the loss of 
human lives. (Saldarriaga and Andrade, 2019) 

Lack of audit and verification policies  Possible overconfidence in the design engineer on the part of 
the project owners and the curatorship, as he had recently been 
awarded prizes for the most innovative and reliable 
engineering. (Universidad de los Andes, 2014)  

Lack of TQM knowledge and training  

Poor communication between the parties involved 

 
Lack of audit and verification policies   

Experts warn that, in general, imported materials that are not of 
good quality are being used in construction, particularly steel, 
which is what holds up the beams that support the structure of 
the entire building. (Restrepo 2015) 

Awarding of contracts The curators of the project ignored the relevant statistical and 
technical control measures, but they still gave the construction 
company their approval. This allowed approving projects 
without fulfilling all the conditions, given that the more projects 
they approve, the more money they receive. (Universidad de 
los Andes, 2014)  

Lack of TQM knowledge and training  

Lack of audit and verification policies 

Poor communication between the parties involved 

Lack of audit and verification policies  
 

 

Throughout the execution of the work there were more than 
6000 failures (LA FM. 2017), which led to the fact that at the 
time of the study by Universidad de los Andes the construction 
showed a 100% probability of failure. (Universidad de los 
Andes, 2014) Lack of TQM knowledge and training 

Lack of data measurement, limited documentation  For the specific case in all these areas, there were failures and 
errors. The study conducted by Universidad de los Andes 
(2014) revealed that there were missing plans in the 
deliverables, in addition to being outdated due to the changes 
that could be made by the buyers of the flats. 

Poor communication between the parties involved 

Non-standardisation 
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Lack of commitment from top management Some considerable failures were identified in the R-3 column 
in February 2013; however, this was overlooked, and the 
building was inhabited in April 2013. (Universidad de los 
Andes, 2014) 

Poor communication between the parties involved 

Lack of audit and verification policies 

 
Lack of audit and verification policies 

In the figures for 2013 by the DANE (National Administrative 
Department of Statistics), the prices for construction materials 
increased the most, especially the group of iron and steel. This 
fact is corroborated by the National Association of Colombian 
Businessmen (ANDI), where these products showed increases 
in imports of about 23% in 2013. (ACEIS, 2013) 

 
Socio-political context, changing nature of the 

process and organisational culture 

 
 
 

Lack of TQM knowledge and training 

According to the newspaper El Tiempo (2014), the exoneration 
official statement mentions that after reviewing the 
information, the companies Lérida CDO S.A., Visafa CDO 
S.A., Acuarela CDO S.A. and Calamar CDO S.A. were 
certified by Icontec, under ISO 9001:2000 standards. All of 
these standards were in force at the time of construction. 

 
Next, Table 4 lists some of the CFS (Table 2) that presented failures or incomplete processes to guarantee customer 
satisfaction and quality in each of the construction processes, from the planning to the realisation in the field. In this 
sense, the work progress in the case of the Space building is evidenced. 
 

Table 4: Factors identified that hinder the implementation of TQM in the Space building 
 

# Success Factor Justification 

 
 
 

1 

 
Strategic planning, 

leadership and 
commitment of top 

management 

The building was evacuated on 11 October 2013 by decision of the DAGRD 
(Administrative Department for Disaster Risk Management) and the engineers of the 
construction company, due to the presence of a structural failure detected in column S3. 
Prior notification was made by the resident and calculation engineers that cracks and 
settlements were occurring in walls and columns.  (Universidad de los Andes, 2014)  

 
2 

 
Customer focus 
and satisfaction 

The buyers of the apartments could choose which walls they wanted. This caused 
construction plans were always out of date, and structural calculations were never 
carried out again in order to identify the possible effects of these changes in the 
distribution of loads.  It should be noted that there were no qualified suppliers either, as 
the building did not comply with the relevant quality standards and regulations.  
(Universidad de los Andes, 2014)  

 
 
 

3 

Teamwork, 
training, incentives 
and empowerment 

of employees. 

Motivations for quality implementation are fully linked to external motivations, where 
compliance with requirements is prioritised, in this case, to win contracts and gain 
recognition. This is an example of how ISO 9001 certification can be obtained, but 
internal motivations for achieving optimal quality and the benefits of quality focus are 
lacking. One of these problems is the lack of incentives for people to do some kind of 
quality verification. This aspect is left behind, as there is a greater interest in completing 
the required activities. 

 
 

4 

Analysis, 
inspections and 

continuous 
improvement 

The resident structural engineer and the calculation engineer were notified that cracks 
and settlements were occurring in walls and columns. However, the person in charge of 
verifying compliance with design and technical standards is the curator of the project, 
who did not take the relevant statistical and technical control measures, but still gave 
their approval to the construction company. 
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5 

Well-defined 
process, quality 

tools and 
techniques 

As shown in other studies, one of the most common mistakes when carrying out a 
construction project is that in order to save time and money, the pouring and curing of 
the mix takes place in poor conditions, thus damaging the future and overall stability of 
the project. 

 
 
 
 

6 

 
Inclusion and 

communication 
between 

employees and 
managers 

The senior management in charge of the project had no adequate management of the 
whole situation. This is evident considering that, in February of the same year (2013), 
the resident engineers reported settlements in some columns of the third and fourth 
floors greater than those allowed in the standard. The report was ignored by the senior 
management, despite being an aspect that represented a potential risk. (Restrepo D. 
2015) 

 
7 

Supplier and 
subcontractor 
involvement 

Experts warned that, in general, imported materials being used in construction were not 
of good quality. This was particularly the case of steel, which is what holds up the beams 
that support the structure of the whole building. (Restrepo D. 2015) 

 
 

8 

 
Quality 

management  

The motivations for the implementation of quality are fully linked to external 
motivations, where priority is given to compliance with requirements, in this case, to 
win contracts and gain recognition. This makes evident that obtaining an ISO 9001 
certification does not ensure that TQM practices are actually being implemented on site. 

 
4.3 Proposal for the Colombian construction sector 
Taking into account the context, problems, irregularities and barriers in the implementation of TQM in the case of the 
collapse of the Space building, together with the results of Table 3 and Table 4, we made an analysis of the usefulness 
of the implementation of TQM in the case that was studied to create proposals. The ultimate objective of these 
improvement proposals in the building sector in Colombia, thus, the use of quality management: tools and techniques 
such as the implementation of the CSFs, it is suggested: 
 
● Establish effective communication channels: Proposed to establish effective communication between all the 

actors of the project, in order to give quick and effective responses to the problems, as in the case Space, these 
failures resulted in high costs, customer dissatisfaction and non-fulfilment of the objectives. As the engineers 
were aware of irregularities and technical failures, which were also expressed by the inhabitants of the building. 
These costs are higher than those of implementing TQM practices in the first place, also known as costs of non-
quality. From the seventh factor, it is proposed to know thoroughly the suppliers and their products, to generate 
more than a formal business relationship, where suppliers guarantee the delivery of certified and quality 
materials. 

● Involve professionals with the concept of TQM: Similarly, it is necessary to involve professionals with CFSs, 
since thanks to continuous training they could improve their competitiveness and experience in this field of civil 
engineering and related careers. As a result, they could carry out and implement TQM and its indicators in an 
adequate manner, to the results obtained by the different statistical methods that are used for such 
implementation. The correct implementation of TQM would also avoid decisions that may result in temporary 
and superficial solutions, especially considering that this is a sector in which the life and well-being of its 
inhabitants is compromised.  

● Staff incentives: Considering the third factor of Table 4 regarding staff incentives, it is proposed to implement 
a strategy that recognises or encourages workers who show an active attitude towards quality management and 
the correction of errors in a timely manner, thus generating a close relationship for learning and TQM 
experiences, which can be of great help in the future. 

● Curators incentives: adequate quality management process could be particularly useful with respect to the 
curators of the works. As mentioned in the document, multiple situations have been identified in which curators 
give their endorsement, without taking into account any type of statistical or technical control measure. At this 
point, with respect to corruption in this sector, the best way to fight this problem is from within the organisations, 
eliminating it in each of its instances, as well as strengthening the legal mechanisms against corruption.  

● Regulatory policies: Regarding corruption in the construction sector, it is also recommended to formulate 
regulations that demand continuous training and certifiable experience in similar projects, to comply with quality 
and technical regulations.  
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● Use of new technologies and tools: In relation to factors 4 and 5 on continuous improvement and quality tools, 
it is proposed to use new technologies, such as the Building Information Modeling (BIM) methodology and Lean 
Construction, so that design projects, together with engineering projects, achieve the expected efficiency and 
fulfil their operational functions, without putting people's lives at risk. Likewise, the collapse situation presented 
in the Space building could have been mitigated if the Plan, Do, Check, Act (PHVA) cycle and cause/effect 
diagrams had been implemented from the first moment in which problems were identified, presented are analysed 
with, and corrections can be formulated at the appropriate times. 

 
5. Conclusions  
In general, in construction companies, the implementation of quality management and control aims to improve 
processes and results, in order to make them more competent and achieve a good economic performance and a high 
satisfaction of the actors involved, such as clients, suppliers and investors. For this reason, in addition to the ISO 9001 
certification, as evidenced by the methodology and results of the case in the Space building, it is essential that 
companies in the construction sector in Colombia are committed to the acquisition of knowledge, training and 
implementation of the CSF, which must be implemented throughout the entire construction process, from design and 
procurement of inputs and materials to the execution of the project.  
 
It is worth noting that most of the problems originated in top management: poor or deficient communication within 
the organisation, lack of control bodies to verify the quality of materials and finally the quality of the construction 
process. One of the possible solutions to all these events, as observed in the proposals of this paper, is the 
implementation of quality control and management methodologies. The lack of qualified labour requires continuous 
supervision. On the other hand, control by external agents is also needed, mainly from the curators who have the 
obligation to review all the plans, specifications, and calculations of the structure. It should be demonstrated that at 
least the approach of the work is complying with the current seismic resistant standard, to avoid catastrophes such as 
the one in the Space building. 
 
The lack of general and case studies and research on the construction industry from the TQM perspective in Colombia 
was identified. Despite this, the usefulness of this type of study for society in general was also recognised.  By making 
this type of situation visible, the learning generated can be shared with the interested public in the form of a final 
report showing the lessons learned from the work, together with the development of the solution that successfully 
overcame the situation presented. This is recommended for all projects, not only those that did not meet quality and 
service standards, but also those in which the difficulties were minor and had no major complications in their 
execution. 
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