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    Abstract: Despite increased competition, construction firms are generally known to be lagging in the adoption of marketing strategies. The performance of indigenous construction firms (ICFs) in Nigeria has been severally criticised without commensurate research efforts to address the problem. This study focused on the influence of marketing strategies on the performance levels of ICFs in South-South Nigeria. Study questionnaires were purposively issued to CEOs and managers of ICFs (n = 87) in the research area. Maintaining a pool of professionals to boost company image ([image: art] = 3.79) ranks highest among the identified marketing strategies. The Kruskal-Wallis H test of difference in the opinions of the different firm groups showed that a significant difference exists in the frequency of use of the marketing strategies by the different firm groups. A significant difference (p = 0.013) exists in the frequency of use of the marketing strategies by average performers (mean rank = 57.84) and high performers (mean rank = 78.03). The groups of marketing strategies that influence ICF level of performance are third-party-based, client-based, firm-based, and publicity-based strategies. Average-performer ICFs should make more frequent use of marketing strategies, and the use of project performance-based marketing strategies by ICFs should be increased.
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    INTRODUCTION


    Construction management research has yet to empirically demonstrate the contribution of marketing to indigenous construction firm (ICF) performance. However, interest in marketing relative to construction firms continues to grow among researchers. To date, agreement exists in the literature that construction firms are lagging in the adoption of marketing strategies and view marketing with less seriousness than similar firms in manufacturing and product-based industries (Pheng, 1990; Naranjo, Pellicer and Yepes, 2011). Additionally, the marketing of construction services differs significantly from the marketing of other types of services. Very often, the clients of a construction firm are dispersed in terms of location, and the differences between times of patronage are long (Cova and Hoskins, 1997). Marketing is thought to be critical to firm performance; however, studies focusing on the predictors of construction firm performance are relatively recent and in need of further inputs (Phua, 2005; El-Mashaleh, Minchin and O’Brien, 2007; Horta, Camanho and Costa, 2010; Oyewobi, 2013). This study will aid in the uptake and spread of marketing strategies among ICFs in Nigeria by identifying the significant marketing strategy determinants of ICF performance.


    The literature has suggested several domains in which construction firm performance may be measured (Mbugua, Harris, Holt, and Olomolaiye, 1999; Elshakour et al., 2014; Deng and Smyth, 2014); however, attempts to establish the contribution of marketing activities to any of the domains are rare. Marketing is an expensive activity, and the capacities of ICFs in Nigeria dictate that financial expenditures should be carefully prioritised. Identifying marketing strategies that are significant contributors to ICF performance levels will thus aid in ICF selection of these strategies.


    In the general management literature, a number of studies have associated the marketing activities of firms with their performance in other industries (Rust, Lemon and Zeithaml, 2004; Morgan, Vorhies and Mason, 2009; Jaakkola et al., 2010). The firms covered by these studies include product- and service-based firms of all sizes. ICFs in Nigeria that are associated with poor firm performance have not been similarly addressed. The need for industry specificity in management research was espoused by Jaakkola et al. (2010) and Oladinrin et al. (2012). It has also been suggested that the service and project orientations of the construction industry do not support the adoption of all the marketing strategies applicable to product-based industries (Teoh, Low and Raphael, 2008; Ojo, 2011).


    In addition to not being construction-industry based, most studies relating marketing activities with firm performance has largely concentrated on developed countries. This focus prevents a holistic view of the different facets of this relationship by omitting the influences of different economic environments on firm marketing outcomes. Varadarajan and Jayachandran (1999) argued that firm marketing strategies are adopted by firms based on the operating environment and regarded marketing strategies as determinants of firm performance. There is a need to balance construction marketing studies with views from developing countries, especially as this relates to construction firm performance (Phua, 2005). Anderson-Macdonald (2015) opined that micro- and small businesses in emerging markets differ from businesses in developed countries. This is particularly true for ICFs in Nigeria. One reason for this difference is that weak institutions in developing countries allow some unconventional tendering practices in public-sector project procurement, which may make the idea of formal marketing unattractive to ICFs. Second, the construction industry in developing countries is numerically dominated by small- and medium-sized enterprises (SMEs). These enterprises are known to have lesser managerial and strategic capabilities than the numerically fewer large firms that handle projects with higher monetary values. It is not yet generally accepted that marketing strategies significantly improve firm performance for construction SMEs in developing countries, although this genre of firms are known to perform poorly.


    The argument of this paper aligns with Perreault and McCarthy (2005) in that firm-level resource improvements will not lead to higher firm performance if not backed by effective marketing. Marketing brings the firm together with its clients and thus influences buyer decisions. The objective of this study is to determine the influence of marketing strategies on the performance levels of ICFs in South-South Nigeria.


    Indigenous Construction Firms in Nigeria


    The Nigeria Enterprise Promotion Decree of February 1972, which was amended in 1977, defines an Indigenous contractor as a firm that has no other base than Nigeria (Mohamed, 1985). The Nigerian Oil and Gas Industry Content Development Act of 2010 defines an ICF from the perspective of firm ownership as a firm registered under the Companies and Allied Matters Act and having no less than 51% Nigerian shareholding (Ogunbanjo, 2010). What constitutes an ICF in Nigeria can thus be understood from different perspectives, such as being based solely in Nigeria, ownership by Nigerians, and utilisation of Nigerian manpower.


    Inuwa, Wanyona and Diang’a (2014) summarised that the poor performance of ICFs in Nigeria emanates from incompetence, inexperience, poor planning and the adoption of ineffective traditional management approaches. Consequently, these firms have not been trusted by the government (Ugochukwu and Onyekwena, 2014). They have been relegated to handling mainly building projects (Odediran et al. 2012), especially at informal levels (Saka and Ajayi, 2010). In Nigeria, ICFs are known to have been involved in financial misdemeanours, such as the abuse of mobilisation fees (Achuenu, Izam and Bustani, 2000) and the embezzlement of project funds (Ugochukwu and Onyekwena, 2014), and are therefore ignored by the government in the awarding of complex and capital-intensive projects. The deployment of effective marketing strategies will thus be helpful in improving the image of ICFs in Nigeria. For example, positive media coverage could improve client perceptions of ICF competence and ultimately improve the firm performances.


    Marketing and Indigenous Construction Firms


    Marketing is a dynamic subject. This dynamism has been reflected in the progressive definition of the concept by the American Marketing Association to reflect paradigm shifts. The American Marketing Association (2013) defined marketing as “the activity, set of institutions, and processes for creating, communicating, delivering, and exchanging offerings that have value for customers, clients, partners, and society at large”. The theory of marketing has evolved beyond the dominance of the product, price, place and promotion (4Ps) of the marketing model introduced in the 1960s (Gronroos, 1994; Vargo and Lusch, 2004). The earliest thoughts on marketing centred primarily on the exchange of commodities through marketing institutions. Later, the marketing management school of thought grew, laying more emphasis on the customer and on decision-making approach to marketing based on the 4Ps. Vargo and Lusch (2004) explained that new frames of marketing different from the 4Ps began to emerge in the 1980s under pressure from subject areas such as relationship marketing, quality management and service marketing. This development occasioned a shift from the 4Ps model of marketing. Still, construction marketing remained inadequately conceptualised.


    The construction industry touches on both service and product marketing (Kurien, 2004; Arditi, Polat and Makinde, 2008). Construction services often lead to the production of a unique product whose characteristics differ significantly from those of other types of products. Construction processes are project rather than production oriented and temporary rather than continuous. With these ideas in mind, the approach to marketing in construction firms is not settled as transactional or relational. Researchers such as Arditi, Polat and Makinde (2008) have therefore suggested the evolution of unique marketing principles for the construction industry. A key requirement will be an empirical demonstration of the relevance of these marketing strategies to construction firm performance. This demonstration calls for a marketing model that is easily actionable and uses terms that relate more readily to the construction industry. Marketing therefore remains a contentious, misunderstood, and inadequately addressed topic, especially among ICFs in developing countries (Dikmen, Birgonul and Ozcenk, 2005; Ojo, 2011; Yan and Chew, 2011; Tarawneh, 2013). ICFs normally compete for available jobs in their operating environments. Because of the indigenisation policy in Nigeria, some categories of projects are reserved for ICFs, and preference is given to them during bidding. Consequently, ICFs compete among themselves more than they compete with multinational construction firms. Inadvertently, this state of affairs has separated the ICFs into different levels of performance. From a rational viewpoint, these firms will adopt any measures that hold the promise of improved firm performance, including marketing. It has hardly been shown whether marketing strategies that are applicable in other industries are actually used by ICFs and whether the use of such strategies influences the performance levels.


    Effects of Marketing on Construction Firm Performance


    Clark (2004) observed that there is difficulty in establishing cause-and-effect relationships between marketing and firm performance. However, a number of research efforts have been made to link marketing to firm performance. Rust et al. (2004) developed financial metrics models for predicting the return on marketing investment based on marketing strategies chosen by product-based firms. Jaakkola et al. (2010) modelled the effects of marketing strategies on three measures of firm performance: competitive advantage, marketing performance and financial performance. They found that market orientation has a low impact on financial performance. It is debatable whether the metrics for performance and marketing strategies adopted by manufacturing and product-based firms are appropriate in the ICF context. For example, ICFs in Nigeria are inept managerially, making it difficult to keep track of the accounting metrics on which studies on firms from other industries often rely. It is useful to obtain appropriate marketing and performance metrics for ICFs and investigate the relationship between the two variables in a developing economy.


    In a study focused on construction professionals, Ojo (2011) found the most frequently used marketing strategy to be the professional-client relationship and the least used to be promotion. This study differs from Ojo (2011) in being focused on construction firms rather than construction professionals. By examining the firm and not only the professional, the present study seeks to identify how marketing decisions impact the aggregate economic unit. Firm-level studies of marketing contribute in forming and reinforcing marketing capabilities within organisations, which is critical to ICF performance. Adewale, Adesola and Oyewale (2013) studied the influence of six marketing strategies on the business performance of SMEs and found that in addition to product, the other marketing strategy variables, namely promotion, place, price, packaging and after-sales services, have significant effects on firm performance. The present study furthers existing knowledge in this area by not focusing on the 4P marketing strategies but rather being construction industry-specific and based on a developing economy.


    Conceptual Model of the Study


    This study seeks to investigate whether the performance level of ICFs is related to their adoption of marketing strategies.
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      Note: The dotted portions are the areas of interest to this study.


      Figure 1. Conceptual Model of the Study

    


    The conceptual model of this study is shown in Figure 1. Numerous factors affect firm performance. However, marketing is the last link in the chain of factors determining patronage and, therefore, firm performance. Among the factors affecting firm performance are firm resources (Wright, Dunford and Snell, 2001), previous project performance (Cooke-Davies, 2002), business environment (Phua, 2005), supply chain management (Li et al., 2006), corporate social responsibility (Mackey, Mackey and Barney, 2007), and marketing (Hassan et al., 2013). Phua (2005), however, categorised these factors as firm-specific and industry-specific factors.


    This study focuses on marketing strategies because most of the other factors that influence firm performance can equally be used as strategies for marketing the firm. It is noteworthy that most of the factors identified above were obtained for industries other than construction. Thus, they will require adjustments to make them construction industry-specific, which will allow for their practical adoption in the industry.


    Ideally, the adoption of a marketing strategy will only be justified if it can improve firm performance. Hence, marketing strategies must be derived from variables that have bearings on firm performance. For ICF marketing purposes, the listed factors affecting firm performance can be categorised as third-party-based, firm-based, project-performance-based, client-based and publicity-based marketing strategies. Marketing essentially involves altering some variables to attract patronage. This categorisation makes it easier to determine the domain of the marketing variables to be altered for an ICF to increase its performance.


    A third-party-based marketing strategy, for instance, focuses marketing activities on influencing entities that are external to the firm and its clients in order to increase the firm’s performance. In the Nigerian context, for instance, an ICF can gain patronage by providing social amenities for its project host community. In public sector projects, such an act will shore up the reputation of the firm in the estimation of the government and therefore help secure repeat business for the firm. While some external environmental factors (e.g., government regulations) are beyond the firm’s control, the firm can, by adjusting the focus of its marketing strategies, continue to increase its performance levels irrespective of the state of its operating environment.


    Generally, ICFs in Nigeria are associated with poor performance. The reason for this state of affairs is that clients compare the firms with multinational construction firms. However, as a group, ICFs are not often compared to one another. In the Nigerian construction industry, the firms are grouped according to their levels of registration with the government (Ugochukwu and Onyekwena, 2014). This grouping method gives no clue to the levels of performance because a contractor can raise capital and register a poorly performing firm in a higher category of registration.


    METHODOLOGY


    The research questionnaire was purposively served on 87 CEOs and managers of ICFs in the six states of the South-South geopolitical zone of Nigeria: Akwa Ibom (n = 11), Bayelsa (n = 7), Cross River (n = 16), Delta (n = 15), Edo (n = 20) and Rivers (n = 18). These states are also among the nine Niger Delta states of Nigeria. The activities of oil companies and the Federal Government of Nigeria’s payment of a 13% oil derivative to the Niger Delta states make the incomes of these states higher than those of similar states in Nigeria. As a result, numerous ICFs are attracted to the South-South geopolitical zone of the country, where they compete for available jobs.


    Purposive sampling was adopted for this study because a comprehensive register of ICFs in the research area barely exists. Second, this approach made it possible to serve the questionnaire on the ICF knowledgeable personnel. The questionnaire was distributed in the state capitals targeting firms with on-going construction projects.


    ICFs were chosen for this study because of their often-cited ineptitude in terms of managerial competence. Based on their revenue to employee ratios (RERs), the firms covered by the study were grouped into “high performers” (n = 39), “average performers” (n = 25) and “low performers” (n = 23), as suggested by Tang and Zang (2005). This ratio has been used by construction practitioners and other similar studies (Barua et al., 2001; Harnish, 2006; Hindustan Construction Company, 2013). RER was calculated by dividing the annual turnover of the firms by their number of employees. Thus, RER is composed of both financial and nonfinancial variables of firm performance. This helps capture the merits of these two methods of firm performance assessment. Financial performance metrics are said to be lagging indicators, which give a poor indication of a firm’s future performance (Oyewobi et al., 2013). Number of employees is an important nonfinancial metric of firm performance and provides an indication of future performance (Abu Bakar et al., 2012).


    The number of employees used in this study was based on the number of staff on the payroll of the firms in 2015 and not necessarily on the number of permanent staff. The reason for this method is that with a few permanent staff, a firm can win a big contract, increase its staff strength for the duration of the project, and downsize afterwards. The firms were asked to state their annual turnover for 2015. Low performers were considered to be firms with RER ≤ N 15,000,000 for 2015; average performers were firms with RER > N 15,000,000 ≤ N 100,000,000; and high performers were firms with RER ≥ N 100,000,000. The respondents were asked to rank their frequency of use of marketing strategies found in the literature on a Likert Scale with 1 = Nil, 2 = Rarely, 3 = Sometimes, 4 = Usually and 5 = Always. For the purposes of determining marketing strategies used by the firms, strategies with [image: art] ≥ 3.0 were regarded as “used” by the firms, whereas those with [image: art] < 3.0 were regarded as “not used”. The study further investigated the influence of the different marketing strategy groups on firm performance levels.


    RESULTS


    Table 1 shows the mean score ranking of the frequency of use of the marketing strategies by the different firm groups and that of the all the firms pooled together. 33 of the identified marketing strategies are used by the respondents, whereas 11 are not used. Maintaining a strong pool of professionals to boost company image ([image: art] = 3.79), use of project signboards, ([image: art] = 3.76) and development of non-economic or social bonds ([image: art] = 3.63) are the three most frequently used marketing strategies. The least “used” marketing strategy was location of firm close to clients ([image: art] = 3.00).


    To ascertain whether there were significant differences in the frequencies of use of the identified marketing strategies among the three different firm groups, the Kruskal-Wallis H test was conducted. Table 2 shows the hypothesis test summary. The Kruskal-Wallis H test showed that a statistically significant difference exists in the frequencies of use of the identified marketing strategies by the different groups of firms. The chi square (x2) = 6.506, p = 0.039, with a mean rank frequency of use of 63.63 for low performers, 57.84 for average performers and 78.03 for high performers.


    A pairwise comparison of the frequencies of use of marketing strategies by the different firm groups (Table 3) revealed that no significant difference exists between the frequencies of use of marketing strategies by average performers and low performers (p = 1.000) and between low performers and high performers (p = 0.232). However, there is a significant difference between the frequencies of use of marketing strategies by average performers and high performers. High performers use marketing strategies more frequently than average performers, with mean rank frequencies of use of marketing strategies for the two groups of 78.03 and 57.84, respectively.


    Table 1. Marketing Strategies of Indigenous Construction Firms
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    Notes: LP = Low performers; AP = Average performers; HP = High performers

    Source: Adapted from Ogbu (2015)


    Table 2. Hypothesis (Kruskal Wallis) Test Results


    
      
        	
          Firm Group

        

        	
          N

        

        	
          Mean Rank

        

        	
          

        

        	
          Frequency of Use of Marketing Strategies

        
      


      
        	
          LP

        

        	
          44

        

        	
          63.63

        

        	
          Chi-Square

        

        	
          6.506

        
      


      
        	
          AP

        

        	
          44

        

        	
          57.84

        

        	
          df

        

        	
          2

        
      


      
        	
          HP

        

        	
          44

        

        	
          78.03

        

        	
          Asymp. Sig.

        

        	
          0.039

        
      


      
        	
          Total

        

        	
          132

        

        	
          

        

        	
          

        

        	
          

        
      

    


    Table 3. Comparison of Means of the Different Firm Groups


    
      
        	
          Sample 1-Sample 2

        

        	
          Test Statistic

        

        	
          Std. Error

        

        	
          Std. Test Statistic

        

        	
          Sig.

        

        	
          Adj. Sig.

        
      


      
        	
          AP-LP

        

        	
          5.784

        

        	
          8.154

        

        	
          0.709

        

        	
          0.478

        

        	
          1.000

        
      


      
        	
          AP-HP

        

        	
          −20.193

        

        	
          8.154

        

        	
          −2.476

        

        	
          0.013

        

        	
          0.04

        
      


      
        	
          LP-HP

        

        	
          −14.409

        

        	
          8.154

        

        	
          −1.767

        

        	
          0.077

        

        	
          0.232

        
      

    


    Notes: Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic significances (2-sided tests) are displayed. The significance level is .05.


    To determine whether firm marketing strategies influence performance levels, an ordinal regression was carried out between the dependent variable “firm group” (low performer = 0, average performer = 1, high performer = 2) and the independent variables. Each marketing strategy group (independent variable) was measured by summing the ranks given to its sub-variables by the respondents. The model fitting information had a significant chi square (x2 = 79.374, p = 0.000), which gave confidence that the final model was a significant improvement over the baseline model. The Pseudo R2 statistics (e.g., Nagelkerke = 67.4%) were high, meaning that the independent variables explain a high proportion of the variations in ICF performance levels.


    Table 4 shows the parameter estimates obtained from the ordinal regression analysis. Four marketing strategy groups – third-party-based strategy, client-based strategy, firm-based strategy and publicity-based strategy – were significant determinants of ICF performance levels. For instance, for every unit rise in third-party-based marketing, the odds of the firm moving from low performer to the average or high performer group increase by 1.11. Similarly, an increase in a client-based marketing strategy was associated with an increase in the odds of belonging to the high performer group, with an odds ratio of 1.054 ([95% Confidence interval, 1.022–1.087], Wald x2 (1) = 12.468, p = 0.001).


    DISCUSSION OF FINDINGS


    Level of Adoption of Marketing Strategies by ICFs


    The study demonstrates that maintaining a strong pool of professionals to boost company image ([image: art] = 3.79) ranks highest among the marketing strategies of the indigenous construction firms covered by this study. This finding supports the view that people are the most important resources of an organisation (Delaney and Huselid, 1996) in marketing terms. This result appears to support the finding of Ojo (2011) that the most frequently used marketing strategy by construction professionals is the professional-client relationship. For example, the résumés of key firm staff is an important pre-qualification-to-tender criterion in Nigeria. This importance may have contributed to the emergence of this factor as the most frequently used marketing strategy. Knowledgeable construction professionals are increasingly difficult to retain by ICFs in Nigeria.


    Table 4. Parameter Estimates


    [image: art]


    Part of the problem is that the quality of construction graduates in the country barely meets industry expectations (Dabalan, Oni and Adekola, 2000). As a result, where available, construction professionals are expensive to retain.


    However, whereas the frequency of use of this marketing strategy by low and high performers was [image: art] = 4.25 and [image: art] = 4.29, respectively, that of average performers was [image: art] = 2.62. This finding suggests a neglect of this strategy by most average performers. Average performers may be content with having the names of construction professionals in their company profiles without actually employing them. However, low and high performer firms may differ in their approaches to attracting and retaining professionals. While high performers may seek to retain professionals by financial and non-financial incentives (Wright et al. 2004), low performers may simply seek to acquire the services of these professionals to boost their chances of winning or executing projects, perhaps on a short-term basis.


    A significant difference exists between the frequencies of use of marketing strategies by the groups of firms. This difference necessitated a pairwise comparison of the frequencies of use of the marketing strategies by the groups of firms. It was then shown (Table 4) that a significant difference exists between the frequencies of use of marketing strategies by average- and high-performer firms (p = 0.040). No significant difference, however, exists between the frequencies of use of marketing strategies by low and high performers (p = 0.232). This finding appears to negate the finding in Anic, Rajh and Teodorovic (2009) that high-performer firms invested more in marketing than low-performer firms. However, Anic, Rajh and Teodorovic (2009) only categorised firms into low and high performers, thereby omitting average performers who were noted as typically numerically more than the other categories of firms (Prahalad and Bettis, 1986). Furthermore, Anic, Rajh and Teodorovic (2009) was based on manufacturing firms, and the findings of this study seem to suggest that a similar situation does not apply to ICFs in Nigeria.


    Similarly, the results of this study do not support the finding of Tang and Zang (2005) that no significant difference exists in the levels of adoption of marketing strategies by low-, average- and high-performer firms. In contrast, the present study shows that average performer frequency of use of marketing strategies is significantly different from that of high performers. Average performers may be more complacent about marketing than the other two groups of ICFs, and this accounts for construction firm tardiness in the adoption of marketing (Naranjo et al., 2011; Tarawneh, 2013). This finding may be related to a lack of vision for business expansion on the part of the leaders of average-performer ICFs. Most ICFs in Nigeria are sole proprietorships (Kamal and Flanagan, 2014). The owners are often satisfied with subsistence performance. As a result, once they arrive at a satisfactory income level, their marketing drives slow down.


    Level of Firm Performance and Marketing Strategies of ICFs


    The ordinal regression analysis revealed that third-party-based strategy, client-based strategy, firm-based strategy and publicity-based strategy influence ICF performance levels. This finding suggests an area of emphasis in choosing marketing strategies.


    Third-party-based strategy


    Third parties are stakeholders of a firm in addition to its owners and clients. This study finds that a third-party-based strategy increases a firm’s odds of moving to a higher performance level by 1.11 for every unit rise in third-party-based strategy. It is probable that by engaging and managing relationships with construction professionals and networking with other firms, ICFs increase their chances of winning jobs. Huck, Lunser and Tyran (2007) suggested that when firm stakeholder networks share information about their private experiences with the firm, the firm’s reputation improves. This reputation may have accounted for the findings of this study. Furthermore, the influence of a third-party-based strategy may also be related to a firm’s corporate social responsibility activities. For instance, Odetayo, Adeyemi and Sajuyigbe (2014) found that a significant relationship exists between corporate social responsibility and the profitability of Nigerian firms. It could be that ICF activities contribute to social ends and result in an improved company image, which helps firm performance.


    Client-based strategy


    The finding of this study supports earlier studies (Ojo, 2011; Abu-Bakar, Tufail and Virgiyanti, 2011). Marketing strategies that are essentially focused on interacting directly with clients improve firm performance. Creating social bonds with potential and existing clients and opening more communication and feedback channels will enhance client trust and could lead to repeat business. A possible implication of this finding is that relationship management with clients improves firm performance among ICFs, as earlier observed by Reinartz, Krafft and Hoyer (2004) for firms from different industries. Similarly, ICFs may be showing an increasing drive towards relational marketing, contrary to the observation of Davis (2003) that the construction industry focuses more on transactional marketing. Thus, marketing drives that emphasise long-term engagement with the client may improve ICF performance.


    Firm-based strategy


    Marketing strategies that have the firm as their base are significant determinants of ICF performance levels. The analysis showed that the odds of an ICF in the research area belonging to a higher firm performance level will increase by 1.27 for every unit rise in firm-based marketing strategy, with the other variables remaining constant. Nigerian ICFs are generally seen as lacking adequate managerial (including marketing) capacity (Ugochukwu and Onyekwena, 2014). Thus, ICFs in which this inadequacy does not exist may stand better chances of winning jobs. Additionally, this finding tends to strengthen the view that a resource base constitutes a marketing asset for a firm. A link exists between firm resources and capabilities (Grant, 1991). As firms improve their resources, clients become more attracted to them given the equally improved management and technical capabilities of the firms.


    Publicity-based strategy


    The findings of this study suggest that advertising and promotional activities have the potential to improve ICF performance. A publicity-based marketing strategy is associated with an increase in the odds of belonging to the higher performance groups with an odds ratio of 1.151 ([95% confidence interval, 1.01–1.312], Wald x2 (1) = 4.449, p = 0.035). Publicity-based marketing strategies include company brochures and web-based and print media advertisements. They help in managing firm reputation and image building (Abdullah and Threadgold, 2008). Positive publicity about an ICF could also help counteract past negative publicity (Yuksel and Mryteza; 2009) about the firm. Nigerian ICFs often post their firm names on their equipment, safety gear, such as helmets and overalls, and project signboards. People tend to associate the quality of the work being done with the name of the firm doing the work. A number of ICFs in Nigeria lack equipment and do not provide safety gear for their workmen; therefore, firms that can provide these resources gain reputations as better firms. Print media publications can help clients identify firm experience, capabilities and possible niches of operation. The quality of these publications communicates the business acumen and seriousness of the ICF to the client.


    CONCLUSION AND RECOMMENDATIONS


    The influence of marketing strategies on ICF performance is under-researched. This paper set out to contribute to existing knowledge in this area by investigating the use of marketing strategies by three groups of ICFs: low performers, average performers and high performers. Its second objective was to ascertain the relationship between the use of marketing strategies and the level of performance of ICFs in the South-South geopolitical zone of Nigeria. It was found that the variable maintaining a strong pool of professionals to boost company image is the highest-ranking marketing strategy used by the ICFs covered by the study. This implies that ICFs should prioritise the engagement of suitably qualified construction professionals because this helps attract jobs and improve firm performance.


    It was further found that a significant difference exists in the frequencies of use of marketing strategies by average-performer and high-performer ICFs. High-performer ICFs use the identified marketing strategies more frequently than average-performer ICFs. The average-performer ICFs no longer make use of marketing strategies as much as they did while they were low performers. However, marketing strategies should be sustained by ICFs irrespective of their performance level. Doing so will ensure that ICF performance continues to improve.


    It was also found that the groups of marketing strategies that influence ICF performance are third-party-based, client-based, firm-based and publicity-based strategies. Project-performance-based strategies were found not to significantly contribute to ICF performance levels. It is probable that ICFs consider it expensive to undertake actions during project execution that will endear them to clients. ICFs should improve their project performance and consider free design and maintenance contributions to attract more clients and improve their performance.


    Limitations of the Study


    The study assumed that marketing strategies are the only predictors of firm performance. In practice, non-marketing strategy factors can also influence firm performance. Second, the annual turnover of ICFs was based on the total value of projects won during the year 2015. Further studies using actual cash inflows within a given period of time may be necessary.
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    Abstract: To understand delays in the Indian construction context, an exploratory survey was conducted as a precursor to the development of simulation models. System Dynamics (SD) was used to visualise the pivotal feedback relations that cause delays to evolve mechanisms that reduce it. A community development construction project in India serves as the case for modelling. Findings of the study suggest that definite causal feedback relations exist among difficulties in financing the project, ineffective planning and scheduling, poor communication and coordination by the contractor, conflict between the contractor and other stakeholders and use of inappropriate construction methods and construction delays. However, the modelling efforts reveal that the use of these best practices can reduce delay significantly: provision of adequate project finances and cash flow, effective planning and scheduling, adoption of appropriate construction methods and contingencies for rework in the schedule.
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    BACKGROUND


    Several construction management scholars say the reasons for delays in projects could be classified under broad issues related to clients, contractors, design, construction, materials, equipment and management (Alaghbari et al., 2007; Assaf and Al-Hejji 2006; Chan and Kumaraswamy, 1997; Desai and Bhatt, 2013; Odeh and Battaineh, 2002). However, out of these issues, contractor-related issues play a major role in causing delays in construction projects in developing countries (Doloi, 2009; Odeh and Battaineh, 2002; Sambasivan and Soon, 2007). Scholars have also argued that contractors form important parts of construction projects. They are essentially responsible for the actual construction activities on project sites and as such, challenges faced by contractors could cause significant delays in projects (Hwang, Zhao and Tan, 2015; Hwang and Yang, 2014; Hwang and Leong, 2013; Ndekugri, Braimah and Gameson, 2008; Olawale and Sun, 2010). According to recent studies in India by Aswathi and Thomas (2013), contractors, rather than consultants and owners, were the most responsible party for the delays in construction projects. Similarly, according to Doloi, Sawhney and Iyer (2012) and Doloi et al. (2012), more than 50% of Indian projects have both cost and time overruns and the major reasons are contractor-related issues, such as an inefficient contractors’ lack of commitment and contractors’ improper planning.


    A plethora of studies have observed contractor-related factors and various methods of analyses of construction delay across the globe. However, inquiries relating to the development of policy interventions to resolve the challenges of delay in construction projects in relations to contractor aspects are limited. Therefore, the objectives of the study were to delineate the influential contractor-related issues that lead to delays in India, to evolve the causal feedback relations among the contractor related issues and to develop a model to estimate the reduction of delay under varied strategic interventions.


    The next section of the paper presents the reviewed literature by highlighting the factors of delays that are under the control of contractors. The research approach, which includes a survey and a modelling effort, follows the literature review section. The findings of the survey and the modelling efforts show the dynamics of the phenomenon and suggest policy implications to conclude the paper.


    LITERATURE REVIEW


    The sources of construction delays are varied and to mention a few, they relate to the performance of project actors, the availability of resources, the schedule delay and the contractual relations (Alaghbari et al., 2007; Odeh and Battaineh, 2002; Pongpeng and Liston, 2003; Stumpf, 2000). In terms of causation by project actors, the clients, contractors, designers, subcontractors and suppliers could make decisions that lead to delay. Of these actors, contractors have major impacts in India (Aswathi and Thomas, 2013; Doloi, Sawhney and Iyer, 2012).


    The major contractor-related factors that are observed to be responsible for delays are as follows: difficulties in financing project by contractor (Doloi, 2009); delays in financing projects by contractors (Sambasivan and Soon, 2007); rework due to errors during construction (Doloi, 2009); conflicts between contractor and other parties (consultant and owner) (Al-Kharashi and Skitmore, 2009); poor site management and supervision (Chan and Kumaraswamy, 1997; Satyanarayana and Iyer, 1996); poor communication and coordination by contractor with other parties (Ahsan and Gunawan, 2010; El-Razek, Bassioni and Mobarak, 2008; Lo, Fung and Tung, 2006); ineffective planning and scheduling by the contractor (Ahsan and Gunawan, 2010; El-Razek et al., 2008; Lo et al., 2006); improper construction methods implemented by contractors (Chan and Kumaraswamy, 1997; Satyanarayana and Iyer, 1996); delay in site mobilisation (Chan and Kumaraswamy, 1997; Satyanarayana and Iyer, 1996); and unavailability of incentives for contractor for finishing ahead of schedule (Aibinu and Odeyinka, 2006; Al-Kharashi and Skitmore, 2009).


    It was, however, observed that although many of these factors have cause and effect relations (Assaf and Al-Hejji, 2006; Sambasivan and Soon, 2007), explicit studies relating to such feedback relations and their influence on construction delay are limited.


    RESEARCH METHODS


    The study used a survey research method for the collection of primary data. Descriptive statistical analysis and Cronbach’s alpha test were conducted to check the reliability and suitability of the data set. The survey research method was employed to collect primary data from the various stakeholders in construction projects in India. A total of 120 questionnaires were administered; 100 of which were returned (85% response rate). Project managers, architects, engineers, designers, skilled technicians, specialist consultants, quantity surveyors, contractors and owners were surveyed using a semi-structured method. Various construction projects from which respondents were selected for survey included buildings, roads, bridges, railways, power plants and industrial complex projects. The profile of the sample and the projects is presented in Table 1.


    Table 1. Profile of Respondents


    
      
        	
          Project Characteristics

        

        	
          Characteristics of Respondents

        
      


      
        	Type of Projects

        	
          Number

        

        	
          Percentage

        

        	Respondents

        	
          Number

        

        	
          Industry Time

        
      


      
        	Buildings

        	
          11

        

        	
          39.3

        

        	Owners/Clients

        	
          13

        

        	
          14–22

        
      


      
        	Roads

        	
          6

        

        	
          21.4

        

        	Project managers

        	
          17

        

        	
          8–15

        
      


      
        	Bridges

        	
          4

        

        	
          14.2

        

        	Consultants

        	
          12

        

        	
          7–18

        
      


      
        	Railway

        	
          2

        

        	
          7.2

        

        	Architects

        	
          11

        

        	
          6–15

        
      


      
        	Power plants

        	
          2

        

        	
          7.2

        

        	Engineers

        	
          14

        

        	
          13–20

        
      


      
        	Industrial complexes

        	
          3

        

        	
          10.7

        

        	Contractors

        	
          13

        

        	
          12–21

        
      


      
        	Total

        	
          28

        

        	
          100.0

        

        	Estimators

        	
          11

        

        	
          5–14

        
      


      
        	

        	

        	

        	Skilled technicians

        	
          9

        

        	
          4–16

        
      


      
        	

        	

        	

        	Total

        	
          100

        

        	
          8.6–17.6

        
      

    


    To compile the survey questionnaire, the related literature was reviewed to identify the causes of contractor induced delay. Then, a set of major delay factors were compiled and checked for their relevance in India. A pilot survey was initially conducted among the project actors with a sample size of 20 by using a preliminary questionnaire to validate the selection of the factors to reflect the Indian construction industry. The questionnaire was modified and refined after the pilot survey based on the suggestions of the respondents and the refined questionnaire was then used for the survey for the data collection.


    The respondents were asked to provide their opinions on the various parameters that cause delays and to rate the challenges on a scale of 1 to 5 from their experiences. A five point Likert scale (1 = Not influential, 2 = Less influential, 3 = Influential, 4 = Significantly influential and 5 = Most influential) was adopted for guiding the participants to provide their responses with varying degrees of influence of factors on construction delay.


    A Likert scale was employed to measure the relative influence of the variables in terms of a delay index (DI) causing delay. The DI is the mean score achieved from the responses of the respondents. The DI was then used to develop conceptual models by using System Dynamics (SD) modelling principles (Sterman, 2000). A construction project was considered as the system for developing the model. The influential factors, which were their positive and negative influences on the related factors and the causal relationships among them, were used to develop the SD models. The causal relationships among the variables within and across the major parameters were developed based on the evidence observed from the literature, as well as discussions and experiences of the professionals surveyed. Then, a quantitative SD model was developed and simulated to compute the project duration and delay period under different scenarios and strategic interventions to reduce delay. While developing the models, discussions with the experts and professionals were conducted by using semi structured interviews (Day and Bobeva, 2005; Donohoe and Needham, 2009; Pandza, 2008). The discussions were conducted four times: (1) before developing the models to know the inter-linkage of parameters, (2) while developing the model to understand causal feedback relations, (3) to validate the causal feedback relations and conceptual models and (4) while simulating under different strategic interventions. Modifications and amendments to the causal relations and model development and interpretation were made after each stage of the discussion.


    MODELLING AND RESULTS


    Major Contractor Related Factors Influencing Construction Delay


    Parameterisation is essential to identifying the major influential contractor-related factors, which significantly contribute to delay in Indian construction projects. This was performed through evaluation of the relative impact of the factors by using the Likert scale followed by discussion with the stakeholders. Table 2 presents the relative importance of the factors observed from the research. It was observed that difficulties in financing project by contractor, delays in financing project by contractor, reworks due to errors during construction, conflicts between contractor and other parties (consultant and owner) and finally, ineffective planning and scheduling of project by contractor were all perceived to be significantly influential in terms of construction delay. Additionally, poor communication and coordination by contractor with other parties, improper construction methods implemented by contractor and delay in site mobilisation were considered influential. However, the lack of inceptives for contractors to finish ahead of schedule does not appear to be influential. The findings, more or less, corroborate the findings of the other scholars in the literature.


    Table 2. Significance of Various Contractor Related Factors Influencing Delay in Construction


    
      
        	Factors

        	
          Delay Index (DI)

        

        	
          SD

        

        	
          Cronbach’s Alpha

        

        	
          Rank

        
      


      
        	Difficulties in financing project by contractor

        	
          4.25

        

        	
          0.36

        

        	
          0.93

        

        	
          1

        
      


      
        	Delay in financing project by contractor

        	
          4.15

        

        	
          0.38

        

        	
          

        

        	
          2

        
      


      
        	Rework due to errors during construction

        	
          4.10

        

        	
          0.32

        

        	
          

        

        	
          3

        
      


      
        	Ineffective planning and scheduling of project by contractor

        	
          3.90

        

        	
          0.33

        

        	
          

        

        	
          4

        
      


      
        	Conflicts between contractor and other parties (consultant and owner)

        	
          3.70

        

        	
          0.28

        

        	
          

        

        	
          5

        
      


      
        	Improper construction methods implemented by contractor

        	
          3.65

        

        	
          0.26

        

        	
          

        

        	
          6

        
      


      
        	Poor communication and coordination by contractor with other parties

        	
          3.65

        

        	
          0.31

        

        	
          

        

        	
          7

        
      


      
        	Delay in site mobilisation

        	
          3.60

        

        	
          0.34

        

        	
          

        

        	
          8

        
      


      
        	Poor site management and supervision by contractor

        	
          3.20

        

        	
          0.28

        

        	
          

        

        	
          9

        
      


      
        	Unavailability of incentives for contractor for finishing ahead of schedule

        	
          2.85

        

        	
          0.26

        

        	
          

        

        	
          10

        
      

    


    Note: External factors such as the weather condition have not been considered as they are beyond the control of project management


    System Dynamics Modelling


    SD modelling and justification of its application


    A number of techniques have been developed to understand delay in the construction industry (Braimah, 2013). For instance, Paleneeswaran and Kumaraswamy (2008) developed an integrated decision support system (DAS) for delay analysis in construction projects and Terry (2003) used network causal mapping and an SD approach to study the impact of delays on a project. Some of the reviewed literature used Monte Carlo simulation to derive delay reduction interventions (Aswathi and Thomas, 2013) and fuzzy logic for delay computations (Pandey et al. 2012). However, many of these methods do not explicitly consider the causal feedback relationships among the factors that cause delay, specifically with regards to contractor-related factors. The research was able to bridge this gap with SD modelling.


    SD is a modelling technique in construction project management for improving the effectiveness of the decision-making process (Han et al., 2013; Lyneis and Ford, 2007). The use of SD is not limited to projects as the unit of analysis. According to SD modelling scholars, this approach has the potential to contribute to decision-making in a complex system, in which interconnectivity and complicated feedback processes are rife. Given that the SD model could handle interconnectivities arising from complicated feedback processes, it is argued that it can help understand the inter-related factors at play in the industry and assist in developing plausible policy interventions to resolve the delay in construction projects. Under this premise, SD modelling is used to resolve delays at a particular attribute level – the contractor level.


    Conceptualisation of the model


    As evident in Table 2, difficulties in financing a project by a contractor, delay in financing project by a contractor, conflicts between a contractor and other parties (consultant and owner), rework due to errors during construction and ineffective planning and scheduling of project by a contractor are the major contractor-related causes of a delay. The influence of poor communication and coordination by a contractor with other parties, improper construction methods and a delay in site mobilisation are, however, not significant. The causal relations among these contractor-related factors that cause delay are presented in Table 3. The causal feedback relationships among the factors and a delay in the SD model (Figure 1) reveal that ineffective planning and scheduling has a direct linkage with construction delay through a feedback mechanism (balancing loop CB1). Ineffective planning, essentially, can happen because of poor communication. It can influence the construction activities through delay in site mobilisation influenced by poor management of site and supervision and cause delay that disrupts the effectiveness of the planning by feedback mechanism (CB1A). Similarly, difficulty in financing the project by a contractor, which can lead to a delay in financing the project, will cause a construction delay. Conversely, once a delay occurs, the contractor will face difficulty in financing the project because of factors such as cost escalation and the mobilisation of funds. Thus, difficulty in financing the project causes delay and disrupts the project through feedback mechanism (balancing loop CB2). Additionally, delay can happen because of rework if appropriate provisions are not in the planning and schedule of the project. However, the adoption of best practices of the industry, such as planning for financing and budgeting ahead of time, provision of good communication and coordination, use of appropriate construction methods and provision for rework and exigencies can reduce delay through the four reinforcing feedback mechanisms with delay as envisaged in the Figure 1. First, planning for finances and budgeting ahead of time can lessen the burden of difficulty in financing; as a result, the project will not be slowed down or disrupted because of lack of finance, thus reducing delay. As delay is reduced or avoided, the project will remain within the budget. This implies that planning for finance and budget ahead of time will reduce delay and vice versa through reinforcing feedback mechanism CR1A. Second, the provision of good communication and coordination can reduce ineffective planning and scheduling and consequently delay through the reinforcing mechanism CR1B. Moreover, it will also assist in proper site management and supervision and reduction in delay in site mobilisation, which, in effect, will reduce the negative effect of the disrupting mechanism CB1A. Third, rework needs to be considered as an essential element in the construction process. Therefore, provision for rework and exigencies in the schedule can lessen the ineffectiveness of the planning and secluding, thereby avoiding any undue impedance in the project through the mechanism CR1C. Fourth, if rework is necessitated by poor quality of work or use of inappropriate construction methods, then rework can be reduced by adopting appropriate construction methods through feedback mechanism CR1D, which in effect reduce delay in construction.


    Therefore, it is envisaged that reduction of delay will occur through the actions of the reinforcing loop CR1 (constituting reinforcing sub loops CR1A, CR1B, CR1C and CR1D) between the adoption of best practices and construction delay. Thus, the disruptive mechanisms through CB1 and CB2 can be balanced or negated by reinforcing mechanism CR1. Therefore, causal feedback mechanisms, which involve effective planning and scheduling, planning for finance and budget ahead, adoption of construction methods, contingencies in planning for rework and exigencies by the contractor and construction delay, are the dynamic hypothesis; these should be considered while developing policy interventions to reduce delay in construction.


    Table 3. Cause and Effect Relationship among Contractor Related Factors


    
      
        	Cause

        	

        	Effect

        	
          +/−

        

        	Source
      


      
        	Difficulties in financing project by contractor

        	
          →

        

        	Delay in financing project by contractor

        	
          +

        

        	Doloi (2009); Odeh and Battaineh (2002); Sambasivan and Soon (2007); Satyanarayana and Iyer (1996)
      


      
        	Delay in financing project by contractor

        	
          →

        

        	Delay in construction

        	
      


      
        	Poor communication and coordination by contractor with other parties

        	
          →

        

        	Conflicts between contractor and other parties (consultant and owner)

        	
          +

        

        	Ahsan and Gunawan (2010); Assaf, Al-Khalil and Al-Hazmi (1995); El-Razek et al. (2008); Lo et al. (2006)
      


      
        	Conflicts between contractor and other parties (consultant and owner)

        	
          →

        

        	Delay in financing project by contractor

        	
          +

        

        	Al-Khalil and Al-Ghafly (1999); Al-Kharashi and Skitmore (2009); Doloi (2009)
      


      
        	Improper construction methods

        	
          →

        

        	Rework due to error during construction

        	
          +

        

        	Chan and Kumaraswamy (1997); Satyanarayana and Iyer (1996)
      


      
        	Poor communication and coordination by contractor with other parties

        	
          →

        

        	Ineffective planning and scheduling of project by contractor

        	
          +

        

        	Aibinu and Odeyinka, (2006); Ahsan and Gunawan (2010); Assaf, Al-Khalil and Al-Hazmi (1995); El-Razek et al. (2008); Lo et al. (2006); Semple, Hartman and Jergeas (1994); Chan and Kumaraswamy (1997); Doloi (2009a); Doloi et al. (2012); Satyanarayana and Iyer (1996)
      


      
        	Rework due to errors during construction

        	
          →

        
      


      
        	Delay in site mobilisation

        	
          →

        
      


      
        	Poor site management and supervision by contractor

        	
          →

        

        	Delay in site mobilisation

        	
          +

        

        	Chan and Kumaraswamy (1997); Satyanarayana and Iyer (1996)
      


      
        	Ineffective planning and scheduling of project by contractor

        	
          →

        

        	Delay in construction

        	
          +

        

        	Ahsan and Gunawan (2010); Assaf, Al-Khalil and Al-Hazmi (1995); BIS (2013); Doloi (2009a); El-Razek et al. (2008); Lo, Fung and Tung (2006)
      


      
        	Adopting best practices

        	
          →

        

        	Planning for adequate budget

        	
          +

        

        	BIS (2013)
      


      
        	Delay in construction

        	
          →

        

        	Difficulty in financing the project by contractor

        	
          −

        

        	
      


      
        	Adopting best practices

        	
          →

        

        	Effective communication and coordination

        	
          +

        

        	
      


      
        	Effective communication and coordination

        	
          →

        

        	Ineffective planning and scheduling by contractor

        	
          −

        

        	Doloi (2009); Doloi et al. (2012b); Sambasivan and Soon (2007)
      


      
        	Adopting best practices

        	
          →

        

        	Provision for rework in scheduling and planning

        	
          +

        

        	BIS (2013)
      


      
        	Provision for rework in scheduling and planning

        	
          →

        

        	Rework due to errors in construction

        	
          −

        

        	Doloi (2009); Doloi et al. (2012b); Sambasivan and Soon (2007)
      


      
        	Adopting best practices

        	
          →

        

        	Adoption of appropriate construction methods

        	
          +

        

        	BIS (2013)
      


      
        	Adoption of appropriate construction methods

        	
          →

        

        	Improper construction methods adopted by contractor

        	
          −

        

        	Doloi et al. (2012)
      


      
        	Reduction in improper construction methods adopted by contractor

        	
          →

        

        	Rework due to error during construction

        	
          −

        

        	Doloi et al. (2012)
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      Figure 1. Conceptual SD Model of Contractor Related Factors Causing Delay in India

    


    Model building


    Based on the previous explanations, a quantitative SD model was developed to observe the project duration and delay components in a construction project in India. Project duration is considered as a stock and there are three rate variables, which include normal construction rate (NCR), construction rate due to delay in financing and construction rate due to ineffective planning. Availability of finance, good communication, provision for rework and use of appropriate technology and construction methods are all the auxiliary variables, which influence the rate variables. Table 4 presents the various project attributes, project boundary and simulation variables used in developing and using the model. The maximum construction period of 36 months is considered as the model boundary and variables exogenous to the contractor-related factors in construction, which include client, consultant and design related factors are kept out of the modelling. The model was built by using STELLA software, which employed algorithms developed based on the inter-relationship and dependence of the variables. The major algorithms used in the model building are given in the Equation 1 to 4. For example, project period under a normal scenario is a function of initial project period and NCR (as shown in Equation 1); however, project period in future scenarios of delay is a function of the initial project period, normal construction rate, addition to project period due to (reduction in construction rate) finance delay, addition to project period due to (reduction in construction rate) ineffective planning, contribution to construction rate due to availability of finance, contribution to construction rate due to good communication, contribution to construction rate due to provision for rework in the schedule and contribution to construction rate due to use of appropriate technology and construction methods and their relative influences (as shown in Equation 2).


    The simulation time unit considered was one month up to a maximum period of 36 months because the maximum duration of the project under pessimistic conditions was three years from the day of the project “start”. In addition, a month was taken as the minimum time unit in simulation to easily comprehend the delay at different periods of construction. The Euler integration method with a time step of 0.03150 (for instance, in one month it integrates 1/0.03150 = 32 times) was used for simulating the model.
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    where,


    NCR = Normal construction rate,


    AFDCR = Addition to project period due to (reduction in construction rate) finance delay,


    AIPCR = Addition to project period due to (reduction in construction rate) ineffective planning,


    CAFCR = Contribution to construction rate due to availability of finance,


    CGCCR = Contribution to construction rate due to good communication,


    CRWCR = Contribution to construction rate due to provision for rework in the schedule,


    CATCR = Contribution to construction rate due to use of appropriate technology and construction methods,


    w1, w2, w3, w4 are the weightages given to the respective variables as observed from historical data and expert discussion for sensitivity analysis.


    Table 4. Project Variables and Simulated Scenarios


    
      
        	Project Variables

        	

        	Variable Attributes/Values

        	Remarks
      


      
        	Type of project

        	

        	Community development (building)

        	Type of building: A school cum disaster management community shelter

        Location: Khurda district of Odisha state
      


      
        	Size of project

        	

        	Two storeyed and approximately 800 sq. m.

        	
      


      
        	Type of structure

        	

        	Framed structure, isolated footing foundation, Flat RCC roof

        	
      


      
        	Maximum project period

        	

        	3 years (36 months)

        	
      


      
        	Units of construction duration considered

        	

        	In days

        	
      


      
        	Initial estimated construction duration

        	

        	300 days

        	
      


      
        	Construction rate factions

        	

        	

        	
      


      
        	Normal rate of construction

        	

        	0.0033 units/day

        	Obtained from the stakeholders discussion and historical data of projects
      


      
        	Initial effective communication fraction

        	

        	0.0.10

        	Obtained from Historical data of projects and discussion with engineering project execution personnel
      


      
        	

        	0.0016
      


      
        	Initial rework factor fraction

        	

        	0.0011
      


      
        	Initial financing factor fraction

        	

        	0.10
      


      
        	w1

        	

        	0.25–1.0

        	Based on experts and stakeholders discussion
      


      
        	w2

        	

        	0.1–0.75
      


      
        	w3

        	

        	0.1–0.5
      


      
        	w4

        	

        	0.1–0.5
      


      
        	

        	

        	Simulated Scenarios

        	
      


      
        	Scenarios

        	

        	Simulation Variables

        	Combined Effects Considered
      


      
        	Normal scenario

        	
          S1

        

        	Business as usual (normal rate of construction as envisaged during project planning)

        	
      


      
        	Scenarios causing delay

        	
          S2

        

        	Non-availability of finance

        	Difficulty in financing and delay in financing
      


      
        	
          S3

        

        	Ineffective planning

        	Lack of effective communication and inadequate scheduling
      


      
        	
          S4

        

        	Combination of ineffective planning and unavailability of finance

        	
      


      
        	Scenarios of reduction of delay under policy interventions

        	
          S5

        

        	Good communication

        	Good communication leads to effective planning
      


      
        	
          S6

        

        	Good communication and availability of finance

        	
      


      
        	
          S7

        

        	Good communication, availability of finance, provision for rework

        	
      


      
        	
          S8

        

        	Good communication, availability of finance, provision of rework and use of appropriate technology in construction
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      Figure 2. SD Model (Stock Flow Diagram) Based on Analysing Delay Due to Contractor Related Factors in Construction Projects

    


    Model validation


    Once the model was established and before it was used for simulation, it was tested to check if sufficient confidence in the model is attained. For this purpose, a structure verification test, an algorithm check and a behavioural validity test were each conducted. A structure verification and an algorithm check were conducted by checking the causal feedback relationships and correctness of mathematical equations. For behavioural veracity of the model, the model was simulated for three completed projects, having similar attributes in the same location and the results obtained from simulations of the model were compared. The compared results (Figure 3) revealed that the model results vary marginally (from 3.5% to 7.8%), while showing the behavioural validity of the model. In addition, experts were consulted to make adjustments and fine tune the model. The adjustments and fine tunings were performed by adjusting the variable weights, checking the causal effects, verifying the influence of rates and results of auxiliary variables and the behaviour of the model to provide results of measured variables, such as project duration under different simulated conditions that should be close to real life scenarios (comparable to other similar projects).The validated model was simulated to compute the project period under different simulated scenarios.


    
      [image: art]


      Source: Projects are sourced from Odapada and Balipatna blocks in Odisha, India (2009–2013)


      Figure 3. Comparison between Model Results and Actual for Validation of the Model

    


    Insights from the Simulated SD Models


    The project duration and delay in construction project as obtained from the SD model was analysed under four categories: (1) normal scenario (business as usual), (2) project period under important factors causing delay scenarios, (3) project duration under strategic interventions to reduce delay and (4) comparative project duration under different scenarios. Figure 4 presents the project period and the trend of the delay under the scenarios, which cause delay. In this case, two important scenarios are presented: difficulty in financing the project with the contractor (which includes delay in financing, difficulty in obtaining the finance, budgeting and lack of communication among the stakeholders responsible for financing) and ineffective planning (which is a cause of lack of effective communication) are considered (Table 4). It was observed that under normal scenarios, the maximum project duration will rise to a maximum of 12.7% from the original estimate, which is quite marginal. However, the project period will be fairly high under the scenarios of finance delay (84.3%) and ineffective planning (114%). It is also clear that under the scenario of the combined effect of financial delays and ineffective planning, the delay in the project will be the worst. The project period under such a scenario will be exceeded by 206.3% from the originally estimated duration. Hence, the simulated scenarios show that while difficulty in financing the project and ineffective planning autonomously will cause significant delay in the construction project, the combined effect is much worse. Therefore, policy interventions are needed to avoid such scenarios.


    Figure 5 presents the project period and project behaviour under different strategic policy interventions. The simulations were conducted under the four most significant scenarios as mentioned in Table 4. The scenarios that did not have significant impact, either independently or in combination, have been ignored for the simplicity of the analysis. While developing scenarios under different policy interventions, comparisons were made with the worst-case scenarios, as well as with the normal and original project duration. It was found that if good communication is affected, which essentially assists in obtaining effective planning, the project period will be reduced from the worst-case scenarios of combined scenarios caused by ineffective planning and unavailability of finance, although it is still much higher than both original and normal scenario project periods. This shows that policy interventions that are based on the combination of good communication and the availability of finance alone will not reduce delays appreciably, although it will limit the delay to the certain extent. Under a combined scenario of good communication, the availability of finance, provision for rework and appropriate use of technology and construction methods, the project period will be significantly reduced, i.e., it will be reduced by 59.8%, from the worst-case scenario. In other words, the project period will be marginally higher (23%) than the original project period and close to (exceeds only by 9.2%) the project period under a normal scenario.
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      Figure 4. Project Duration under Different Scenarios Causing Delay
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      Figure 5. Project Duration under Different Scenarios of Policy Interventions to Reduce Delay

    


    CONCLUSIONS


    This study addressed the various contractor-related factors that are influencing project delays in construction. To achieve the aim of this research, SD models were used to comprehend the amount of delay that can eventuate in a project when individual or a combination of contractor-related issues are at play in a project. Before the SD models were developed, an evaluation was conducted based on an index developed with an exploratory survey in India. The simulated models revealed that delays that manifest through gaps in finance and project planning would substantially impact the timely delivery of projects. This realization, therefore, requires the use of policy interventions that could handle planning and finance issues in construction.


    There are three policy implications that are generated from the findings of the study. First, planning ahead for finance can lessen the burden of difficulty in financing so that the project will not be slowed down or disrupted because of a lack of funding. Moreover, the reduction of delay will enable the project to remain within the budget, which implies that planning for finance ahead of time will reduce a delay and vice versa. Second, provision of good communication and coordination is essential as this could schedule clashes that contribute to delays. It will also aid in proper site mobilisation, management and supervision. Third, the adoption of appropriate construction methods can reduce rework if produced by poor quality of work or use of inappropriate construction methods, which would, in effect, reduce a delay in construction. In particular, the combination of these policies in a project would reduce a delay to a significant extent.


    The paper has its limitations. Although, project actors were surveyed in India, the modelling effort only used a single project to provide insights into the dynamics of delays due to contractor-related matters. However, it is envisaged that the findings of the research should assist project actors (most especially contractors) to diagnose delay challenges and evolve mechanisms to address them on their projects. Additionally, the research offers a methodology to understanding the influence of various contractor-related factors that cause delay in a project. The quantification of the extent of influences of these factors on projects amplifies the need to address them.
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    Abstract: Due to the alarming rate of building collapse, this study assesses building control practices in Lagos state. It examines the effectiveness of building control practices, and it also identifies the factors limiting the capacity of building control practices. To achieve these objectives, quantitative techniques were used in which 61 questionnaires were distributed to selected professionals from contracting firms within the built environment. The sample was selected using the purposive sampling technique. The data collected were processed using mean item score, percentage and ANOVA. The study revealed that not all building control measures were thoroughly observed. It was discovered from the findings that, aside from the measure of processing and scrutinising the building plans for approval, which was duly observed, no other measures were observed, and they are all equally significant. The study also identifies factors that impede adherence to building control practices, such as corruption and the bureaucratic process, which were ranked highest. Hypothesis testing revealed that there is no significant difference among the professionals in their perception of the effectiveness of building control practices. In conclusion, this study recommends regular auditing of the activities of building control agencies due to the prevalence of corruption cases among their members.


    Keywords: Building control, Sustainability, Lagos state, Built environment, Building construction


    INTRODUCTION


    Lagos state, without a doubt, is one of the developing cities in Africa. Filani (2012) affirmed that Lagos is the economic bedrock of Nigeria and the sub-region of West Africa, as it yields 32 percent of the national gross domestic product (GDP). Osinbajo (2004) cited in his paper, Problem and Prospect of Development Control, that Lagos was expected to join the league of mega cities by 2015, with the World Bank projecting a population of 24.5 million. However, irrespective of the projected population of Lagos, there have not been corresponding plans for the provision of social amenities that will accommodate the increasing population. Attempts by individual inhabitants of the state to meet their housing needs have led to personal development of housing, in which building regulations are not given top priority. Disregard of building regulations has culminated in various challenges, such as an incessant rate of building collapse, building fires, and land pollution, in our built environment. To curtail the challenges confronting the built environment, there is a need to control building construction. Control and order are of necessity, as these two factors define the sustainability of our environment. As cited by Hossein, Farah and Leila (2012), the built environment is a key player in promoting sustainable development to preserve quality of life, comfort, security and health, among others; these goals can only be achieved under a controlled environment.


    Moreover, any developments that do not consider health, welfare and quality of life should be discouraged. Therefore, it is necessary to control building construction activities. Building control is aimed at ensuring the health and safety of building users and facilitating sustainable development. According to Pedro, Meijer and Visscher (2009), building control is an indispensable tool that ensures the application of the minimum requirements set for building construction to guarantee safe, healthy and accessible buildings. Alexander (2011) affirmed that the building control system is meant to regulate building design to ensure safe, healthy, accessible and sustainable building facilities for current and future generations. However, the safety and sustainability of our built environment can be questioned due to various reports on the performance of our built structures and the use of our land-based resources. The use of our buildings and the activities that created them do not consider the sustainable principle of safety for the present and future generations. Additionally, the abuse of our landed resources is evidenced in the activities that are carried out on them, and as such, it could deny the generation to come of this monumental wealth.


    The preservation of our built environment is not an option; it is necessary for humankind’s existence. Pedro et al. (2009) revealed that developed nations are comfortable with the relevance of the building control system, and it is a tool that is used to ensure the sustainability of their built environments. Similarly, Van der Heijden and De Jong (2013) cited the importance of building regulations and their enforcement in the developed world in overhauling unhealthy practices that have caused poor housing conditions and unhealthy environments in their built environments in past years. However, it is different in our society, as we experience the mismanagement of our land, recurring periods of building collapse, building fires, sick buildings, and urban defacement. As such, in 2010, the Lagos state government established a building control agency to control building construction activities within the state. Creating a system to respond to some needs within the environment also demands the consistently assessment of its adequacy. As such, it is pertinent for this study to carry out organised inquiries into the effectiveness of the building control system in Lagos state. This paper focuses on the measures of enforcement of building regulations within the built environment with the use of building control tools. The study is aimed at examining the professionals’ perceptions of the effectiveness of building control as an enforcement tool in achieving building regulation standards and also identifying factors confronting the implementation of building control practices. The study also hypothesises that there are no significant differences among the professionals in their perception of the measures of enforcement of building control.


    LITERATURE REVIEW


    Building construction is essential for the development of every nation around the world. It contributes to the measure of the standard of living and wellbeing of some inhabitants of a society. Buildings create a platform through which most activities that aid development are executed; therefore, the significance of buildings in every nation of the world cannot be denied. However, although the building has been a blessing to some environments, it has not been in others. The production process and the planning of buildings on land have been issues due to the prevalence of abuses that are evident within our environment. Built environment abuse in Nigeria is highly evident in the increasing rate of structural failure, massive infernos due to limited spacing between buildings, and flooding due to the development of structures on drainage paths, among others. It was affirmed by Dauda, Abdulazeez and Abubakar (2012) that built environment abuse in Nigeria is second-to-none as human activities in the environment are carried out in a disorderly manner. A development that cannot guarantee safety, health and increases in the living conditions of the current and future generation is not a worthy development. Therefore, it is crucial that legislation is enacted that addresses the excesses observed within the built environment. According to Snelling (1997), building regulations are designed to ensure and guarantee the health, safety and convenience of people in or around the building. Meacham (2010) further affirmed that “building regulations are instruments that established rules of conduct, intended to ensure that buildings are constructed and operated in consonance with regulations, and provided standardised performance with respect to the building and safety of its occupants and the environment in which the building is situated.” Building regulations ensure that the built environment is adequately preserved by dealing with scrupulous practices within the ambit of the law.


    However, building regulations are not enough to create the built environment that we desire, and the need for enforcement of regulations has been an issue in every sphere of our nation. To address this need, the Lagos state Government signed a law establishing a building control agency on the 5 July 2010, to instil the order back into the built environment. Before the introduction of the building control agency, the only existing body comprised community health workers, who oversaw the health affairs of residential buildings in the state. The complexity of the state with respect to population growth and high building construction activities over time had outgrown the efficiency of the state health workers. The gap created due to the lack of a building control agency in the past led to the alarming rate of building collapse in the present. Windapo and Rotimi (2012) carried out a survey on building collapse across all states in Nigeria between 1974 and 2010. It is interesting to note that 51% of the instances of collapsed building were predominantly in Lagos. Udoma (2014) also cited in his report that between 2007 and 2012 there were 130 instances of building collapse in Lagos. He went further and said that more than 135 instances of building collapse were reported in 2013 alone in Lagos state. Negligence of the state in controlling development activities in the past has culminated in the present rate of building collapse. The Lagos State Building Control Agency (2011), however, affirmed that the embarrassing rate of building collapse within the state led to its creation to prevent the continuous and future occurrence of building collapse. The function of the agency is focused on ensuring the adherence to regulations by upholding established laws within the built environment. The rule of law has been an issue in our country, as it is evident how individuals and corporate bodies, among others, negate what has been established by the law. These acts of impunity have found their way into the built environment, and it is negatively impacting the environment. The prevalence of some practices that are not in accordance with international standards or building regulations has been increasing due to the lack of enforcement of building regulations. Additionally, Osinbajo (2004) identified non-enforcement of relevant laws as the major problem confronting our environment. To triumph over issues relating to the enforcement of certified laws within the built environment, it is therefore necessary to use a tool to monitor the effectiveness of the enforcement of building regulations. Reports from Building Control Performance Standards (2006) indicated building control as a tool used in achieving the objectives of building regulations. Similarly, Low (2011) opined that building control is an indispensable tool that defines the minimum standards that must govern the operation of the stakeholders in the built environment in consonance with existing laws. Building control is highly encompassing, as it ensures that the three phases of construction, including design, construction and handing over, are verified to be within the sphere of established regulations (Pedro et al., 2009). Building control is more concerned with enforcement of regulations within the built environment. Compliance with building regulations does not depend solely on the stakeholders due to those who break the law. As such, the enforcement of the use of building control tools results in synergy that can help achieve the built environment we desire.


    Building control has a large role to play in the development and sustainability of the infrastructure of the built environment. Building control is thorough and flexible, as it dictates the structural soundness of the building during construction and the occupational health and safety of people involved in the building process (Low, 2011). Control and sustainability are two inseparable words in that the former preserves the latter. The relevance of building control in the built environment cannot be denied, as it ensures a view of the proposed state of the environment. It guarantees an ideal environment in which orderliness and sustainability are primary factors in any development. Like any other tool that has a definite procedure of use, the building control tool is not an exemption. Building Control Performance Standards (2006) reveal the processes of carrying out building control activities, and they include assessment of planning, site inspection, and issuance of a certificate of completion. In following these procedures, each stage is further supported. At the level of plan assessment, it is revealed that effective and continuing control of building works can be guaranteed at the design stage by ensuring certification of the following: intended use of the building, floor area, cubic capacity, number of stories, consideration of fire precautions, and accepted floor loading. Compliance with building regulations is ensured, and modification due to non-compliance is established. The Department for Communities and Local Government (2012) further affirmed the need for using legal tools in righting non-compliant work. Control of building works at the plan assessment stage is vital, as it dictates the success of the building control processes. Neglecting planning assessment will amount to an uncontrolled situation at the subsequent stage of construction; the impact of such negligence may be disastrous.


    The site inspection stage takes into full account the following; the degree of detail in the design assessment process, the experience of the builder, the nature of the work and statutory arrangements. The inspection stage is the most vital stage in the building control process, as it amounts to over 65% of the entire procedure of the building control system. Without a doubt, it is the stage at which building control tools play a pivotal role in ensuring safety, health and sustainability of our constructed environment. The smallest of the building control procedures addressed is the issuance of a certificate of occupancy. This stage affirms the fitness of the structure for habitation; it marks a milestone in the building control procedure.


    Moreover, irrespective of the potential for lying in building control practices, it is surprising to discover that there are factors that still inhibit its beneficial role in the built environment. The findings of the Building Standards Division (2010) reveal that the low experience level of the personnel and lack of knowledge among building control personnel are the dominant factors affecting building control practices. Without a doubt, building control personnel must increase their knowledge in their area of specialisation because of the complexities of operations that revolve around buildings during the construction and post-construction stages. Knowledge gaps among building control personnel can affect the efficiency of the building control practice. Finally, Simon, Samuel and Edu (2015) identify corruption and the bureaucratic process as factors that cause the gap between building regulations and their enforcement. Corruption has been a pandemic that has ravaged every sphere of our society; its significance as a prominent factor affecting building control practices does not come as a surprise. The bureaucracy in the process of building control practices is another factor that must change; the process must be simplified if we are to have the expected order in our built environment.


    RESEARCH METHODOLOGY


    The aim of this study was to assess the effectiveness of building control tools with a focus on addressing the gap between existing building regulations and their enforcement in Lagos state. In attempting to achieve this objective, data were sourced from both primary and secondary sources. Primary data were collected with the aid of structured questionnaires administered to built environment professionals in selected contracting firms; they included architects, quantity surveyors, builders, civil engineers, electrical engineers and urban and regional planners. The sample was selected using the purposive sampling technique, a non-probabilistic technique. The tool was used to elicit controlled response. The professionals’ views were sorted by their proximity to and involvement with building control processes. A total of 80 questionnaires were distributed among the professionals at contracting firms in Lagos, and 61 were returned. They were scrutinised for errors, omissions, completeness and inconsistencies and were found to be adequately completed. The calculated response rate was 76%, indicating a good response rate.


    The questionnaire was divided into three sections: section one examined the characteristics of the respondents, and the second section addressed the frequency of the enforcement of building control measures. The choices were on a Likert scale of 1–5 and were scored accordingly. Respondents were to give a score in accordance with the level of frequency, where 1 = Never, 2 = Rarely, 3 = Sometimes, 4 = Often, 5 = Very often. The third section addressed the factors affecting the implementation of building control practices. The respondents were to attest to the degree of the effects of the factors in the following order on the Likert scale: 1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very high.


    Descriptive statistics were used to analyse the respondents’ characteristics. Mean item score was used to analyse the frequency of the building control measures and the factors affecting their implementation. The hypothesis was analysed with ANOVA, and the confidence level was set at 5%.


    ANALYSIS AND RESULTS


    Characteristics of Respondents


    In this section, the personal information of the respondents used for the study was analysed using percentages. The results obtained are presented in Table 1.


    Table 1 shows the summary of the demographic characteristics of the respondents. The age bracket 21–31 years represents 45.9% of the total respondents. A total of 25% of the respondents are older than 31 years old. Less than 30% of the respondents fall within the other age brackets. The age bracket of over 50 years is the smallest, followed by the age bracket of respondents younger than 20 years old. The result shows the maturity of the respondents in terms of age.


    It was also revealed that more than 60% of the respondents have a BSc/BTech as their academic qualification. Additionally, 29.5% of the respondents have an MSc/MBA, and 8.1% have higher national diploma (HND) as their highest academic qualification. Respondents with a PhD as their highest academic qualification represented the smallest percentage. The aggregate of the respondents’ academic qualifications offer quality responses to the study.


    It is observed from the findings that 36.1% of the respondents were professional builders, followed by surveyors and civil engineers, who each had a respondent rate of 16.4%.


    Table 2 shows that graduate and corporate members are well represented in the study. Among graduate groups, the NIOB has the highest percentage at 36.5%, and it has the highest number of respondents. The NIOB was followed by the NSE at 28.8%. Among the corporate groups, the NIOB and NSE are the highest, and they are tied at 35.7%. It is evident that at the corporate level, both the NIOB and NSE are well rooted. The second highest in the corporate group is the NIQS, with 14.3%. After critical review of the respondents’ professions, it is evident that the knowledge base is good for the study.


    Table 1. Descriptive Characteristics of Respondents


    
      
        	Characteristics

        	
          Frequency

        

        	
          Percentage

        
      


      
        	Age

        	

        	
      


      
        	< 20 years

        	
          28

        

        	
          45.9

        
      


      
        	31–40 years

        	
          27

        

        	
          44.3

        
      


      
        	41–50 years

        	
          4

        

        	
          6.6

        
      


      
        	51–60 years

        	
          2

        

        	
          3.3

        
      


      
        	Total

        	
          61

        

        	
          100

        
      


      
        	Academic Qualification

        	

        	
      


      
        	HND

        	
          5

        

        	
          8.1

        
      


      
        	Bachelor of Science (BSc)/Bachelor of Technology (BTech)

        	
          37

        

        	
          60.7

        
      


      
        	Master of Science (MSc)/Master of Business Administration (MBA)

        	
          18

        

        	
          29.5

        
      


      
        	Doctor of Philosophy (PhD)

        	
          1

        

        	
          1.6

        
      


      
        	Total

        	
          61

        

        	
          100

        
      


      
        	Profession

        	

        	
      


      
        	Architect

        	
          5

        

        	
          8.1

        
      


      
        	Quantity surveyor

        	
          10

        

        	
          16.4

        
      


      
        	Builder

        	
          22

        

        	
          36.1

        
      


      
        	Civil engineer

        	
          10

        

        	
          16.4

        
      


      
        	Urban and regional planner

        	
          1

        

        	
          1.6

        
      


      
        	Electrical engineer

        	
          6

        

        	
          9.8

        
      


      
        	Other

        	
          7

        

        	
          11.5

        
      


      
        	Total

        	
          61

        

        	
          100

        
      

    


    Table 2. Professional Affiliation and Grade of Membership


    
      
        	Membership Status

        	
          Graduate Frequency

        

        	
          Percentage

        

        	
          Corporate Frequency

        

        	
          Percentage

        
      


      
        	Nigerian Institute of Architects (NIA)

        	
          3

        

        	
          5.8

        

        	
          1

        

        	
          7.1

        
      


      
        	Nigerian Society of Engineers (NSE)

        	
          15

        

        	
          28.8

        

        	
          5

        

        	
          35.7

        
      


      
        	Nigerian Institute of Building (NIOB)

        	
          19

        

        	
          36.5

        

        	
          5

        

        	
          35.7

        
      


      
        	Nigerian Institute of Quantity Surveyors (NIQS)

        	
          10

        

        	
          19.2

        

        	
          2

        

        	
          14.3

        
      


      
        	Others

        	
          5

        

        	
          9.6

        

        	
          1

        

        	
          7.1

        
      


      
        	Total

        	
          52

        

        	
          100

        

        	
          14

        

        	
          100

        
      

    


    Enforcement of Building Tools


    This section reveals the varying measures of building control enforcements tools. These measures are identified and ranked as presented in Table 3.


    From Table 3, the frequency of enforcement of building control measures occurs in the following order: Processing and scrutinising of building plans for approval is the measure that is most often observed for enforcement of building control, with a mean score of 4.05. This demonstrates that most building plans were approved prior to commencement of construction. This was followed by the inspection of construction work in progress, with a mean score of 3.49. The inspection of buildings completed according to the approved building plan for the issuance of certificates of occupancy had a mean score of 3.32. This is an indication that building inspection is one of the core measures needed for the control of building works. Taking action on unauthorised, dangerous and other contraventions of statutory requirements related to building was among the top four, with a mean score of 3.07. This signifies zero tolerance for the negligence of statutory requirements and dangerous structures that are a threat to human safety and health. The keeping of records in relation to building and related approvals, building control agency coordination with other statutory bodies to meet requirements and the establishment of a legal framework for immediate and continuous audits and certifications of existing building are the three lowest ranked, with mean scores of 3.00, 2.87 and 2.51, respectively.


    Table 3. Assessment of the Effectiveness of Building Control Measures


    
      
        	Building Control Measure

        	
          Mean

        

        	
          Rank

        
      


      
        	The processing and scrutinising of building plans for approval.

        	
          4.05

        

        	
          1

        
      


      
        	The inspection of construction work in progress.

        	
          3.49

        

        	
          2

        
      


      
        	The inspection of the building completed according to approved building plans for the issuance of certificates of occupancy.

        	
          3.32

        

        	
          3

        
      


      
        	The taking of action on unauthorised, dangerous work and on contraventions of statutory requirements related to building.

        	
          3.07

        

        	
          4

        
      


      
        	The keeping of records in relation to building and related approvals.

        	
          3.00

        

        	
          5

        
      


      
        	The co-ordination with other statutory bodies to meet requirements e.g., roads, fire safety, environmental requirements, etc.

        	
          2.87

        

        	
          6

        
      


      
        	Establishing a legal framework for immediate and continuous audits and certifications of existing buildings.

        	
          2.51

        

        	
          7

        
      

    


    Factors Affecting Building Control Practices


    This study identifies the various factors impacting building control practices, and they are ranked according to their order of significance in Table 4.


    Table 4 reveals the varying factors affecting building control practices. Among these factors, corruption and bureaucratic process ranked high, with mean scores of 4.65 and 4.40, respectively. This response indicates that corruption and the bureaucratic process strongly affect building control practices. Despite the presence of the building control tool, the reports garnered from our built environment are not encouraging due to limitation of the tools, which is caused by varying factors. Lack of coordination among agencies, as well as greed, are other striking factors affecting building control practices, with mean scores of 4.10 and 4.05, respectively. An inadequate legal framework for building control and a lack of enforcement mechanisms ranked 5th and 6th, with mean scores of 3.85 and 3.75, respectively, which signifies weak tools of authority. Lack of training, inadequate number of building control specialists and lack of personnel, with mean scores of 3.50, 3.45 and 3.30, respectively, ranked at the bottom of the table. Such findings reveal that the effectiveness of the building control agency is dependent upon the availability of people with technical capacity. It is, however, surprising to discover that inadequate funding for agencies is the smallest factor acting against building control effectiveness, with a mean score of 2.80.


    Table 4. Factors Affecting Building Control Practices


    
      
        	Factor

        	
          Mean

        

        	
          Rank

        
      


      
        	Corruption

        	
          4.65

        

        	
          1

        
      


      
        	Bureaucratic process

        	
          4.40

        

        	
          2

        
      


      
        	Lack of coordination among agencies

        	
          4.10

        

        	
          3

        
      


      
        	Greed

        	
          4.05

        

        	
          4

        
      


      
        	Inadequate legal framework for building control

        	
          3.85

        

        	
          5

        
      


      
        	Lack of enforcement mechanisms

        	
          3.75

        

        	
          6

        
      


      
        	Lack of training

        	
          3.50

        

        	
          7

        
      


      
        	Inadequate number of building control specialists

        	
          3.45

        

        	
          8

        
      


      
        	Lack of personnel

        	
          3.30

        

        	
          9

        
      


      
        	Inadequate funding for agencies

        	
          2.80

        

        	
          10

        
      

    


    Research Hypothesis


    The hypothesis postulated for this study is that there are no significant differences among the groups of professionals regarding their perceptions of building control measures. The results garnered from the groups of professionals respondents are presented in Table 5.


    The perceptions of the professional groups, including the builders, quantity surveyors, engineers and architects on the effectiveness of building control measures was tested, and the results are presented in Table 5. The level of statistical significance has been set to 5%. Table 5 reveals that the p-values of all the processes of building control are above 0.05, which signifies no differences among the builders, quantity surveyors, engineers, architects and urban and regional planners on their perceptions. As such, the alternative hypothesis is rejected and the null hypothesis, which states that there is no significant difference among the professionals on their perceptions of the effectiveness of building control measures, is accepted.


    Table 5. ANOVA Results for Significant Level of Professional Opinion on Effectiveness of Building Control Measure


    [image: art]


    DISCUSSION OF FINDINGS


    This study indicated that the state of building control practices in Lagos state is very porous. It was evident from the study that most of the measures of building control are not followed to the letter of the law. Among the building control measures, it was only “processing and scrutinising of building plans for approval” that was thoroughly observed according to the study. Every other measure that was equally important was not monitored thoroughly. Based on the findings, inspection of ongoing construction site work was not carried out adequately by building control agencies; this can result in the sub-standard execution of construction. Negligence in upholding such relevant measures was among the reasons why the alarming rate of building collapse is increasing within the state. In the same vein, the study revealed that thorough action was not taken on unauthorised or dangerous work and other contraventions of statutory requirement in the building. Buildings were constructed against statutory requirements. Dangerous buildings are a threat to human health and safety, and the inability of the agencies to strongly uphold such measures will amount to environmental catastrophe, which is possible in our state today. The study also revealed the various factors confronting building control practices, such as corruption and the bureaucratic process, which ranked high in the study. The emergence of corruption as the highest ranked among other factors is not surprising due to the present state of the country. According to the corruption perception index, Nigeria was ranked 136th out of 176 countries in 2014. It was evident that there is a correlation between corruption at the macro and the micro level. To set every sector of the country back on the right track, corruption must be confronted early on. The bureaucratic process is another striking factor challenging building control practices and is due to the insensitivity of the agency to the environment. As revealed in the study, lack of coordination and greed also stand as threats to the capacity of the building control agency. An inadequate legal framework for building control and the lack of enforcement mechanisms are other striking factors that inhibit the performance of the building control agency. Such findings reveal how vulnerable our building control system has been due to a lack of legal tools and enforcement mechanisms. The study also revealed that lack of training, inadequate of building control specialists and lack of personnel, among others, are urgent issues that must be given attention. The built environment is an industry whose technical and skill requirements are very high. In the same vein, building control agents’ technical and skilful capacity should not be lacking so that they can perform as required. Inadequate funding for the agency is the lowest-ranked factor. Nevertheless, it is highly instrumental in the success of the function of the agency. Hypothesis testing revealed that there is no significant difference among the professionals (architects, builders, engineers, urban and regional planners and quantity surveyors) on their perceptions of building control practices in Lagos state.


    CONCLUSIONS AND RECOMMENDATION


    From the study conducted, it is evident that the sustainability of the built environment is dependent on the effectiveness of the building control tool. It is revealing to know that aside from the process of scrutinising building plans for approval measures, which ranked highest, most of the measures of building control received scores of approximately three in the frequency range, which signifies “sometimes” on the Likert scale.


    The inspection of building works in progress, which cannot be denied as one of the relevant measures within the range of specified measures of building control tools, was on a medium scale. The findings negate the perception of the Building Control Performance Standard (2006), which cited that for there to be effective building control process, thorough and frequent site inspection should not be compromised.


    Another significant measure that was not given a high priority in the findings is “the taking of action on unauthorised, dangerous work and on contraventions of statutory requirements related to building”, as it ranked below the expected range. To attain a healthy, safe and sustainable built environment, adherence to the building control measures should be the highest priority.


    The study also revealed the varying factors competing within the implementation of building control practices. It is not surprising to know that corruption is the most striking factor affecting building control practices. Corruption is a pandemic that can be identified with our society, as it cuts across every sphere of our nation. As the saying in our nation states, “if we do not kill corruption, corruption will kill us”. Without a doubt, the second line of the statement is what is possible in our environment today. The alarming rates of reports on negative events such as building collapses, massive flooding, and building fires are major products of corruption.


    The bureaucratic process was also ranked highly among the factors affecting building control. This is impacting negatively on the environment because many people are discouraged from preparing a proper application prior to starting construction work. The negligence of individuals and bodies to make their intentions known to the statutory body contributed to the ugly occurrences experienced in our built environment.


    In short, the study revealed weaknesses in the enforcement of existing regulations in our built environment; adherence to most building control measures is weak. The gap that exists between building regulations and their enforcement is evident with the reality that is still prevalent in our built environment, such as the high rates of building collapse, building fires, and environmental destruction.


    From the study, the following recommendations are made to improve the gap that exists between building regulations and their enforcement in Lagos state.


    
      	There should be regular auditing of the performance of the building control agency to ensure that standards have not been compromised and to put authority in check due to the prevalence of corruption.


      	Government should intensify in its fight against corruption. If corruption can be confronted early, most sectors of the economy will be corrected, including the built environment.


      	The process of building control practices should be simplified, and its objectives should not be compromised.


      	The legal framework and its implementation should be the first priority in building control practices.


      	The availability of skilled personnel should be ensured in building control practice.


      	Funding of agencies should be given high priority, as they help to achieve the other recommendations.


      	Coordination among agencies should be encouraged, as this will help mitigate the inadequacy of personnel and otherwise.
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    Abstract: Information technology has been identified as a vital means for supporting construction project processes, but the level of adoption in the construction industry has been low relative to other sectors. Mobile Information and communications technology (mICT) allows people to access information from wherever they are, and as work in the construction industry is mainly fieldwork with highly mobile workers, mICT holds promise for the sector, particularly in developing countries. The aim of the study reported in this paper was to investigate factors that could impact stakeholders’ adoption of mICT in the Libyan construction industry. A model of mICT adoption was developed and tested using data collected from a survey of 202 construction industry stakeholders from 15 companies in Libya. The analysis was undertaken using structural equation modelling. It was found that perceived usefulness and ease of use are important in determining the intention to adopt mICT and that they are influenced by self-efficacy and facilitating conditions. The cost of technology was not found to be a barrier to adoption. Recommendations are made to the construction industry in Libya and relevant government authorities to help improve awareness of the potential of mICT and to help improve potential users’ self-efficacy.
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    INTRODUCTION


    In recent years, the construction industry has changed due to advancements in technology. Information and communications technology (ICT) has been identified as a vital means for supporting construction project processes; however, the amount of ICT use in the construction industry continues to be low relative to the use of similar innovations in other sectors (Australian Bureau of Statistics, 2015). Because of the potential benefits of the new technologies, research has been undertaken in developing countries to explore the constraints that prevent the adoption and usage of these innovations (e.g., Oladapo, 2006; Ikediashi and Ogwueleka, 2016).


    In Libya, the level of ICT use in sectors such as telecommunication, oil and gas and banking has been investigated (Twati and Gammack, 2006), but at the time of publication, nothing had been reported with respect to the construction sector. The reconstruction of the country is one of the most important targets of the government (Department for Business, Innovation and Skills, 2011), and the adoption of ICT has the potential to support this goal.


    Mobile ICT (mICT) refers to ICT that allows people to access data and information from wherever they are. Work in the construction industry is mainly fieldwork with highly mobile workers. Therefore, mICT holds promise for the sector in terms of facilitating a wide range of processes that lead to improvements such as reductions in construction time, defects, costs, and accidents (Bowden et al., 2006; Zou et al., 2006). It also holds promise because despite Libya’s poor Internet penetration rates, mobile phone usage has increased dramatically in the last decade, and many Libyans access the Internet thorough their mobile phones (Jones et al., 2012). This paper, therefore, focusses on investigating factors that could impact the adoption of mICT in the Libyan construction industry to address the need for the successful adoption and use of ICT in the sector.


    BACKGROUND


    The amount of ICT use in the construction industry has generally been low relative to its use in other sectors due to factors such as financial constraints (Australian Bureau of Statistics, 2015), privacy and security, and the reluctance of management to adopt new technologies (Peansupap and Walker, 2006; Froese, Han and Alldritt, 2007).


    Studies have investigated how mobile technology can be used to improve business processes in the construction industry. For example, Bowden et al. (2006) reported that improvements such as reductions in construction time, defects, capital cost of construction, waste, accidents, and operation and maintenance costs can be achieved using mICT. Zou et al. (2006) and Venkatraman and Yoong (2009) argued that mICT can play a significant role in enhancing on-site communications and improving the efficiency of construction processes.


    The potential benefits of ICT in the construction industry can be of particular value in developing countries; therefore, research has been undertaken in several countries to explore the constraints that prevent the adoption and usage of these innovations (e.g., Oladapo, 2006; Ikediashi and Ogwueleka, 2016). For example, a study in Nigeria found that factors such as insufficient or erratic power supply, high costs of hardware and software, a scarcity of construction specific software, low return on investment in ICT and a fear that ICT will make professionals redundant can negatively affect the uptake of ICT in the construction industry (Oladapo, 2006). Ikediashi and Ogwueleka (2016) identified cost as an ongoing issue and noted that commonly available software for word processing, accounting, communication systems and project management is the software most commonly used in the construction industry in Nigeria.


    Ngab (2007) investigated the challenges that impede the development of the construction industry in Libya; however, although the study identified a lack of technical and managerial capabilities, it did not specifically consider the role of ICT or the factors that can hinder the adoption of it. There has been no previous research on ICT adoption and use in the construction industry in Libya.


    The key factors in adopting, accepting and using any new technology are the users and their own perceptions of use of the technology. Identifying these factors and targeting them can prevent resistance and increase the chances of successful technology implementation (Shih and Chen, 2013). There is a large volume of published studies that describe the role of users’ perceptions in accepting new technology using models such as the Technology Acceptance Model (TAM) (Davis, Bagozzi and Warshaw, 1989), TAM2 (Venkatesh and Davis, 2000) and the Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2003). These studies have reinforced the importance of perceived ease of use and perceived usefulness, but it has been acknowledged that these factors do not fully encompass the technology factors that may determine user acceptance (Sun, Cao and You, 2010).


    In the case of mobile technology, several models have been developed based on TAM to investigate the adoption of such technology. These include models in studies by Pedersen (2005), Luarn and Lin (2005) and Sun, Cao and You (2010). In addition to the TAM determinants, perceived ease of use and perceived usefulness, authors have highlighted other factors that are relevant to the construction industry as obstacles to adopting mICT. These factors include perceived cost (Luarn and Lin, 2005; Sun, Cao and You, 2010), facilitating conditions (Pedersen, 2005) and perceived credibility issues related to security and privacy concerns (Luarn and Lin, 2005; Sun, Cao and You, 2010). Other studies specific to the construction industry have also identified hardware limitations (Saidi, Haas and Balli, 2002), high technology cost (Ahsan et al., 2007; Anumba, Aziz and Obonyo, 2003), the fragmented nature of the construction industry (Saidi, Haas and Balli, 2002; Bowden et al., 2006) and organisational issues (Son et al., 2012).


    RESEARCH MODEL


    In this study, mICT is defined broadly and is considered to include all mobile ICT that allows people to access data and information from wherever they are. It includes everything from smartphone applications for communication used by construction workers to industry-specific software used by managers on laptops. This study was designed to answer the following research question:


    
      What are the factors that could influence mICT adoption and use in the Libyan construction industry?

    


    To answer the research question, a research model based on the broader technology acceptance literature and research on technology adoption in the construction industry was developed. The model was designed to provide a better understanding of the inter-relationships between factors proposed as likely to have a significant role in mICT technology acceptance in the construction industry. This study defines the intention to adopt and use mICT as the degree to which a user (client, project manager, contractor, consultant or worker) is willing and ready to adopt and use mICT in the construction industry. The research model (see Figure 1) includes a set of constructs believed to influence mICT adoption and use: these are perceived usefulness of mICT, perceived ease of use of mICT, perceived mICT self-efficacy to reflect users’ concerns about their knowledge of mICT and their ability to use mobile ICT, perceived credibility of mICT to reflect users’ concerns about the risks due to transferring data and information through mICT services, perceived high cost of technology to reflect users’ concerns about the financial resources needed to use mICT and facilitating conditions to represent the resources required to use mICT (e.g., infrastructure or other ICT-related resources). The majority of these factors have not yet been studied in the context of mICT in the construction industry.


    Perceived usefulness has been defined as “the user’s perception of the degree to which using the system will improve his or her performance in the workplace” (Venkatesh and Davis, 1996: 452). This study defines perceived usefulness of mICT as the degree to which a construction industry stakeholder (e.g., client, project manager, contractor, consultant or worker) believes that adopting and using mICT would improve the construction industry.
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      Figure 1. The Research Model

    


    Perceived usefulness is a key determinant of the intention to use information technologies (Pavlou, 2003; Venkatesh et al., 2003; Zarmpou, Saprikis and Vlachopoulou, 2010). Pagani (2004) also found that perceived usefulness is an important factor in the decision to adopt mobile technologies. Therefore, this relationship is included in the research model, and the following hypothesis is proposed:


    
      H1: Perceived usefulness of mICT will positively affect the intention to adopt and use mICT in the construction industry.

    


    Perceived ease of use is “the degree to which a person believes that using a system will be free of effort” (Davis, 1989: 320). Perceived ease of use of mICT is defined in this study as the degree to which a user believes that using mICT in the construction industry would be effortless.


    There is evidence that technology usage intention is affected by perceived ease of use (Agarwal and Prasad, 1999; Davis, Bagozzi and Warshaw, 1992; Hu et al., 1999; Venkatesh, 2000; Venkatesh and Davis, 1996; 2000; Venkatesh and Morris, 2000). It is believed to affect the intention to use ICT directly and indirectly through perceived usefulness (Davis, Bagozzi and Warshaw, 1992; Venkatesh and Davis, 1996; Cheng, Lam and Yeung, 2006; Yaghoubi and Bahmani, 2010). In the case of mICT, Pagani (2004) found that perceived ease of use rated as the second most important factor in determining the adoption of mobile technology, and in the construction industry, perceived ease of use has been found to have a direct positive impact on perceived usefulness (Son et al., 2012). These relationships are therefore included in the research model, and it is hypothesised that:


    
      H2a: Perceived ease of use of mICT will positively affect the intention to adopt and use mICT in the construction industry.


      H2b: Perceived ease of use of mICT will positively affect the perceived usefulness of mICT in the construction industry.

    


    Cost reduction is a focus of many construction projects (Manley, Marceau and Hampson, 2001). The costs targeted include construction materials and construction processes. Where ICT is used, the costs also include the acquisition of software and hardware and ongoing updates of the technology. In the construction industry, the diffusion of ICT has been hindered by factors such as the high cost of software and hardware and the high cost of engaging computing staff (Oladapo, 2006). This study defines perceived high cost of technology as the degree to which a construction industry stakeholder believes that the costs associated with using mICT in the construction industry are high.


    In many studies, high cost has been rated as an important barrier affecting the adoption and use of technologies. For example, Brewer and Gajendran (2012) found that a high cost was rated the second most important barrier to engaging ICT across projects in a construction organisation. These findings are consistent with those of Chong and Pervan (2007) and Harindranath, Dyerson and Barnes (2008).


    In terms of mobile technology, adoption and usage have also been found to be affected by obstacles such as high costs (Pagani, 2004). Consistent with this finding, Luarn and Lin (2005) reported that perceived cost had a significant negative effect on the behavioural intention to use mobile technologies. Consequently, the study proposes the following hypothesis:


    
      H3: Perceived high cost of technology will negatively affect the intention to adopt and use mICT in the construction industry.

    


    Perceived credibility is a construct that reflects security and privacy concerns associated with the acceptance of ICT (Wang et al., 2003). In this study, perceived credibility of mICT is defined as the degree to which a construction industry stakeholder believes the use of mICT in the construction industry will have no security or privacy threats. Security and privacy are important dimensions of perceived credibility and have been identified as determinants of the intention of users to adopt Internet-based systems (Wang et al., 2003; Warrington, Abgrab and Caldwell, 2000; Ong, Lai and Wang, 2004).


    The role of perceived credibility in the domain of mICT has been studied by Luarn and Lin (2005) and Wang et al. (2003), who found that perceived credibility significantly influences the behavioural intention to use mobile internet. This influence has not been previously studied within the context of mICT in the construction domain; however, it is hypothesised that:


    
      H4: Perceived credibility of mICT will positively affect the intention to adopt and use mICT in the construction industry.

    


    Computer self-efficacy has been defined as “an individual’s perceptions of his/her ability to use computers in the accomplishment of a task” (Compeau and Higgins, 1995: 191). Computer self-efficacy has been shown to influence an individual’s decision to accept or use ICT (e.g., Compeau, Higgins and Huff, 1999; Hsu and Chiu, 2004; Vijayasarathy, 2004). In this study, perceived mICT self-efficacy is defined as a user’s belief about his or her ability to use mICT in order to enhance performance in the construction industry.


    Luarn and Lin (2005), Sripalawat, Thongmak and Ngramyarn (2011) and Dasgupta, Paul and Fuloria (2011) all found that self-efficacy has a positive effect on the behavioural intention to use mobile technology. Consistent with this previous research, it is expected that as the self-efficacy the stakeholders in the construction industry increases, so will their intention to adopt and use mICT. Therefore, the following hypothesis is proposed:


    
      H5a: Perceived mICT self-efficacy will positively affect the intention to adopt and use mICT in the construction industry.

    


    There is also empirical evidence for a relationship between self-efficacy and perceived ease of use. For example, Igbaria, Iivari and Maragahh (1995), Venkatesh and Davis (1996) and Venkatesh (2000) all found that self-efficacy significantly affects perceived ease of use. These results were supported by the findings of Luarn and Lin (2005), who provided evidence of a significant positive effect of perceived self-efficacy on perceived ease of use of mobile banking. Therefore, it is expected that as the self-efficacy of stakeholders in the construction industry increases, so will their ease of use of mICT. The following hypothesis is therefore proposed:


    
      H5b: Perceived mICT self-efficacy will positively affect the perceived ease use of mICT in the construction industry.

    


    There is also evidence of a link between perceived self-efficacy and perceived usefulness of technology (e.g., Agarwal, Sambamurthy and Stair, 2000; Wang et al., 2003), where users who have higher self-efficacy in using information systems are more likely to believe that they are useful; therefore, it is hypothesised that:


    
      H5c: Perceived mICT self-efficacy will positively affect the perceived usefulness of mICT in the construction industry.

    


    Wang et al. (2003) argued that self-efficacy might be positively related to the existence of concerns regarding the security and privacy of online exchanges. Consistent with this argument, Ong, Lai and Wang. (2004) stated that the more online experience individuals acquire, the more important their concerns about control over their personal information become and that individuals with more experience are possibly more aware of the limitations and lack of privacy and security of information systems, implying that self-efficacy will have a negative influence on perceived credibility. The findings of their study provided evidence of a significant negative effect of self-efficacy on the perceived credibility of online information systems. Therefore, it is proposed that:


    
      H5d: Perceived mICT self-efficacy will negatively affect the perceived credibility of mICT in the construction industry.

    


    Facilitating conditions has been defined as “the degree to which an individual believes that an organisational and technical infrastructure exists to support use of the system” (Venkatesh and Zhang, 2010 p.7). The absence of good facilitating conditions represents barriers to effective use and may hinder the adoption and usage of ICT (Kripanont and Tatnall, 2009). Facilitating conditions is defined in this study as the degree to which a construction industry stakeholder believes that an organisational and technical infrastructure exists to support the use of mICT in the construction industry.


    Facilitating conditions has been found in many studies to have a significant effect on the behavioural intention to use information systems (Dwivedi et al., 2007; Ooi et al., 2011). However, some studies have not found the relationship to be significant (e.g., Venkatesh et al., 2003; Kripanont and Tatnall, 2009).


    With respect to mICT, Lu et al. (2014) hypothesised a direct relationship between facilitating conditions and acceptance; however, the results revealed only marginal support for this hypothesis. Although there have been mixed results about the role that facilitating conditions play in the acceptance of ICT in other domains, it is anticipated that it will play an important role in enabling the uptake of mICT in the construction industry (Venkatraman and Yoong, 2009). Therefore, the following hypothesis is posited:


    
      H6a: Facilitating conditions will positively affect the intention to adopt and use mICT in the construction industry.

    


    As facilitating conditions are perceived enablers or barriers that influence a person’s perception of the ease or difficulty of performing a task (Teo, 2010), the relationship between facilitating conditions and perceived ease of use has been studied. For example, Teo, Lee and Chai (2008) and Teo (2010) found that facilitating conditions have a significant influence on perceived ease of use. Consistent with this, this study hypothesises that:


    
      H6b: Facilitating conditions will positively affect the perceived ease of use of mICT in the construction industry.

    


    METHODOLOGY


    This study was designed to test a model that explains the intention of stakeholders to adopt and use mICT in the construction industry in Libya, and a questionnaire was chosen as the data collection approach.


    Participants


    The population of interest for this study was stakeholders in the Libyan construction industry: consultants, project managers, contractors and workers. A cluster sampling approach was used to recruit the participants and the study was conducted using Libyan construction companies in three different cities to obtain a wide range of companies. The cities were Tripoli, Zawia and Zuwara, and the companies were drawn from different sectors: the public sector, the private sector and the self-employment sector (self-employment in Libya means that all employees in the company are the owners of that company.) The participants were recruited from 15 construction companies in the three selected cities. These companies were selected as representative from lists obtained from the Libyan Ministry of Housing and General Utilities.


    Data Collection Procedure


    Questionnaires and an information letter were distributed by the administration manager of each company to potential participants and returned in a provided stamped envelope. Potential participants needed to be at least 18 years old, to have owned or used mobile technologies (such as smartphones) for at least three years, and to be involved in the construction industry. Three hundred and twenty questionnaires were distributed, and 202 completed questionnaires were returned, giving a response rate of 63.1%.


    The Questionnaire


    The questionnaire was designed in English and translated to Arabic. The items were pilot tested with several members of the target population, and minor changes were made. The first section of the questionnaire collected demographic information. The second section included items to measure the constructs in the model. Wherever possible, the items used to measure these constructs were adapted for the construction industry domain from instruments used in previous research, with new items developed as needed. All model constructs were measured on a 5-point Likert scale that ranged from “strongly disagree” to “strongly agree”.


    Five items were used to measure intention to adopt and use mICT: two from Venkatesh and Davis (2000), one from Luarn and Lin (2005), one from Cheong and Park (2005), and one developed specifically for the study. Perceived usefulness of mICT was measured with 10 items. Six items were developed for this study based on Bowden et al. (2006). In addition, four from Davis (1989), Cheong and Park (2005), Pedersen (2005) and Venkatesh and Davis (2000) were slightly reworded for the mICT domain.


    Five items were used to measure perceived ease of use of mICT. Three were from Davis (1989), one was from Agarwal and Prasad (1999) and one was from Venkatesh and Davis (2000). The items were modified for mICT and the construction domain. Five items were also used to measure perceived high cost of technology: three were developed for this study, and the others were from Kim, Choi, and Han (2009) and Cheong and Park (2005).


    To measure perceived credibility of mICT, five items from Cheng, Lam and Yeung (2006) and one item from Wang et al. (2003) were used. Perceived mICT self-efficacy was measured using five items: two from Pedersen (2005) and two from Venkatesh (2000). These items were reworded to fit this study. One item was also developed for this study. Seven items were used to measure facilitating conditions. Six were from Pedersen (2005) and one was from Thompson, Higgins and Howell (1991).


    Data Analysis


    The relationships in the model were tested using partial least squares (PLS). A two-step approach commonly used in structural equation modelling was used. In this approach, the fit and construct validity of the proposed measurement model are tested first. Once a satisfactory measurement model is obtained, the structural model is estimated. SmartPLS version 2.0 was used for this process.


    RESULTS


    In the Libyan construction industry, as in other construction domains, most workers are males, which can be attributed to the nature of work. Consistent with this pattern, only 26 females completed the questionnaire (12.9%) and 176 respondents were males (87.1%). The most common age group was 30 to 39 (43.1%), and only 17.3% were between 18 and 29. Responses were fairly evenly divided between the public (50.5%) and private (46.0%) sectors, with only 3.5% from the self-employed category. Levels of previous mICT experience were also of interest, with 86.1% of participants reporting intermediate levels of mICT experience and only 3% considering themselves to be beginners.


    Measurement Model


    The measurement model was assessed in terms of convergent validity and discriminant validity. Items that did not load satisfactorily on their constructs (≥ 0.7, Hair et al., 2013) were dropped from the measurement model. All remaining items loaded significantly on their latent construct (p < 0.05).


    The other criteria used for evaluating convergent validity were composite reliability, Cronbach’s alpha and average variance extracted (AVE). As observed from Table 1, all values of composite reliability and Cronbach’s alpha were satisfactory at more than 0.70, and all values of AVE were more than 0.50 (Hair et al., 2013). Consequently, all criteria to establish the convergent validity of the research constructs were met.


    Table 1. Convergent Validity Measures


    
      
        	Construct

        	
          Composite Reliability

        

        	
          Cronbach’s Alpha

        

        	
          AVE

        
      


      
        	Perceived usefulness of mICT

        	
          0.924

        

        	
          0.901

        

        	
          0.672

        
      


      
        	Perceived ease of use of mICT

        	
          0.882

        

        	
          0.823

        

        	
          0.653

        
      


      
        	Intention to adopt and use mICT

        	
          0.931

        

        	
          0.907

        

        	
          0.731

        
      


      
        	Perceived credibility of mICT

        	
          0.970

        

        	
          0.963

        

        	
          0.847

        
      


      
        	Perceived high cost of technology

        	
          0.911

        

        	
          0. 868

        

        	
          0.774

        
      


      
        	Perceived mICT self-efficacy

        	
          0.904

        

        	
          0.841

        

        	
          0.758

        
      


      
        	Facilitating conditions

        	
          0.938

        

        	
          0.912

        

        	
          0.794

        
      

    


    Two procedures were used for assessing discriminant validity. The first procedure involved comparing item cross loadings to construct correlations. Items should be strongly correlated with their construct and weakly correlated with the other constructs in the model, and all values of the outer loadings of items on their construct were found to be higher than the values of the cross loadings. The second procedure involved comparing the ratio of the square root of the AVE of each construct to the correlations of the construct with all other constructs (Hair et al., 2013). Table 2 shows that the square root of AVE for each construct was greater than any correlation between the construct and any other construct. Therefore, both criteria were satisfactorily met, and the discriminant validity of the measurement model was demonstrated.


    Table 2. Discriminant Validity


    
      
        	Variable

        	
          1

        

        	
          2

        

        	
          3

        

        	
          4

        

        	
          5

        

        	
          6

        

        	
          7

        
      


      
        	1.

        	Facilitating conditions

        	
          0.891

        

        	

        	

        	

        	

        	

        	
      


      
        	2.

        	Intention to adopt and use mICT

        	
          0.460

        

        	
          0.855

        

        	

        	

        	

        	

        	
      


      
        	3.

        	Perceived credibility of mICT

        	
          0.614

        

        	
          0.407

        

        	
          0.920

        

        	

        	

        	

        	
      


      
        	4.

        	Perceived ease of use of mICT

        	
          0.577

        

        	
          0.584

        

        	
          0.516

        

        	
          0.808

        

        	

        	

        	
      


      
        	5.

        	Perceived high cost of technology

        	
          0.461

        

        	
          0.214

        

        	
          0.334

        

        	
          0.270

        

        	
          0.880

        

        	

        	
      


      
        	6.

        	Perceived usefulness of mICT

        	
          0.587

        

        	
          0.612

        

        	
          0.571

        

        	
          0.526

        

        	
          0.299

        

        	
          0.820

        

        	
      


      
        	7.

        	Perceived mICT self-efficacy

        	
          0.657

        

        	
          0.388

        

        	
          0.436

        

        	
          0.615

        

        	
          0.285

        

        	
          0.424

        

        	
          0.870

        
      

    


    Structural Model


    Four aspects of the structural model were assessed: collinearity, significance of path coefficients, coefficient of determination (R2) and predictive relevance (Q2).


    A collinearity assessment was used to check whether there were significant collinearity levels between groups of predictor constructs. Collinearity is assessed relative to tolerance or variance inflation factor (VIF) guidelines, where each predictor variable’s tolerance should be higher than 0.2 and lower than 5 (Hair et al., 2013). The following three groups of constructs were assessed for collinearity, and the VIF values of all predictor constructs in the structural model were below 5; collinearity among the predictor variables was, therefore, not an issue in the structural model:


    
      	Perceived mICT self-efficacy and facilitating conditions as predictors of perceived ease of use of mICT.


      	Perceived ease of use of mICT and perceived mICT self-efficacy as predictors of perceived usefulness of mICT.


      	Perceived high cost of technology, perceived ease of use of mICT, perceived usefulness of mICT, perceived mICT self-efficacy, perceived credibility of mICT and facilitating conditions as predictors of intention to adopt and use mICT.

    


    The bootstrapping technique implemented in SmartPLS 2.0 was used to evaluate the significance of the hypothesised relationships. Figure 2 shows the standardised coefficients for each hypothesised path in the model. Seven of the 11 hypotheses were supported.
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      Notes: ** p < 0.01; *** p < 0.001


      Figure 2. Hypothesis Testing Results

    


    As observed, perceived usefulness of mICT had a significant influence on the intention to adopt and use mICT in the Libyan construction industry; consequently, H1 was supported. Perceived ease of use of mICT had both a significant impact on intention to adopt and use mICT and a significant effect on perceived usefulness of mICT, so both H2a and H2b were supported.


    Perceived high cost of technology had no significant influence on the intention to adopt and use mICT in the Libyan construction industry. Therefore, H3 was not supported. H4 was also not supported as perceived credibility of mICT did not demonstrate a significant impact on intention to adopt and use mICT in the Libyan construction industry.


    Perceived mICT self-efficacy had no significant effect on intention to adopt and use mICT in the Libyan construction industry; therefore, H5a was not supported. Perceived mICT self-efficacy did, however, significantly influence perceived ease of use of mICT and perceived usefulness of mICT, so H5b and H5c were both supported. It was proposed that perceived mICT self-efficacy would negatively affect the perceived credibility of mICT (H5d). Perceived mICT self-efficacy did not, however, demonstrate a negative effect on the perceived credibility of mICT but rather had a positive effect; therefore, this hypothesis was not supported.


    Facilitating conditions had no significant direct impact on the intention to adopt and use mICT in the Libyan construction industry, and as a result, H6a was not supported. Facilitating conditions did, however, positively influence perceived ease of use of mICT, so H6b was supported.


    R2 values are measures of the ability of the model to explain the variance in the dependent variables and are reported in Figure 2. The model explained 47.1% of the variability in intention to adopt and use mICT in the Libyan construction industry. The variability in the precursors of intention to adopt and use mICT was also of interest: the model explained 29.4% of the variance in perceived usefulness of mICT, 43.2% of the variance in perceived ease of use of mICT and only 19.1% of the variance in perceived credibility of mICT.


    Finally, a predictive relevance assessment was performed using Stone-Geisser’s Q2 test (Geisser, 1974; Stone, 1974). In this study, a cross-validated redundancy approach was used to obtain Q2, as recommended by Hair et al. (2013). Q2 represents a measure of how well-observed values are reconstructed by the model and its parameter estimates. Q2 > 0 implies that the model has predictive relevance, whereas Q2 ≤ 0 represents a lack of predictive relevance. The outcomes of this assessment showed that the Q2 for intention to adopt and use mICT was 0.350, the Q2 for perceived ease of use of mICT was 0.275, the Q2 for perceived usefulness of mICT was 0.195 and the Q2 for perceived credibility of mICT was 0.159. All Q2 values were above zero and thus suggested that the model had good predictive relevance.


    DISCUSSION


    Libya faces the challenge of reconstructing its infrastructure destroyed by civil war, and mobile technologies can support the construction industry in achieving this. The study described in this paper was carried out to address the need for the successful adoption of mICT in the sector and to investigate factors that may influence it. No previous published research has explored the role of ICT in the construction industry in Libya, so this paper makes a timely contribution.


    A model to explain stakeholders’ intentions to adopt and use mICT was introduced and tested. The factors investigated were perceived usefulness of mICT, perceived ease of use of mICT, perceived high cost of technology, perceived mICT self-efficacy, perceived credibility of mICT and facilitating conditions.


    Intention to adopt and use mICT was found to be directly affected by two key factors, perceived usefulness of mICT and perceived ease of use of mICT, and indirectly influenced by perceived mICT self-efficacy and facilitating conditions. The results, therefore, suggest that when stakeholders in the Libyan construction industry believe that mICT will be useful, they are more likely to intend to adopt and use it. In addition, perceived ease of use of mICT plays an important role. Perceived ease of use of mICT was influenced by both perceived mICT self-efficacy and facilitating conditions and in turn influenced perceived usefulness of mICT and intention to adopt and use mICT.


    The model explained 47.1% of the total variance in the stakeholders’ intended adoption and use of mICT. This finding is consistent with prior studies such as Zarmpou, Saprikis and Vlachopoulou (2010), whose model explained 38.3% of the variability in the intention to adopt mobile services. However, the explanatory power could possibly be increased by including the influence of other factors. For example, Son et al.’s (2012) model of factors that influence the successful implementation of mobile computing devices in the construction industry explained 67% of the variance in the intention to adopt and included social influence. Moreover, other factors related to individual characteristics, such as resistance to change, have been shown to have a significant influence on the success of ICT implementation in the construction industry (Henderson and Ruikar, 2010), so they should be considered in future research.


    The Role of Perceived Usefulness of mICT


    This study revealed that perceived usefulness of mICT plays a significant role in influencing users’ intention to adopt and use mICT in the construction industry. This finding is consistent with other studies such as Son et al. (2012), Luarn and Lin (2005) and Sun, Cao, and Yu (2010), who all found that perceived usefulness had a significant effect on users’ adoption intention and acceptance of mobile technology.


    The Role of Perceived Ease of Use of mICT


    Perceived ease of use of mICT was found to have a significant direct influence on intention to adopt and use mICT and a significant direct effect on perceived usefulness of mICT. The direct relationship between perceived ease of use of mICT and intention to adopt and use mICT is consistent with studies such as Son et al. (2012), Luarn and Lin (2005) and Sun, Cao and You (2010). Likewise, the relationship between perceived ease of use of mICT and perceived usefulness of mICT is consistent with the results of previous studies such as Luarn and Lin (2005), Yaghoubi and Bahmani (2010) and Son et al. (2012), which means that perceived usefulness of mobile technologies in the construction industry increases when stakeholders perceive that mICT technologies are easy to use and that not much effort will be required to use them.


    The Role of Perceived High Cost of Technology


    Perceived high cost of technology was hypothesised to directly influence intention to adopt and use mICT. However, the relationship between perceived high cost of technology and intention to adopt and use mICT was not as expected. Although participants were aware that the price of mICT technologies could be high, they also considered mICT beneficial to their jobs rather than a financial burden. These findings are inconsistent with those of Luarn and Lin (2005), Harindranath, Dyerson and Barnes (2008) and Brewer and Gajendran (2012), as their studies all reported a negative relationship between perceived financial cost and behavioural intention to use mobile technology. This difference may be because in Libya stakeholders are aware that mICT facilities and infrastructure in public sector and government companies are financially supported by the government, and they recognise that mICT can be used to complete work in the construction industry even if there are financial barriers.


    The Role of Perceived Credibility of mICT


    Surprisingly, the results also did not support the proposed direct relationship between perceived credibility of mICT and intention to adopt and use mICT. This result is inconsistent with Sun, Cao and You (2010), who reported that their study supported the findings of Luarn and Lin (2005) and Wang, et al. (2003), who showed that perceived credibility influences the behavioural intention to use mICT. The majority of participants in this study believed that mICT is very secure and did not have concerns about using it for work in the construction industry.


    The Role of Perceived mICT Self-Efficacy


    The results showed that perceived mICT self-efficacy indirectly influenced intention to adopt and use mICT via both perceived ease of use of mICT and perceived usefulness of mICT. These results are consistent with the findings of Wang et al. (2003) and Luarn and Lin (2005). The results also confirm the proposed direct relationship between perceived mICT self-efficacy and perceived credibility of mICT, which is consistent with Wang et al.’s (2003) findings. It was interesting to note that perceived mICT self-efficacy had a similarly strong influence on both perceived credibility of mICT and perceived ease of use of mICT but a weaker influence on perceived usefulness of mICT. This implies that if stakeholders feel confident about their mICT skills, they generally demonstrate a higher perception of credibility and ease of use of mICT; it also suggests that users with high expertise might rate mICT as more secure and easier to use than those with lower expertise.


    Role of Facilitating Conditions


    Consistent with previous studies such as Venkatesh et al. (2003) and Kripanont and Tatnall (2009), the findings of this study did not support the proposed direct relationship between facilitating conditions and intention to adopt and use mICT, even though this relationship was supported by Dwivedi et al. (2007) and Ooi et al. (2011). However, an indirect relationship between facilitating conditions and intention to adopt and use mICT via perceived ease of use of mICT was found, and this provides a possible explanation for the marginal relationship in Lu et al. (2014). Users find mICT easier to use when they have adequate technical support and good communications infrastructure and when there are no compatibility problems; this in turn influences their adoption.


    Practical Implications for the Libyan Construction Industry


    This study has highlighted factors that can impact the success of mICT adoption in the Libyan construction industry. Attention should be paid to these factors by construction organisations in Libya and in other developing countries that plan to adopt mICT. Construction companies could adopt plans to improve construction stakeholders’ self-efficacy with mobile technology and improve project performance by organising training courses in various mobile technologies, thus increasing stakeholders’ familiarity with mICT, which in turn can positively influence the intention to adopt and use mobile technologies.


    In addition, this study recognises the importance of government support for mICT. Libya has been involved in a serious civil war that has destroyed buildings and infrastructure; reconstructing and rebuilding the country is one of the major targets of the government, and innovations such as mobile technologies can support this goal. Understanding the factors that influence successful adoption will help the authorities who are involved in the Libyan construction industry (e.g., the Ministry of Housing and Utilities) to avoid the impediments that can negatively affect the adoption and usage of these technologies. Authorities should provide gateways to disseminate an mICT culture among construction stakeholders by, for example, conducting seminars or disseminating newsletters regarding this technology and expanding training programmes to improve the mICT skills of construction stakeholders.


    The results of this study suggest that the construction industry in Libya is ready to adopt mICT and that the provision of government support will enable a smooth transition.


    CONCLUSIONS


    Work in the construction industry is mainly fieldwork with highly mobile workers. This work can be facilitated by the use of mobile technologies. This study investigated the factors that affect the intention of stakeholders to adopt and use mICT in the Libyan construction industry, and a research model based on the broader technology acceptance literature was developed to provide a framework for the research. The study found that the intention to adopt and use mICT in the Libyan construction industry was directly affected by perceived usefulness of mICT and perceived ease of use of mICT and indirectly affected by perceived mICT self-efficacy and facilitating conditions. This means that the more stakeholders perceive mICT useful as and easy to use, the more likely they are to intend to adopt and use it. Similarly, for perceived mICT self-efficacy, the more stakeholders feel confident about their use of mICT, the more likely they are to intend to adopt and use mICT. Likewise, for facilitating conditions, the more adequate technical support and the fewer compatibility problems stakeholders have using mICT, the more likely they are to find it easy to use and hence adopt it. It was proposed that the cost of the technology would also influence the intention to adopt it, but this was found not to be the case. The model included additional factors that had not been previously tested in the construction domain, and this adds to the understanding of enabling factors in this area in developing countries.


    There are, however, limitations of the research that have implications for future research. First, the participants in the study were drawn from just 15 companies in three cities; a larger sample drawn from more companies across the country would have been more representative. Second, the participants were most likely older and more educated than might be expected in the industry. Possible differences resulting from this could be explored in future research that targets underrepresented groups of stakeholders, possibly through targeted interviews. Additionally, the ability to explain intention to adopt and use mICT could potentially be improved by the addition of other factors to the model. For example, social influence has been shown to have an impact on the decision to adopt mobile computing devices in construction (Son et al., 2012) and may a useful addition that could be explored in future research. Future comparisons of the Libyan construction industry and that in other countries in terms of adopting mICT may also provide valuable insights into how to facilitate successful adoption and use.
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    Abstract: The selection of an appropriate procurement method is becoming an increasingly important issue due to complex decision making that clients are facing early in the lifecycle of construction projects. The aim of this paper is to improve the procurement system in the construction industry by developing a model using the multi-attribute utility theory (MAUT) as a decision support system for the selection of an appropriate procurement method for construction projects in the Gaza Strip. Factors that influence the selection of an appropriate method for construction projects in the Gaza Strip are identified and the results indicate that the most significant six factors influencing the selection of procurement methods in the Gaza Strip construction projects are price competition, degree of project complexity, time constraints of the project, project size, client financial capability and client experience in procurement methods. The study concludes that there is no variety of procurement methods used in the Gaza Strip construction industry, as a traditional procurement method is preferred. This is because most professionals in the Gaza Strip are not familiar or experienced with alternative procurement methods. A model was developed using the MAUT to select the most appropriate procurement method. The MAUT as a decision support system was successful in identifying the appropriate procurement method.


    Keywords: Procurement method, MAUT, Construction project


    INTRODUCTION


    The procurement method with respect to the construction industry can be defined as the organisational structure adopted by the client for the management of the design and construction of a building project (Masterman, 2002). Different procurement methods are used for different construction projects and thus, the correct choice may help to avoid problems and be the key to the attainment of specific project goals (Ojo and Gbadebo, 2012). Moreover, the selection of an appropriate procurement method can reduce construction project costs by an average of 5% and enhance the probability of project success (Naoum, 1994). Conversely, a wrong procurement method often leads to project failure and/or client dissatisfaction (Love, Skitmore and Earl, 1998). Thus, the selection of a procurement system becomes a very important task for clients who have the responsibility to select the most appropriate procurement method for their construction projects. This has become more imperative because the client is faced with various options to procure his project (Ojo, 2012). Many clients have been selecting procurement systems in a cursory manner and some clients even use a specific procurement system by default without making a deliberate choice. A recent study in the United Kingdom found that 89% of respondents were dissatisfied with the procurement system they had previously employed (Hibberd and Djebarni, 1996). Inexperienced clients often must rely on expert advice when selecting a procurement approach, a practice that could result in inappropriate decisions with unforeseeable consequences. Experienced clients may also suffer if they simply base their selection upon biased past experiences and the conservative decisions of their in-house experts or consultants. The selection of an appropriate procurement system is one of the most important problems in the construction sector, but it is also a complex decision-making process due to risks and uncertainties. Moreover, it depends largely on the accurate identification of client requirements. At the time of the decision, however, the clients and stakeholders often have little information and the project plans are not detailed enough for the client to make a judgement about the project with a certainty of outcomes (Tran and Molenaar, 2012).


    Accordingly, the decision to select the appropriate procurement method to implement a construction project is crucial. Although it does not necessarily lead to a successful project when other factors are taken into consideration, it can influence the success of the project (Ojo and Aina, 2010). The use of alternative procurement methods has increased recently due to many factors, including the increase in the complexity and the size of projects, increased owner sophistication and requirements, demand for shorter delivery periods, among others.


    FACTORS INFLUENCING THE SELECTION OF PROCUREMENT SYSTEM


    Several previous studies have identified a number of factors that influence the selection of a procurement system in construction. The selection criteria for project procurement influences which procurement system is most appropriate for a particular project. Because different clients have different needs and requirements, and construction projects vary considerably in every respect, no single procurement system can be suitable for every project (Luu, Thomas and Chen, 2003; Cheung et al., 2001). Moreover, there are certain criteria to establish a profile of client requirements and preferences for the procurement methods, such as speed (during design and construction), certainty, flexibility in accommodating design changes, quality, complexity, risk allocation/avoidance, responsibility, and dispute and arbitration policies (Love et al., 2005). The selection criteria identified as the most common criteria influencing the choice of a procurement method in the Malaysian construction industry are time, controllable variation, complexity, quality, price certainty, competition, responsibility division, risk avoidance, price competition, government policy and client familiarity with the procurement method (Hashim et al., 2006), whereas the results indicate that there are nine procurement selection criteria commonly used by Australian clients, namely, speed, time certainty, price certainty, complexity, flexibility, responsibility, quality, risk allocation and price competition (Thomas, Luu and Chen, 2001). No single procurement system can be applied universally on all construction projects, as each procurement system is chosen for a particular project based on certain criteria used when selecting a procurement system. Those criteria include the following: time (speed), quality, risk allocation/avoidance, flexibility to change design during both design and construction periods, responsibility, complexity, price competition, certainty of cost and time, disputes and arbitration, project type, client experience, availability of experienced contractor, the willingness of a client to be actively involved, project site location, client trust in other parties, political constraints, project size, regulatory impact, market competitiveness, client requirement regarding value for money, material availability and client financial capability.


    The principal factors and criteria that influence the selection of a procurement system include the willingness of the client to be actively involved, flexibility to change design during both design and construction periods, risk allocation/avoidance, project size, client experience, certainty of cost and time, availability of experienced contractor, client trust in other parties, client requirement regarding value for money and project type (Onosakponome et al., 2011). However, the decision is not easy, as there are many factors that affect the project procurement method decision. These factors are related to time, cost, scope, quality, owner organisation, cash flow, project characteristics, risk and relationships. It is important that donors, clients and consultants understand these factors, as doing so will assist them in making the right choice regarding a procurement method for their projects (Sayegh, 2007).


    When project clients, consultants and decision makers are selecting a procurement system for a project, their previous experiences play an influential role in their decisions. Accordingly, this study seeks to determine the primary criteria clients use when selecting procurement systems (Shiyamini and Rameezdeen, 2006).


    With respect to the Gaza Strip construction industry, project procurement appears to be a key area in need of substantial development. From our perspective, the majority of the public and private construction projects are procured through a traditional procurement system, especially with respect to measure and pay, and given that the number of different types of procurement systems used in Gaza is less than that of other countries. The traditional system with measurement contract methods are also widely used throughout the Middle East, with the exception of Iran and Iraq. For example, Bahrain, Egypt, Jordan, the UAE, Qatar, Oman and Saudi Arabia use this method in most of their construction projects as part of the tender and contract documentation (Rosli et al., 2006). Therefore, there is a need to explore new ways to procure construction projects. Furthermore, in the Gaza Strip, the practice of procurement selection seems to be rather unstructured and ad hoc as no logical or consistent approach is used to select an appropriate procurement system for a particular project. Therefore, the development and implementation of such an approach for the selection is essential to aid clients and consultants in selecting the most appropriate procurement system. Hence, this study aims to enhance the procurement system in the Gaza Strip by supporting the clients and consultants as they seek to an appropriate procurement method for their construction projects. The main objectives of this study are as follows:


    
      	To study and investigate the major practices of variant types of procurement methods used in the Gaza construction industry.


      	To identify the most common factors that affect the selection of a procurement method for construction projects in the Gaza Strip.


      	To identify and rank the most important key factors affecting the selection of a procurement method according to the clients and their perspectives.


      	To develop a framework for the selection of a procurement method in the Gaza Strip.

    


    DEFINITIONS OF PROCUREMENT METHOD


    Since this study relies primarily on investigating the key factors influencing the selection of procurement methods, it is necessary to establish the definitions of the procurement method.


    Mathonsi and Thwala (2012) stated that the procurement method is a contemporary term that is known to practitioners and researchers of the construction industry by different terms. These include terms such as project approach, procurement system, procurement delivery method and project delivery system. Masterman (2002) argues that there is a need to accept that contemporary procurement methods can now embrace not only the design and construction of a project but can now also embrace the financing, operating, facilities management, etc. of a project. The following definitions best define a procurement method:


    
      	It is an organisational structure adopted by the client for the implementation and, at times, the eventual operation of a project (Masterman, 2002).


      	It is a comprehensive process by which designers, constructors and various consultants provide services for design and construction to deliver a complete project to the client (Molenaar et al., 2009).


      	It is a key means through which the clients create the pre-conditions for the successful achievement of project-specific objectives (Rameezdeen and Ratnasabapathy, 2006).


      	A procurement method (sometimes known as procurement system) “is an organisational system that assigns specific responsibilities and authorities to people and organisations and defines the various elements in the construction of a project” (Love et al., 1998: 222).

    


    In conclusion, there is no specific definition of the procurement method. However, it seems more practical to say that the whole delivery system of a project is concerned when we address procurement.


    TYPES OF PROCUREMENT METHODS


    Davis, Love and Baccarini (2008) claim that a plethora of methods for procuring construction projects are available to meet the needs of clients. Deciding which method to use for a given project is a difficult and challenging task, as client objectives and priorities must align with the selected method to improve the likelihood of the project being procured successfully. The decision as to what procurement method should be adopted must be made as early as possible and underpinned by the business case of the client for the project. The risks and the potential effect on the business of the client should be considered. Davis et al. (2008) classified procurement systems into the following two major categories:


    
      	Traditional procurement methods (separated)


      	Non-traditional procurement methods that include the following three methods:

        a. design and construct procurement method (integrated)


        b. management procurement method (packaged)


        c. public private partnership procurement method

      

    


    Mathonsi and Thwala (2012) explain that the traditional method is called traditional because it has been in existence for such a long time and has been the only choice available for most clients of the construction industry for many years. Davis et al. (2008) stated that in the traditional approach, the employer accepts that design work is generally separate from construction. In other words, consultants are appointed for design and cost control and the contractor is responsible for performing the work. Over the past several years, the construction industry has experienced changes in a manner never observed before. The increased size and complexity of the construction projects, the financial challenges, the political and social considerations and the information technology are just some of the changes that have occurred. These changes have led to the development of alternative procurement systems other than the traditional one. Although the non-traditional procurement systems seem to be preferred by most clients of the construction industry, it must be emphasised that there is not yet a specific method used to select the most appropriate procurement method.


    Natasa and Car-Pušić (2008) contend that many clients today are increasingly dissatisfied with the traditional approach and its operational characteristics and thus, they are actively seeking alternative methods of procurement, organisation and management to meet the increasingly complex demands.


    Masterman (2002) defines a non-traditional procurement system as a diversified contemporary procurement system(s) that not only considers design and construction but also considers financing, operating and facility management. Furthermore, he defines the design and constructs procurement method as, “an arrangement where one contracting organisation takes sole responsibility, normally on a lump sum fixed price basis, for the bespoke design and construction of a client’s project”.


    Mathonsi and Thwala (2012) explain that the design and construct procurement method is a system where one organisation, usually but not exclusively the contractor, takes responsibility for the design and construction of the project, at least in theory. The client deals only with one organisation. Davis et al. (2008) contends that according to the design and construct procurement method, a contractor accepts responsibility for some or all of the design. Similarly, El Wardani (2004) clarifies that in the design and construct contract, there is usually a single point of responsibility. Thus, the employer has the advantage of having to address only one firm and as a consequence, only one firm to blame if things go awry. In practice, the employer’s requirements are detailed to the extent that the design contribution and liability of the contractor are diminished.


    Mathonsi and Thwala (2012) posit that under a management-oriented procurement system, the management of the project is performed by an organisation working with the designer and other consultants to produce the designs and manage the physical operations that are then executed by the contractors. Davis et al. (2008) state that several variants of the management procurement method exist, including management contracting, construction management, and design and manage. There are some subtle differences among these procurement methods. With respect to contract management, the contractor has direct contractual links with all the contractors and is responsible for all construction work. In construction management, a contractor is paid a fee to professionally manage and oversee the project, develop a programme, coordinate the design and construction activities and facilitate collaboration to improve the project’s constructability.


    Larmour (2011) explains that the public private partnership procurement method involves two or more organisations working together to improve performance by agreeing to mutual objectives, devising a way to resolve disputes and committing themselves to continuous improvement by measuring progress and sharing in the gains and the losses. Examples of this method include framework agreements and joint ventures. Table 1 clarifies advantages and disadvantages and suggests when each procurement method should be used.


    Table 1. Advantages and Disadvantages for Each Type of Procurement Method


    
      
        	No.

        	Procurement Method

        	Advantages

        	Disadvantages

        	When to Use
      


      
        	1

        	Traditional procurement method

        	
          a. Accountability as the result of competitive selection


          b. Competitive equity


          c. Price certainty at the award of the contract


          d. Variations (changes) in the contract are relatively easy to arrange and manage


          e. A tried-and-test method of procurement with which the market is familiar

        

        	
          a. Process to produce the full contract is timely


          b. Overall project duration may be longer than other procurement methods


          c. The contractor has no input into the design or planning of the project

        

        	
          a. The programme allows sufficient time


          b. Consultant design is warranted


          c. The client wishes to appoint separate designers and contractors


          d. Price certainty is wanted before the construction begins


          e. Product quality is required


          f. The balance of risk is shared between the client and the contractor

        
      


      
        	2

        	Design and construct procurement method

        	
          a. Client addresses one firm, thus reducing the need to commit resources and time to separate contracting designers and contractors


          b. Price certainty is obtained before construction commences


          c. Overlap of design and construction activities can reduce project time


          d. Improved constructability due to the input of the contractor into the design

        

        	
          a. Client may experience difficulties when preparing an adequate comprehensive brief


          b. Client changes to project scope can be expensive


          c. Difficulty comparing bids because each design is different


          d. Client is required to commit to a concept design at an early stage


          e. Design liability is limited to the standard contracts that are available

        

        	
          a. Building is functional rather than prestigious


          b. Building is simple rather than complex and it does not require technical innovation


          c. Brief for scope design is likely to change


          d. Programme can be accelerated by overlapping design and construction activities


          e. Single organisation is required to take responsibility and risk for design and construction

        
      


      
        	3

        	Management procurement method

        	
          a. The client addresses only one firm


          b. Potential for time savings for the overall project as design and construction activities overlap


          c. Works packages can be let competitively at current prices


          d. Improved constructabil ity through constructor input into the design


          e. Roles, risks and responsibiliti es for all parties are clear


          f. Flexibility for changes in design

        

        	
          a. Price certainty is not achieved until the final works package has been let; client must be informed and proactive


          b. Poor price certainty


          c. Time and information control is required

        

        	
          a. The project is large, complex, fast moving and early completion is desired


          b. The client has a considerable degree of flexibility regarding design matters


          c. The project required effective cost control


          d. The client must provide a good quality brief to the design team

        
      

    


    Although there are many procurement systems, most of the clients prefer to use the traditional method due to its known methodology and simple application. Some clients, however, do tend to use different procurement systems when they have a special type of project. There is no specific method to follow when attempting to identify which procurement method should be employed.


    Local Studies


    Enshassi and Modough (2012) claim that a project can be procured using different procurement methods ranging from single source procurement, such as direct hiring, negotiation and restrictive bid, to open competition procurement. A client may select a contractor through competitive bidding, such as the lowest-bidder system and the non-lowest-bidder system. Regardless, the procurement type is a critical decision because it defines the method to be used when selecting the key player in the project, which is the construction firm that is expected to deliver the project. Thus, this decision greatly impacts performance because if the construction firm is not qualified or is unable to achieve the project goals, serious problems may arise during and after construction.


    Different procurement systems with different evaluation criteria have been developed to assist client during the contractor selection process. The main advantage of these methods and evaluation systems is that they provide a systematic and objective procurement approach that considers numerous factors other than the bid price.


    The findings obtained from three case studies in the Gaza Strip indicate the existence of a proportional relation between awarding bids to the lowest bidder and the problems encountered during implementation when using a traditional procurement method. The three cases in this study awarded contracts to the lowest bidding contractors and the results reveal the following problems: a considerable delay in the project handover, disputes among the project partners, claims of the contractor against the client that led to disputes, poor quality of certain items and an increase in the final project cost.


    Accordingly, there is a need to change the traditional system for the selecting of contractors and the awarding of contracts from the lowest bid selection practice to a multi-criteria selection practice. This can be implemented by establishing alternative procurement methods to select contractors based on technical and financial criteria.


    The World Bank Country Procurement Assessment Report, West Bank and Gaza (World Bank, 2004) reveals that the most used procurement methods for works and goods are national competitive bidding (NCB) and shopping (Table 2).


    Moreover, with respect to national shopping (NS), in many cases, (1) municipalities do not use written invitations to solicit quotes or bids, (2) local governments do not prepare quotation evaluation reports and do not issue purchase orders but rely instead on the quotes opening minutes and committee decisions and (3) the values of some contracts exceed the NS thresholds.


    With respect to NCB, (1) for most projects during the period of the intifada, the time allowed to bidders to submit bids was much less than the 30 days required under the trust fund agreement and (2) with regards to the ministry of health component, more than one bid submission place address and bid opening address were listed in the bidding documents.


    Ultimately, Sole Source (Direct Contracting) was used, even though the trust fund agreement did not stipulate its use and no-objections were sought. Procurement documents noted that, in many cases, key information was missing.


    Table 2. West Bank Project Cost by Procurement Method


    
      
        	Type

        	
          Procurement Method

        

        	
          Total Financing (USD Million)

        
      


      
        	
          ICB

        

        	
          NCB

        

        	
          Other

        

        	
          NBF

        
      


      
        	
          USD Million

        

        	
      


      
        	Works

        	
          12.60

        

        	
          170.24

        

        	
          50.98

        

        	
          1.17

        

        	
          234.99

        
      


      
        	
          0.00

        

        	
          103.31

        

        	
          41.37

        

        	
          0.00

        

        	
          144.68

        
      


      
        	Goods

        	
          9.37

        

        	
          2.67

        

        	
          5.59

        

        	
          0.16

        

        	
          17.79

        
      


      
        	
          4.37

        

        	
          1.57

        

        	
          6.96

        

        	
          0.00

        

        	
          12.90

        
      


      
        	Services

        	
          11.52

        

        	
          0.60

        

        	
          9.49

        

        	
          2.53

        

        	
          24.14

        
      


      
        	
          10.52

        

        	
          0.60

        

        	
          8.50

        

        	
          0.00

        

        	
          19.62

        
      


      
        	Miscellaneous

        	
          0.00

        

        	
          2.63

        

        	
          29.34

        

        	
          9.89

        

        	
          41.86

        
      


      
        	
          0.00

        

        	
          2.63

        

        	
          27.85

        

        	
          0.00

        

        	
          30.48

        
      


      
        	Total

        	
          33.49

        

        	
          176.14

        

        	
          95.40

        

        	
          13.75

        

        	
          318.78

        
      


      
        	
          14.89

        

        	
          108.11

        

        	
          84.68

        

        	
          0.00

        

        	
          207.68

        
      

    


    Note: ICB = international competitive bidding; NBF = national bidding finance

    Source: World Bank (2004)


    DEVELOPING A FRAMEWORK


    The selection of the most appropriate procurement method to implement a construction project is crucial. Although it does not necessarily lead to a successful project, when other factors are taken into consideration, the procurement method can influence the success of the project. That said, it is observed that clients and consultants in the Gaza Strip do not have a specific procedure for selecting the best procurement method to implement their construction projects, but rather, they base their decision on familiarity with a particular method. Hence, clients use procurement methods compatible with their corporate environments, which mean that most clients in the Gaza Strip use the traditional procurement method because they lack the relevant experiences and are unfamiliar with other non-traditional methods. This lack of awareness of alternative methods is largely because there is no theoretical framework from which to derive either an ideal or optimum approach to select the most appropriate procurement method.


    Hence, one of the objectives of this study is to develop a framework using the multi-attribute utility theory (MAUT) as a decision support system for the selection of an appropriate procurement method for construction projects in the Gaza Strip. The conceptual framework of the MAUT matches the prioritised factors of the client with the benchmarked performance of the procurement methods, thus identifying the selection criterion (utility coefficient) to be used to select the appropriate procurement methods for the various construction projects in the Gaza Strip.


    MAUT Approach


    Fellows et al. (1983) states that a MAUT is a methodology that can be used as a tool to measure objectivity in an otherwise subjective area of management. As a procurement system is the overall managerial approach by which a client commissions and obtains a project, the MAUT is considered the foremost technique appropriate for examining the criteria of clients, the preferences of procurement experts and the weights of consultants for each method in the most objective way. By indicating the relative utility of each client requirement and the procurement method against a numerical scale, it is possible to obtain a set of utility factors.


    The MAUT is used primarily to solve complex problems that involve the consideration of several criteria in relation to different outcomes. The decision makers assess the values of the possible outcomes based on utility, i.e., the relative desirability of each possible outcome.


    Ojo and Aina (2010) illustrate that the MAUT involves these four steps:


    
      	The client weights the relative importance of each significant factor that affects the selection of the procurement method.


      	Rationalised priority ratings are calculated by dividing each of the priority ratings by the sum of all the ratings and are then entered into the decision chart. The sum of the rationalised priority ratings should always be equal to 1.


      	Each rationalised priority rating is taken in turn and multiplied by each of the utility factors and the results are then entered into the appropriate columns.


      	The totals of each of the result columns under each procurement method are calculated and ranked in descending order. The most appropriate procurement method is the method with the highest total.

    


    DATA COLLECTION PROCEDURE


    A survey questionnaire is designed to obtain further information to support the study objectives and it is based on the identified main and sub-factors that affect the selection of the best procurement method for construction projects in the Gaza Strip. Furthermore, it is intended to assist in the formulation of a model for the selection of procurement methods. After the preliminary testing of the questionnaire, a pilot study was conducted to evaluate the questionnaire. The validity and reliability tests were conducted according to the pilot study. Procurement specialists and engineers from consulting offices were involved in the decision of selecting a procurement method because of their experiences in procurement management for large construction projects in the Gaza Strip. The selected experts were asked to prioritise the factors that influence the selection of a procurement method based on a Likert scale. According to the results of the sample sizes, 68 organisations, i.e., 29 procurement experts and 39 consultants from consulting offices of engineers of the first class, responded to the survey. The data were then analysed using the Statistical Package for Social Sciences (SPSS) and the factors were ranked according to the relative importance index (RII). The factors with an importance index equal to or above 81% were recognised as important significant factors to be used in the factor analysis based on the consensus of the respondents.


    Based on the analysis of the questionnaire results, 10 factors were identified as significant important factors affecting the selection of the procurement method for construction projects in the Gaza Strip. These factors include price competition (RII = 89.80%), degree of project complexity (RII = 88.60%), time constraints of the project (RII = 87%), project size (RII = 86.20%), client financial capability (RII = 85.80%), client experience in procurement methods (RII = 85%), availability of qualified personnel (procurement expert) (RII = 84.80%), risk avoidance/allocation (RII = 83.20%), project type and nature (RII = 82%) and availability of procurement system in the local market (RII = 81.40%). The most common procurement method selected by the respondents from construction projects in the Gaza Strip was a traditional procurement method, i.e., separated method, which represents approximately two-thirds (69.10%) of the total sample. This high percentage is a negative indicator in that its intimates that there is no variety of procurement methods selected and used in construction projects in the Gaza Strip.


    Furthermore, the results reveal that 75% of the respondents are familiar with the traditional procurement method and that this method is widely used, known and spread throughout different organisations in the Gaza Strip, whereas only 25% of the respondents are familiar with other procurement methods.


    Data Analysis


    Considering a decision-making problem with M alternative procurement methods and N significant factors whereby the alternative procurement methods are denoted as ai (for i = 1, 2, 3, M) for significant factors and as Cj (for j = 1, 2, 3, N). The decision maker knows the performance values of aij (for i = 1, 2, 3, M; and j = 1, 2, 3, N) of each procurement method in terms of each of the significant decision factors. Furthermore, for each significant decision factor, the decision maker has determined its relative importance and it is denoted as Cj. Finally, the relative importance of the N factors satisfies the following normalisation constraint:


    [image: art]


    This is termed the rationalised priority rating and is calculated as:
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    where RIp is the RII, which is used to calculate the performance of the alternatives procurement methods by an additive utility, i.e., the weighted sum model, of the following form:


    [image: art]


    For i = 1, 2, 3, M, Pi is the preference value of procurement method, aij (i = 1, 2, 3, M) when all the significant important factors are considered simultaneously. For the maximisation case in this study, the best alternative is the one that has the largest preference value. Table 3 presents the rationalised priority rating (Cj) of the respondents.


    In an additional study, respondents, i.e., procurement specialists and engineers from consulting offices, were asked to rate the suitability of procurement methods to achieve a selection factor based on main factor groups using a Likert scale that ranged from 1 to 10. A rating of 1 indicates extremely low suitability to achieve a selection factor and a 10 indicates extremely high suitability to achieve a selection factor. The procurement methods considered were those being applied in the Gaza Strip, such as the traditional procurement method, design and build procurement method, management procurement method and public private partnership procurement method (BOT method). The benchmark performance values (aij) of these procurement methods are then calculated and the totals of each of the results columns for each procurement method are calculated and ranked in descending order. The most appropriate procurement method is the method exhibiting the highest total.


    Table 3. Rationalised Priority Rating by Respondents (Cj)


    
      
        	No.

        	Factor

        	
          Respondents

        
      


      
        	
          RII (%)

        

        	
          Cj

        
      


      
        	1

        	Price competition

        	
          89.80

        

        	
          0.105

        
      


      
        	2

        	Degree of project complexity

        	
          88.60

        

        	
          0.104

        
      


      
        	3

        	Time constrains of project

        	
          87.00

        

        	
          0.102

        
      


      
        	4

        	Project size

        	
          86.20

        

        	
          0.101

        
      


      
        	5

        	Client’s financial capability

        	
          85.80

        

        	
          0.101

        
      


      
        	6

        	Client’s experience in procurement methods

        	
          85.00

        

        	
          0.100

        
      


      
        	7

        	Availability of qualified personnel (procurement staff)

        	
          84.80

        

        	
          0.099

        
      


      
        	8

        	Risk avoidance/allocation

        	
          83.20

        

        	
          0.097

        
      


      
        	9

        	Project type and nature

        	
          82.00

        

        	
          0.096

        
      


      
        	10

        	Availability of procurement system in the local market

        	
          81.40

        

        	
          0.095

        
      


      
        	

        	Total

        	
          853.80

        

        	
          1

        
      

    


    MAUT Application


    Two forms were used to apply the MAUT. In the first form, procurement experts are asked to rate the suitability of the procurement methods to achieve each significant factor based on a Likert scale. The second form was developed based on the feedback of consultants to calculate the benchmark performance values (aij) of different procurement methods to identify the most appropriate procurement method for the construction project.


    MAUT Verification


    The verification and validation of the MAUT are essential parts of the conceptual framework development process if the MAUT is to be accepted and implemented as a decision support system, as validation ensures that the theory meets its intended requirements in terms of the methods employed and the results obtained.


    Verification Cases


    Two cases were considered to evaluate the MAUT verifications and to measure the accuracy and strength of the MAUT in selecting the most appropriate procurement method. Three procurement experts participated in the Coastal Municipalities’ Water Utility project for Case 1 and three consultants participated in The Islamic University Gaza project for Case 2.


    Case 1: Design and build of Wadi Gaza wastewater treatment plant


    The following case presents the results of the verification of the MAUT. Three procurement experts participated in the Coastal Municipalities’ Water Utility project. The design and build procurement method was selected for this project. The contract value for this project was USD1,304,000.00 with a project duration of 365 calendar days. The project was completed in 2013. The three experts were asked to rate the suitability of the procurement methods to achieve each significant factor using a Likert scale. The results are presented in Table 4. Table 5 displays the weighted sum model results for the selection of the most appropriate procurement method.


    From the results presented in Tables 4 and 5, the weighted sum model results based on procurement experts revealed that the design and build procurement method was the most appropriate procurement method with a preference value of Pi = 8.34. The management procurement method was ranked as the second most appropriate procurement method, with a preference value of Pi = 7.88. This means that if a client has a construction manager, he (the client) can consider the management procurement method. The traditional system was ranked as the third most appropriate procurement method for this project, with a preference value of Pi = 7.76 and the public private partnership procurement method was ranked as the least appropriate procurement method, with a preference value of Pi = 7.25.


    The procurement manager of this project was later been asked about the performance of the project with respect to procurement issues. The procurement manager confirmed that this method was the most appropriate option for the project, thus verifying the MAUT approach.


    Case 2: Construction of continuous medical education centre at The Islamic University Gaza


    The second case that was used to verify the MAUT was to construct a continuous medical education centre at The Islamic University Gaza. This project was completed in 2010 and constructed under the supervision of the engineering office. The MAUT verification was conducted by selecting three external consultants for this project. The traditional procurement method combined with the measure and pay method was selected for this project. The contract value of this project was USD309,000.00 and the project duration was 120 calendar days. The three external consultants were asked to rate the suitability of the procurement methods to achieve each significant factor based on a Likert scale. The results, presented in Tables 6 and 7, reveal the weighted sum model results for the selection of the appropriate procurement method.


    From the data presented in Tables 6 and 7, it was concluded that the weighted sum model results obtained from consultants revealed that the traditional procurement method was the most appropriate procurement method option to implement in this project with a preference value of Pi = 7.88. The management procurement method was ranked the second most appropriate procurement method with a preference value of Pi = 7.73 and the design and build method was ranked the third most appropriate procurement method for this project with a preference value of Pi = 7.41. Again, the public private partnership procurement method was ranked the least appropriate procurement method with a preference value of Pi = 7.34, thus verifying the MAUT theory.


    Table 4. The Average Benchmark Performance Values (aijaver.) of Procurement Methods (Case 1)
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    Table 5. The Weighted Sum Model Results for the Selection Appropriate Procurement Method (Case 1)
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    Table 6. The Average Benchmark Performance Values (aijaver.) of Procurement Methods (Case 2)
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    Table 7. The Weighted Sum Model Results for the Selection Appropriate Procurement Method (Case 2)
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    A FRAMEWORK DEVELOPMENT


    The main objective when designing the conceptual framework is to assist a decision maker in the procurement method selection. The framework facilitates the following:


    
      	Assists clients and their representatives in the initial decision when making an appropriate procurement selection for their construction project.


      	Ensures a systematic and consistent approach in the procurement selection through the application of relevant research methods.


      	Provides a better understanding of the selection criteria that affect the procurement selection and various types of alternative construction procurement systems in practice.


      	Provides a report on a ranked list of procurement systems.

    


    A framework was designed for construction clients and/or their consultants, particularly for those who use an unrealistic method to select the appropriate procurement system and are responsible for the selection process. This framework guides the selection of the most appropriate procurement system for a particular type of construction project by not only considering the requirements of clients and the profile of the project but also the impact of the external environment on procurement selection. In this way, it is possible to ensure that the project is procured in an efficient and effective way that adds value for the client. The development of the model consists of three main phases, namely: (1) the database input phase, (2) the process and modelling the factors phase and (3) the data base output phase. Figure 1 presents a conceptual framework for the selection of an appropriate procurement method.


    
      [image: art]


      Figure 1: Framework for the Selection of an Appropriate Procurement Method

    


    CONCLUSIONS


    There are 12 influential factors/criteria affecting the selection of procurement methods in construction projects in the Gaza Strip. It was concluded that both procurement specialists and consultants from the offices of engineers generally agree on the importance of factors affecting the selection of a procurement method. Both the conventional (traditional) and non-conventional procurement methods are currently embraced in the Gaza Strip and approximately two-thirds of the construction projects are executed using variants of the traditional procurement method, whereas other procurement methods are used infrequently. The Gaza Strip construction sector continues to exclusively use traditional methods. This presumably due to procurement staff and consultants who are well familiar with the traditional methods, a familiarity that is based on the longevity of the traditional procurement systems in the Gaza Strip construction industry.


    It seems that the current procurement methods (traditional) have directly contributed to projects exceeding their estimates and bids in terms of cost and time, suggesting that this method is unsuitable for a modern, progressive construction industry in Gaza.


    Among the variant types of traditional procurement methods, a measurement method based on the bill of quantities has exhibited the highest selection share. The popularity of this method is mainly due to the governmental influence on the construction industry in the Gaza Strip.


    It is concluded that the combination of a national culture and an organisational culture during construction in Gaza created an environment that did not favour the use of new procurement methods. The organisational culture of construction in Gaza was characterised by the separation of design and construction from the colonial days. The construction professionals were found to be feminine collectivists, a mixed culture that did not challenge the status quo. Thus, there was no room to experiment with new procurement methods in the Gaza Strip construction industry.


    The MAUT is a decision support system that was developed to help clients select the appropriate procurement method and as such, the model demonstrated the ability to identify the appropriate procurement method.
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    Abstract: The importance of the construction industry in Saudi Arabia cannot be overemphasised, as it provides the infrastructure required for other sectors of the economy to grow, thus reflecting the level of economic development in the country. However, in Saudi Arabia, the construction industry is among the most hazardous, with a high level of accidents and fatalities. This study examines health and safety practices in the construction industry of Saudi Arabia and identifies opportunities for improvement. It also discusses the safety climate. The study adopted a quantitative approach in which a survey questionnaire was distributed and returned at a 60% response rate. The survey data were analysed using descriptive statistics with SPSS statistical software. The findings show that the Saudi Arabia construction industry has made improvements in health and safety standards; however, there are opportunities for further improvement. There are on-going efforts to maintain reasonable health and safety standards for employees on-site, but conditions off-site, particularly those of migrant employees on fixed-term labour contracts, are difficult. Unpaid wages and lack of welfare facilities contribute to physical and psychological stresses that are linked to impaired on-site performance, lack of motivation, lack of productivity and a lack of interest in adhering to health and safety guidelines. The study concludes that it is possible to improve health and safety in the construction industry through the effective enforcement of existing health and safety laws, enacting legislation regarding off-site health and safety for migrant workers, maintaining a fund for social security, and improving the regulation of commercial and contractual transactions. This study contributes to the knowledge of government policy and decision making in implementing health and safety regulations in the construction industry.


    Keywords: Health and safety practices, Kingdom of Saudi Arabia, Safety climate and welfare


    INTRODUCTION


    The construction industry is both economically and socially important. It provides the infrastructure required for the economy to grow, thus reflecting the level of economic development of the country (Cole and Lorch, 2003; Hasan, 2011). However, the construction industry is also recognised to be hazardous (Farooqui, Arif and Rafeeqi, 2008). In Saudi Arabia, the construction industry is classified as a high-risk industry, with a high level of accidents and fatalities. The Saudi construction sector provides employment for over one million workers and accounts for almost 14.4% of the country’s 7.3 million-person labour force (Ramady, 2010). Many of those who work in construction confront dangerous working environments and exploitative work practices. The role of health and safety is to address both the physical and psychological well-being of workers on construction sites and other persons whose health is likely to be adversely affected by construction activities (Dryzek and Schlosberg, 2005).


    Because of the high accident rate in the construction industry, the Ministry of Labour introduced Safety Management Regulations on 24 November 1999 that are applicable to the construction industry (Saudi Ministry of Labour, 2000). Unfortunately, the enforcement of safety regulations is not widespread. The industry is characterised by lax implementation of commercial and contractual laws. The traditional approach to solving problems related to labour shortages is to recruit fixed-term contract labour as cheaply as possible from underdeveloped nations rather than create a permanent labour pool. As a result, there is a critical need for sustained and continuous improvement in health and safety in the construction industry. This study therefore aims to examine health and safety practices of the construction industry in Saudi Arabia and to identify means of facilitating improvements within these practices. To address these aims, the following objectives were established:


    
      	To examine the concept and importance of health and safety in the construction industry, including existing regulations, policies and measures through a critical review of the literature.


      	To investigate perceptions and attitudes regarding health and safety at Saudi Arabia construction sites by conducting a questionnaire survey with workers and managers.


      	To analyse data from the responses to the questionnaire survey to determine industry trends regarding health and safety practices in the construction industry in Saudi Arabia.


      	To discuss and conclude how to best improve health and safety in the Saudi Arabia construction industry.

    


    LITERATURE REVIEW


    According to Hughes and Ferrett (2016), the term ‘safety’ refers to an absence of danger and is often partnered with the term ‘health’ within the context of work in general, including construction work. Because health and welfare are of concern to society, an employer has a responsibility to ensure that there are minimal risks to the health and safety of employees so that individuals, families and society at large can receive protection and remain free from injuries and fatalities. There is global concern for health and safety in construction, and many nations have enacted laws and regulations to emphasise health and safety in various occupations based on recommendations of international organisations, including the International Labour Organisation (ILO) (Coble, Haupt and Hinze, 2000). Therefore, a need exists to ensure that these laws and regulations are effective and practical.


    Research presented by Jannadi and Assaf (1998) suggests that the safety and health of construction workers have always been important in Saudi Arabia. The larger and more professional organisations in Saudi Arabia, including firms such as Saudi Aramco and Saudi Basic Industries Corporation (SABIC), emphasise excellence in worker health and safety, but smaller construction firms perform relatively poorly (Jannadi and Al-Sudairi, 1995; Jannadi and Assaf, 1998). Jannadi and Assaf (1998) called for the enactment of a safety code for the construction sector in Saudi Arabia. This was apparently implemented in collaboration with the International Code Council for safety in construction (IHS Construction Solutions, 2007). However, even if laws and regulations for health and safety exist, they are not always implemented efficiently to effectively address the problems that they were designed to solve. Although precise and comprehensive statistics for safety and health in the Saudi Arabia construction industry are lacking, Jannadi and Bu-Khamsin (2002) suggest that even in Saudi Arabia, organisations involved in construction cannot avoid responsibility for safety because construction activities occur on their sites. Jannadi and Bu-Khamsin (2002) conclude that a consensus exists amongst construction contractors in Saudi Arabia that management involvement, personal protective equipment, and emergency disaster planning and preparation are essential for construction safety, but nationwide statistics related to construction safety and health are lacking.


    Baig (2001) presents a discussion on construction safety in the Eastern Province of Saudi Arabia, with the frequencies of injury and accidents in selected firms reported based on a survey. Nevertheless, there are no authoritative data available from the government of Saudi Arabia that measure injury and deaths in the construction sector. Thus, if the government does not maintain statistics for injuries, accidents and deaths, enforcing regulatory action will be difficult.


    The Basic Law of Governance document of Saudi Arabia clearly states that the basis of government is a premise of justice, consultation and equality in accordance with Islamic Shari’ah law (Middle East Info, 2011). Chapter 8 of the Saudi Labour Law addresses the “Protection Against Occupational Hazards, Major Industrial Accidents and Work Injuries, and Health and Social Services” in the Kingdom. It is possible to sue an employer who has been negligent in adequately providing for an employee in a Saudi Labour or Shari’ah court (Gulf Talent, 2008). A comprehensive social security and benefit system exists for those who are nationals of Saudi Arabia, but migrant workers are not entitled to receive protection under this system because the governments of the countries of which they are citizens must look after them (World Law Guide, 2010). Although the government has attempted to ensure that an obligation exists on the part of all those involved in construction to ensure safety and health, there are always opportunities for improvement.


    It is clear that construction safety legislation and its enforcement are important for enhancing health and safety in the construction industry. Even more crucial is how to effectively implement and enforce those laws. The safety and health provisions enshrined in the Saudi Labour Law is fair and comprehensive (O’Kane, 2010; Ministry of Labour, Kingdom of Saudi Arabia, 2011). The Saudi Labour Law requires employers to maintain the workplace in a clean and hygienic condition and to comply with other rules, measures and standards of occupational protection, and health and safety in accordance with the Minister’s decisions. However, it is pertinent to ask if this requirement extends to the living quarters of workers sponsored by an employer to work in Saudi Arabia because most complaints are about the living quarters of sponsored workers. The Saudi Labour Law stipulates that employers take the necessary precautions to protect workers against occupational diseases, hazards and to provide work safety and protection. Employers must post instructions related to work in a language that the workers understand at prominent locations, and they must inform workers about hazards associated with their work. Article 123 of Part VIII of the Saudi Labour Law requires the provision of protective equipment and appropriate personal gear as well as the training of workers to avert hazards. Article 124 obliges workers to use this protective gear to ensure safety. Article 125 requires employers to take precautions against fires and Article 126 obligates employers to act appropriately to protect all those who are not employees but who must enter work locations. Articles 132–144, Part VIII of the Saudi Labour Law highlights work injuries and occupational diseases that workers may acquire unintentionally while working for an employer (Ministry of Labour, Kingdom of Saudi Arabia, 2011, see especially Labour Law – Part VIII). Those with work injuries or occupational diseases must receive treatment at the expense of the employer with full pay for the first 30 days and then at 75% of their salary for the duration of treatment.


    Apart from health and safety legislation, it is important to know why construction accidents occur to help improve accident prevention. Poor safety management and the failure to control risk during construction activities may lead to accidents or injuries. Effective safety management is essential to prevent accidents and deaths. Safety contributes to productivity because in a safe work environment, workers are able to focus on their jobs. The major causes of accidents have been identified and can be attributed either to unsafe design or site practices. Accidents can arise from different causes, which can generally be classified as physical incidents posing hazardous situations and behavioural incidents caused by unsafe acts (Kartam 1997). Thus, an underlying belief is that accidents are not entirely caused by careless workers but sometimes occur due to failure in control, which is ultimately the responsibility of the management. Debobbeleer and Beland (1991) reviewed the safety climate and noted that management commitment and worker involvement were the two most important factors. Flin et al. (2000) reviewed 18 sources and determined that the common features of a safety climate are related to management, safety systems and risk. This raises the question of what a safety climate is.


    Safety Climate


    The term safety climate was introduced by Zohar (1980) in his research study. He defined safety climate as “a summary of molar perceptions that employees share about their work environments.” Following a popular theory, he argued that these perceptions serve as a frame of reference within which employees behave. Zohar (1980) concluded that management needs to change its attitude and increase its commitment to safety to improve the safety level of the organisation. He also suggested that a safety climate survey is a practical tool to compare safety performance between organisations because it is independent of factors such as technologies and risk levels, which have caused difficulties in measuring safety performance in the past. Zohar’s work has gained wide recognition, and many research studies have been conducted to further investigate the concept of safety climate. Definitions of safety climate that have been proposed are listed in Table 1.


    Table 1: Definitions of Safety Climate


    
      
        	Author(s)

        	
          Definition

        
      


      
        	Brown & Holmes (1986)

        	A set of perceptions or beliefs held by an individual and/or group about a particular entity [which in this case is safety].
      


      
        	Dedobbeleer & Béland (1991)

        	Molar perceptions people have of their work settings.
      


      
        	Coyle, Sleeman & Adams (1995)

        	The objective measurement of attitudes and perceptions towards occupational health and safety issues.
      


      
        	Williamson et al. (1997)

        	A summary concept describing the safety ethic in an organisation or workplace that is reflected in employees’ beliefs about safety and is thought to predict the way employees behave with respect to safety in that workplace.
      


      
        	Mohamed (2002)

        	A construct that captures employees’ perceptions of the role that safety plays within the organisation [and] a descriptive measure reflecting the workforce’s perception of, and attitudes towards, safety within the organisational atmosphere at a given point in time.
      


      
        	Cooper & Phillips (2004)

        	Shared employee perceptions of how safety management is being operationalised in the workplace at a particular moment in time.
      


      
        	Hahn & Murphy (2008)

        	Shared perceptions of employees about the safety of their work environment.
      


      
        	Neale & Waters (2012)

        	Workers’ safety values, attitudes and perceptions are part of the psychological elements of safety culture.
      

    


    Although the list of definitions given in Table 1 may not be exhaustive, there are similarities that can be drawn between them. First, all authors concur that the safety climate represents employees’ perceptions and attitudes towards safety in the organisation or their workplace. Second, safety climate only measures perceptions and attitudes towards safety at a certain point in time, that is, during the time when the survey is conducted. This characteristic indicates that safety climate may change over time; thus, it is important to measure safety climate regularly to identify trends and problem areas that need to be addressed (Zou & Sunindijo, 2010). Third, it is important to recognise levels of aggregation of safety climate. There may be more than one level of safety climate in an organisation, such as an organisational-level safety climate and workplace-level safety climate. A study of a multilevel model of safety climate was conducted by Zohar and Luria (2005). They used two questionnaires that were administered to production workers in manufacturing plants. The first questionnaire measured organisation-level safety climate, whilst the second measured group-level safety climate. The results showed that at both levels, the climates were globally aligned, meaning that the organisational climate predicts the group climate level, which, in turn, predicts individual behaviour.


    Research studies conducted by Davies, Spencer and Dooley (2001), Mohamed (2002), Seo et al. (2004) and Hahn and Murphy (2008) on safety climate have focused on the following four areas:


    
      	Developing safety climate measurement tools and determining safety climate dimensions.


      	Developing and testing a theoretical model of safety climate to discover factors that affect safety behaviour and accidents.


      	Finding the relationship between safety climate and safety performance.


      	Investigating the relationship between safety climate and organisational climate.

    


    Guldenmund (2000) noted there are six dimensions of safety climate that should be measured: top management commitment, supervisors’ involvement, safety training, communication, employees’ involvement and safety rules. In this study, the focus is on the supervisors’/managers’ and employees’ involvement in health and safety practices in the Saudi Arabia construction industry.


    METHODOLOGY


    The study adopted a quantitative research approach (Creswell, 2014) to examine the health and safety practices of the Saudi Arabia construction industry. The use of the questionnaire method saves time and provides a reliable approach for obtaining quantitative data; it is considered to be a key method among researchers in management (Zikmund, 2000). A questionnaire was designed for data collection and analysis based on the themes that emerged from the review of the relevant literature.


    Sampling is of critical importance in research, since in most cases, there is a larger population, and due to numerous restrictions, sampling is the only viable option for obtaining reliable responses that represent the views of this wider population. Sampling methods include two main categories (probability and non-probability-based samples), and in each category, there are a number of techniques to select the most suitable sample for the given research (Wilson, 2010; Bryman and Bell, 2011; Saunders, Philip and Thornhill, 2012; Bryman, 2012).


    Sample size determination is an important and often difficult step in planning a survey or empirical study because it is not possible to approach the whole population (Dattalo, 2008). Such an effort is likely to become prohibitively expensive, but it is also desirable to maintain accuracy and reliability to ensure that the survey results reflect reality with minimum error. Confidence intervals (CI) are useful for deciding on sample size because a CI is a range of values around which a population parameter (e.g., true mean) is likely to lie in the long run (Dattalo, 2008). As an example, if samples of the same size are drawn repeatedly from a population after assuming a normal distribution for spread, and a 95% CI is calculated around each sample’s mean (i.e., plus or minus two standard errors from the mean), then 95% of these intervals should contain the population mean.


    A sample size calculator is available online from Creative Research Systems (2011), and this simplifies the process of calculating the sample size for a given CI and confidence level, as described in Dattalo (2008). The number of construction firms working in the Kingdom of Saudi Arabia listed on the Saudi site of Findouter.com (2010) is approximately 80. This means that for a confidence level of 95% and a CI of 10%, responses from 44 construction firms are required.


    The questionnaire was administered to construction workers and managers in the Saudi Arabia construction industry using probability sampling of the Saudi Arabia construction companies listed on the web-based database Findouter.com. A total of 150 questionnaires were distributed to 44 construction firms, of which 90 were completed and returned with a 60% response rate. Of these, 30 responses were from managers and the rest from workers on site. The survey data were analysed using descriptive statistics with SPSS statistical software. The unit of analysis adopted for this study is the ‘organisation,’ and the embedded unit is ‘individual employee.’ The questionnaire was designed to examine health and safety practices on construction sites and to identify ways to facilitate improvements within the practices.


    The questionnaire had five parts. The first part asked about background information; the second part addressed health and safety practices at the construction site; the third part asked about the effectiveness of the health and safety management system; the fourth part asked questions about the effectiveness of the Saudi Labour Law and its implementation for improving health and safety on construction sites; and lastly, the fifth part included questions about accommodation, meals and living conditions after work that influenced work performance/attitudes on construction sites, including those that affect health and safety.


    FINDINGS


    The relative size of the construction companies varied significantly. The annual income of the companies in the sample ranged from SR20 million to SR10 billion. Other characteristics indicative of company size are the number of field workers employed, the number of jobs in progress and the number of field worker working hours. Over 50% of the companies reported that they had 300 or fewer field workers. The total average number of field workers was approximately 1,400. Some firms have a small field worker-to-revenue ratio, indicating that either a large portion of the work is subcontracted or much of the revenue is earned through management services. The typical number of projects in progress ranged from 5 to 700.


    Respondents were first asked if there are designated full-time health and safety officers on their construction sites. A total of 20% of them responded that they had designated health and safety officers. An additional 30% responded that they often have designated health and safety officers while 30% responded that they rarely have them. Additionally, 20% of the respondents never had designated health and safety officers on site. Although health and safety supervisors are appointed, in some cases, they are not full-time staff but are assigned safety-related duties in addition to other work that they must perform as a part of their contract.


    Respondents were asked to rate their level of satisfaction with health and safety practices on their construction sites using a 4-point Likert scale that was calibrated as follows: 1 = very satisfied, 2 = satisfied, 3 = less than satisfied and 4 = very disappointed. A total of 37 practices (see Table 2) relating to health and safety were extracted from the Saudi Labour Law document examined in the literature review. They included the measures taken on construction sites for the personal protection of workers such as the use of safety helmets, protective footwear, gloves, earplugs, safety goggles and facemasks. They also included the attitudes of the respondents towards health and safety, and their perception on the effectiveness of health and safety management systems on their construction sites.


    Table 2: Health and Safety Practices


    
      
        	Health and Safety Practices On-Site

        	
          Mean Rating of Level of Satisfaction

        
      


      
        	1.

        	PPE - Safety helmets

        	
          2.4

        
      


      
        	2.

        	PPE - Protective footwear

        	
          2.4

        
      


      
        	3.

        	PPE - Gloves

        	
          2.4

        
      


      
        	4.

        	PPE - Safety goggles

        	
          2.4

        
      


      
        	5.

        	PPE - Face masks

        	
          2.4

        
      


      
        	6.

        	Attitude of workers to PPE usage

        	
          2.4

        
      


      
        	7.

        	Attitude of management to PPE

        	
          2.4

        
      


      
        	8.

        	Housekeeping

        	
          2.7

        
      


      
        	9.

        	Openings/holes

        	
          2.7

        
      


      
        	10.

        	Materials stored safely

        	
          2.7

        
      


      
        	11.

        	Working at heights

        	
          2.7

        
      


      
        	12.

        	Tools and machines not stored

        	
          2.7

        
      


      
        	13.

        	Walkways

        	
          2.7

        
      


      
        	14.

        	Safety mesh for excavation

        	
          2.7

        
      


      
        	15.

        	Arrangements involving scaffolding

        	
          2.0

        
      


      
        	16.

        	Availability of scaffolding boards

        	
          2.0

        
      


      
        	17.

        	Availability of toe boards

        	
          2.0

        
      


      
        	18.

        	Safety orientation

        	
          2.0

        
      


      
        	19.

        	Ways workers approach challenges

        	
          2.1

        
      


      
        	20.

        	Secure use of ladders

        	
          2.1

        
      


      
        	21.

        	Mobile work platforms

        	
          2.1

        
      


      
        	22.

        	Emphasis on health and safety

        	
          2.8

        
      


      
        	23.

        	Satisfaction with site inspection by the Saudi ministry

        	
          2.9

        
      


      
        	24.

        	Quality meals provided on-site

        	
          2.4

        
      


      
        	25.

        	Measures taken to prevent accidents

        	
          2.8

        
      


      
        	26.

        	Signage to indicate danger

        	
          2.8

        
      


      
        	27.

        	Satisfaction of medical assistance

        	
          2.8

        
      


      
        	28.

        	Availability of first aid kits

        	
          2.8

        
      


      
        	29.

        	Availability of trained nurses

        	
          2.8

        
      


      
        	30.

        	Satisfaction with accident rate

        	
          2.3

        
      


      
        	31.

        	Prevalence of unsafe acts on-site

        	
          2.9

        
      


      
        	32.

        	Level of unsafe conditions

        	
          2.9

        
      


      
        	33.

        	Effectiveness of safety management system

        	
          2.7

        
      


      
        	34.

        	Implementation of Saudi Labour Law to reduce accidents

        	
          2.1

        
      


      
        	35.

        	Implementation of Saudi Labour Law to enhance project performance

        	
          2.7

        
      


      
        	36.

        	Satisfaction of safety management system to cause improvements

        	
          2.8

        
      


      
        	37.

        	Satisfaction with the capacity of Saudi Labour Law

        	
          2.4

        
      

    


    Note: PPE = personnel protective equipment


    The mean rating for PPE-related practices was found to be 2.4 (Table 2). The mean rating for practices such as housekeeping, material storage and working on heights was found to be 2.7, while that for scaffolding and related practices was found to be 2.


    Figure 2 shows the further 16 practices that were rated by the respondents. Of the respondents, 70% stated that they were less than satisfied with the emphasis on health and safety presented by construction site management, including worker training and communication emphasising health and safety, and 40% of the respondents replied that they were less than satisfied with the accident rate on their construction site, including both small and large accidents. In contrast, 30% of respondents stated that they were very satisfied with the accident rate for their construction site. A total of 60% of respondents were less than satisfied with the prevalence of unsafe acts that could present dangers involving safety and health on their construction sites. The majority of respondents were less than satisfied with the effectiveness of the safety management system and the implementation of safety, health and labour standards of the Saudi Labour Law in increasing worker morale, worker awareness of site health and safety and improving worker behaviour.


    When asked how satisfied the respondents were with the effectiveness of the safety management system at their construction sites and the implementation of the Saudi Labour Law to cause an overall reduction in costs related to accidents at the construction site (e.g., reduction in employee compensation, reduction in damage to equipment and tools, reduction in insurance premiums and reduction in time lost due to accidents and accident investigation), 40% were very satisfied, compared to 30% who were less than satisfied.


    Respondents were asked closed-ended questions about the quality of their accommodations, meals and living conditions after work that influence their work performance and attitudes, including health and safety. Most workers live under difficult conditions off-site, without access to decent meals, amenities, recreation or any form of entertainment after work. Because the majority of workers are from developing countries, particularly from Asia, they are paid exploitative wages. These factors impact worker motivation and adherence to health and safety regulations on site.


    Most workers live under horrible conditions off-site, cook low-quality-nutrient-poor meals and lack access to decent amenities. They lack recreation, entertainment and opportunities to broaden their horizons. In addition, because the vast majority of workers are poor Asians from third-world countries, they have low health and safety standards and pay, making it difficult to improve their fortunes.


    A need exists for standards for worker accommodation, availability of cooked meals and recreation, as well as health and sanitation for off-site accommodations. It is possible to learn much from worker hostels operated by the more reputable United Kingdom and United States construction firms.


    
      [image: art]


      Figure 1: Respondents’ Ratings on Their Level of Satisfaction with Health and Safety Practices On Site (1)
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      Figure 2: Respondents’ Ratings on Their Level of Satisfaction with Health and Safety Practices On Site (2)

    


    DISCUSSION OF FINDINGS


    Since 30% of respondents indicated that they rarely had health and safety officials and a further 20% indicated that they never had them, these responses support the notion that health and safety laws are existent but lack of enforcement. Even in the instances in which there were health and safety officials, some of them were not professionals, but were regular site workers who had to combine that role with other jobs. With 50% of the respondents less than satisfied or dissatisfied with their personal protective equipment, there is a possibility that employers are not adequately catering to the health and safety needs of their employees or following the health and safety procedures stipulated by Saudi Labour Law.


    Sixty per cent were either less than satisfied or dissatisfied with practices such as housekeeping, material storage, working at heights and the provision of walkways. This also reinforces the assertion that health and safety practices are not enforced on construction sites. Sixty per cent were less than satisfied with the prevalence of unsafe acts on their construction site that could present dangers involving safety and health. The majority of respondents were less than satisfied with the effectiveness of the safety management system and the implementation of safety, health and labour standards of the Saudi Labour Law in increasing worker morale, worker awareness of site health and safety and improving worker behaviour. These findings contradict the role of health and safety as a means to address both physical and psychological well-being of workers on construction sites and other persons whose health is likely to be adversely affected by construction activities (Dryzek and Schlosberg, 2005).


    It is surprising that 40% of the respondents were very satisfied while 30% were less than satisfied with the effectiveness of the safety management system at their construction site and with the implementation of Saudi Labour Law to reduce costs related to accidents. This contradicts the assertion that health and safety laws are typically not well implemented in Saudi Arabia.


    The quality of the respondents’ accommodations, meals and living conditions after work influence their work performance and attitudes. Most workers live under difficult conditions off-site, impacting their motivation and adherence to health and safety regulations on-site, which affects the dimension of employee involvement in the safety climate.


    Improvements in health and safety in the construction industry will be possible only with the strict implementation of laws. It is not just health and safety laws that need strict enforcement but also laws related to commercial transactions, payments and the enforcement of contractual obligations. A culture of strict enforcement of the law will benefit the construction industry because cash flow will be available for timely payment and investment in a variety of needs, including health and safety. Construction firms must be held accountable to deliver on their contractual obligations.


    Lewis and Thornbory (2010) and Kloss (2010) present a discussion about the implementation of health and safety at work in the United Kingdom. In the United Kingdom, the Health and Safety at Work Act of 1974 and regulations made under this Act, together with the Corporate Manslaughter and Corporate Homicide Act of 2007, the Regulatory Enforcement and Sanctions Act of 2008 and the Health and Safety Offences Act of 2008 give health and safety regulatory powers to the United Kingdom Health and Safety Executive. The Health and Safety at Work Act of 1974, and in particular the Construction Design and Management Regulation of 2015, addresses poor health and safety situations at a place of work. The main characteristic of this regulatory model is that the manner defining offences gives strict liability, and the approach taken for enforcement mainly about the benefit to the public, employees and employers. Strict liability only considers that death or injury has occurred without delving into matters related to the state of mind of an offender or other excuses. Hughes and Ferrett (2016) discuss the implications of an employer found guilty of maintaining poor health and safety conditions at work that result in the injury or death of an employee. The employer can expect to pay a hefty fine of up to £20,000 or face a 12-months imprisonment on summary conviction by a magistrate. An unlimited fine and 2-years imprisonment for directors found guilty of negligently inducing health and safety violations on indictment under the Health and Safety Offences Act of 2008 is an option for prosecutors. Should the Crown Prosecution Service consider a case serious enough to merit prosecution, the fines are unlimited, with stiff personal liability for those involved. Thus, there is no reason why Saudi Arabia construction industry will fail to implement health and safety regulations.


    CONCLUSIONS


    This study examined the concept and importance of health and safety in the construction industry in Saudi Arabia, including existing regulations, policies and measures, through a critical review of the literature. It investigated perceptions and attitudes regarding health and safety at Saudi Arabia construction sites through a questionnaire survey of 90 site workers and managers. Respondents were asked to rate their level of satisfaction with 37 health and safety practices at their construction sites. From the data, it was found that most respondents were either less than satisfied or dissatisfied with their health and safety provisions and practices. Many of the respondents did not have professional health and safety officials on their sites; some had non-professionals playing this role in addition to their site jobs. It was also found that the poor living conditions of workers off-site impact their health and safety performance on site.


    Employers have a duty to ensure safe, stress-free and healthy work environments with competent health and safety officials on-site. They also have a duty to improve off-site conditions under which workers live, particularly if the employer is responsible for bringing migrant labour into Saudi Arabia. In general, the Saudi Arabia authorities have to ensure that the enforcement of safety regulations is more widespread.


    This study is limited to the health and safety practices of the construction sector of Saudi Arabia. The participants were both managers and construction workers; however, the intention of the research was not to compare the two groups but to examine health and safety practices. A need exists to emphasise health and safety issues for the construction sector in Saudi Arabia due to increased demand for infrastructure throughout the country, guaranteeing the growth of the construction sector.


    As outcomes of the study, implications that can be made for health and safety management in the construction industry in Saudi Arabia are as follows:


    
      	A need exists to improve the enforcement and implementation of Saudi Arabia health and safety laws, with better training of regulators and clear instructions to them about specific situations that cause violations of prevailing laws. Specified actions that are mandatory for regulators and inspectors under regulations of Saudi Arabia health and safety laws are necessary, and those that must regulate labour and labour conditions must receive rigorous training.


      	Laws and regulations for maintaining the health, safety and standards for off-site worker accommodations or camps are necessary to improve living standards, which will help promote nutrition, mental contentment and commitment to work, productivity and progress on-site.


      	A need exists to examine how best to improve the mental health of employees working in construction and other sectors of Saudi Arabia to ensure that they deliver productivity, progress and constant improvement.


      	A need exists to improve commercial laws and the implementation of commercial laws in Saudi Arabia. This will encourage responsibility, capacity for timely recovery of cash flows and stability in all sectors. When financial planning and financial engineering present less uncertainty due to the implementation of laws, it is likely that employers will have the funds to pay for the health, safety and welfare of employees.
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    Abstract: An important economic activity in the province of Chimborazo is the manufacturing and production of construction materials such as clay bricks, blocks, pavers and petrous materials (aggregates). These materials must meet minimum quality requirements to ensure proper mechanical behaviour and prolong the lifespan of civil construction projects. In this study, the quality of clay bricks, concrete blocks, paving bricks and natural aggregates for concrete produced in all the factories of the province from 2012 to 2015 was assessed. The results obtained were compared with the quality standards provided by the Ecuadorian Institute of Standardization (INEN). All testing procedures for the characterisation of physical and mechanical properties followed the guidelines set by the American Society for Testing and Materials (ASTM) and the British Standards Institution (BSI). This study presents the outcomes of the quality evaluation of construction materials produced in 258 factories located in the 10 districts (cantons) of Chimborazo. The study revealed that paving bricks and aggregates for concrete performed better than clay bricks and concrete blocks. The concrete block samples had the highest percentage of non-compliance with the specifications and the widest spread of the results. Quality problems in the production of construction materials were found in all the districts of Chimborazo.


    Keywords: Quality control, Construction materials, Physical characterisation, Mechanical testing, Ecuador


    INTRODUCTION


    The Construction industry is the largest and most challenging industry worldwide (Liu et al., 2007; Ofori, 2000; Tucker, 1986), with prefabricated construction materials comprising the basic raw material used in the construction of buildings and civil engineering works. These materials include bricks, concrete blocks used in walls or slabs, pavers for pedestrian or vehicular roads and petrous materials. These types of materials offer numerous advantages to professionals in the construction industry; in fact, the optimisation of resources and reduction of costs and construction times continue to provide conclusive reasons for their extensive utilisation (Illston and Domone, 2010). Construction materials are subject to compliance with technical specifications and are required to undergo periodic quality control. Table 1 shows the minimum requirements set by the Ecuadorian Institute of Standardization (INEN), which were used in this study. According to this classification, C-type bricks are solid handmade clay bricks with no perforations or frogs, whereas E-type bricks are hollow clay bricks that can only be used in non-load-bearing walls and lightened reinforced concrete slabs. Additionally, the INEN classification considers D-type concrete blocks as blocks used to build exterior partition walls with coating or mortar rendering, and E-type concrete blocks are blocks used to build interior partition walls with or without coating or mortar rendering (INEN, 1978, 1993).


    The INEN functions as the national technical organisation for the quality system of the country (INEN, 2012a). However, there have been frequent problems in the factories of Chimborazo due to either poor monitoring by producers and/or control bodies or the constant search for reduced production costs. As such, in 2009, tests conducted in the Laboratory for Quality Control of Materials (LCCM) of the National University of Chimborazo (UNACH) on clay brick samples from several private companies in the province revealed non-compliance with technical specifications. In this case, none of the samples tested met the recommended minimum compressive strength and exceeded the maximum permissible absorption capacity (LCCM, 2010). Similarly, in 2010, an investigation conducted on concrete block samples produced in various districts of Chimborazo revealed serious problems in the quality of the specimens. Once more, E-type concrete blocks failed to meet the technical specifications for both compressive strength and absorption capacity (Diaz, 2010).


    Undoubtedly, the problem of construction material quality can affect the performance of structures and shorten their lifespans. For this reason, quality requirements are becoming more stringent, primarily in Andean countries such as Ecuador, where earthquakes are common (IGEPN, 2016). The high seismic activity is mainly due to the clash of the Nazca plate and the South American plate, causing the subduction of the Nazca plate (Delouis et al., 1996; Yuan et al., 2000). In Ecuador, earthquakes have been categorised by a seismic zonation map (NEC, 2015) obtained from the results of seismic hazards with a 10% probability of exceedance in 50 years and a return period of 475 years. The seismic zones defined on this map consider seismic accelerations of gravity between 0.15 g and 0.50 g, placing the province of Chimborazo in seismic zone IV (0.40 g).


    Non-compliance with construction quality specifications promotes rapid deterioration and considerable damage to civil works, resulting in economic losses (Cnudde, 1991; Formoso et al., 2002). Furthermore, 18% of pathological problems found in concrete and masonry buildings, including moisture or leaks in walls or slabs, large amounts of waste residue, poor strength capacity, premature failure of concrete elements and other quality problems present during the construction and/or service phases, are attributed to the quality of building materials (Helene and Figueiredo, 2003). In Chimborazo, the causes of quality problems found in construction materials could be attributed to the uncontrolled rise in the number of producers and factories (INEC, 2011). Here, producers are forced to reduce production costs to compete with market prices, even though the quality of their products is reduced. Furthermore, regional governments have granted operating licenses to producers of construction materials without requiring them to provide laboratory reports that verify the quality of the products. All these factors have contributed to the progressive decline in the quality culture in the province.


    Table 1. Technical Specifications for Construction Materials in Ecuador Provided by the INEN


    [image: art]


    Notes: ^average of 3 specimens; *average of 5 specimens; †average of 10 specimens

    Source: Data were extracted from INEN (1978, 1993, 2014, 2010c, 2012d)


    In this study, the results of a quality evaluation of clay bricks, concrete blocks, paving bricks and concrete aggregates produced in Chimborazo from 2012 to 2015 are presented. Here, physical characteristics (absorption capacity, acid-soluble portion, organic impurities, materials finer than 75 μm and granulometry) and mechanical properties (resistance to degradation, compressive strength and flexural strength) of construction material samples produced in 258 factories located in 10 districts of Chimborazo were assessed. The level of compliance with the technical specifications was determined by comparing the test results with the minimum standards recommended by the governmental body of INEN (INEN, 1978, 1993, 2010c, 2012d, 2014). The outcomes of this analysis provided, among other things, a diagnosis of the current quality levels and a baseline for promoting new research projects aimed at improving the quality of construction materials.


    Previous studies based on quality control in the construction industry have shown a substantial improvement in standard requirements when quality management methodologies were applied (Burati, Matthews and Kalidlindi, 1989; Koskela, 1992). It is anticipated that similar studies can be replicated in Chimborazo, and thus specific methodologies for a total quality control and an adequate philosophy to improve production in the construction industry could be proposed and implemented.


    SAMPLING AND TESTING METHODOLOGY


    This study was conducted in the province of Chimborazo, which is located in the Andean region of Ecuador. According to the latest population and housing census of 2010, its population was 458,581 inhabitants (INEC, 2011). The capital of the province is Riobamba, located at 2754 metres above sea level. According to the new territorial organisation of Ecuador, Chimborazo, along with the provinces of Cotopaxi, Tungurahua and Pastaza, belongs to Zone 3 (Cootad, 2010). The study included all 10 districts of the province: Alausí, Colta, Cumandá, Chambo, Chunchi, Guamote, Guano, Pallatanga, Penipe and Riobamba, as shown in Figure 1.


    Samples of C-type and E-type clay bricks, D-type and E-type concrete blocks, pedestrian and light traffic concrete paving bricks, and natural aggregates for concrete were randomly obtained from each factory according to published methods (INEN, 1977, 2012c, 2010b, 2010a). The clay brick samples were solid handmade clay bricks with no perforations or frogs (C-type bricks) and hollow clay bricks (E-type bricks) with dimensions of 25 cm in length, 10 cm in width and 8 cm in height. Fifteen specimens were sampled from each factory. Since each clay brick specimen of the entire lot has the same chance of being representative of the sample, the specimens were randomly sampled. The concrete blocks analysed were hollow sandcrete blocks measuring 40 cm in length, 20 cm in width and 10, 15 or 20 cm in height and comprised natural sand, water and cement as a binder. Both pedestrian and light-traffic paving bricks were interlocking concrete pavers with dimensions of 25 cm in length, 25 cm in width and 6 to 10 cm in height. The concrete blocks included 6 specimens from each factory, and the analysis of paving bricks for pedestrian and vehicular traffic consisted of 10 specimens from each factory. Both the concrete block and paving brick specimens were sampled by trained laboratory personnel. The selected specimens were representative of the entire lot of units from which they were sampled. Samples of the fine and coarse aggregates used in concrete were obtained directly from open pit and river mines. Each sample of natural aggregates had an approximate mass of 60 kg, and was used for all tests on aggregates described here. Aggregate samples were collected from conveyor belts. The total sampled amount was placed in sealed plastic bags that prevented loss or contamination of any part of the sample during its transport to the testing laboratory.


    For factories in Chimborazo, only the aforementioned construction materials were produced during the investigation. All the tests were carried out in the UNACH LCCM laboratory. For clay bricks, compression, three-point bending and absorption capacity tests were conducted in accordance with American Society for Testing and Materials (ASTM) C67-07 (ASTM, 2014a), whereas in the case of the concrete blocks, compression and absorption capacity tests were conducted according to ASTM C140M (ASTM, 2015). The quality of the concrete paving bricks was assessed in terms of their compressive strength and acid solubility of the fine aggregates used in their manufacturing. These tests were conducted according to the procedures described in ASTM C140M (ASTM, 2015) and BSI 812-119 (BSI, 1985), respectively. Aggregate testing, which included sieve analysis, organic impurities determination, resistance to degradation of small and large-size coarse aggregates by abrasion and impact in the Los Angeles Machine, followed ASTM methods (ASTM, 2014c, 2013, 2011, 2014b, 2012).


    Compression and bending tests were conducted using a 3000 kN C089-10N servo-controlled machine and UTM NET software, provided by Matest, Italy. Bending loads were applied to clay brick specimens using a three-point bending test device (Figure 2).
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      Figure 1: Map of Ecuador and the Province of Chimborazo, Including its 10 Districts
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      Figure 2. Three Point Bending Test Set-Up Conducted on Clay Brick Samples

    


    Sizing characteristics were determined using Humboldt Manufacturing Company sieves. Statistical analysis was carried out using the software package R version 2.14. Results were considered significant at a level of 5% (95% confidence interval). A brief description of the methodology of each test is provided below:


    Compression tests of clay bricks, concrete blocks and paving bricks


    Prior to testing, paving brick and block specimens were immersed for 24 hr in water at room temperature, whereas dry bricks were cut in half. To achieve a uniform load distribution, specimens with physical irregularities on their faces were coated with a layer of sulphur-sand mortar or with wooden plates. The compressive strength (C) in MPa was evaluated as follows:
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    where P is the failure load (Newton), A is the contact area (mm2) and f is a factor for thickness-bevel used only in the case of paving bricks (ASTM, 2015). The compressive load was applied at a controlled rate of 15 MPa/min.


    Three-point bending test of clay bricks


    Brick samples were dried in an oven (110 ± 5°C) for 24 hr and then cooled at room temperature. Using the three-point bending test device shown in Figure 2, the specimens were loaded at mid-span until failure. The rate of loading was 8896 N/min. The flexural strength (MR) was calculated using Eq. 2:
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    where P is the maximum load (Newton), L is the distance between the supports (mm), b is the length of the specimen (mm) and h is the height of the specimen (mm).


    Absorption capacity test on clay bricks and concrete blocks


    The samples were dried at 110 ± 5°C for 24 hr, and the mass (M2) was recorded. The samples were then immersed for 24 hr in distilled water at room temperature, and after the saturated mass (M1) was recorded, the water absorption percentage (Abs) was calculated as follows:
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    Acid-soluble portion of fine aggregates used for concrete


    A fine aggregate sample (50 g) and a piece of filter paper (Whatman filter No. 40) were dried in an oven (110 ± 5°C) and weighed, and their masses, M1 and M2, respectively, were recorded. The dry sample was then mixed with hydrochloric acid (25 mL) and heated without boiling. The resulting mixture was decanted through the filter paper, and the solid retained was washed five times with 50 mL of hot distilled water. The non-dissolved material was dried at 105°C, and its mass was recorded (M3). The percentage of loss in mass due to the effect of acid (%PS) was calculated using Eq. 4.


    [image: art]


    Abrasion tests of coarse aggregates


    Samples of coarse aggregates (4500 g) were washed and then dried at 110 ± 5°C. The samples were subjected to abrasion and impact using 11 steel spheres (abrasive charges) in the Los Angeles Machine. The results were calculated using Eq. 5.
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    where V is the abrasion resistance (%), A is the initial mass of the sample (g) and B is the mass of the sample after the test (g).


    Organic impurities test of fine aggregates


    A colourless graduated glass bottle was filled with a sample of fine aggregate (130 mL) and a 3% solution of sodium hydroxide (70 mL). The bottle was then capped, shaken vigorously and left to stand at room temperature for 24 hr. The resulting coloured solution was assessed according to the Gardner scale as follows:


    
      	Gardner colour No. 5 (Grade 1) and Gardner colour No. 8 (Grade 2): low impurities


      	Gardner colour No. 11 (Grade 3): Gardner colour standard


      	Gardner colour No. 14 (Grade 4) and Gardner colour No. 16 (Grade 5): high impurities

    


    Determination of materials finer than 75 µm in fine aggregates


    Samples of fine aggregate (2000 g) were dried at 110 ± 5°C. The material was then washed with water using a sieve (No. 200) until the water was clear. The remaining material was dried again at 110 ± 5°C. The test result was evaluated according to Eq. 6.
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    where %P is the percentage of material finer than 75 µm, A is the initial dry mass (g) and B is the dry mass after washing (g).


    Sieve analysis of aggregates used for concrete


    Fine (500 g) and coarse aggregate (12000 g) samples were dried at 110 ± 5°C, placed on each of a specified series of sieves (ranges provided in INEN, 2012d) and mechanically agitated for 5 min. The grading curve and fineness modulus were determined and compared with INEN specifications.


    RESULTS AND DISCUSSION


    Construction Material Factories


    Since 2012, a field investigation has been conducted to locate and geo-reference all the factories that produce construction materials in the province of Chimborazo. Table 2 shows the number of factories found in each district according to the type of materials produced.


    In the district of Chambo, along with agriculture, clay brick production is the main source of income for its population (INEC, 2011). This was evidenced by the 154 construction material factories in the district, which represent 98% of all clay brick factories operating in the province.


    Quantitative analysis of the number of factories of construction materials in Chimborazo is shown in Figure 3. Brick and concrete block production accounts for 87% of all the manufacturing sites, with concrete paving bricks produced in only 5% of the factories located in the province.
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      Figure 3. Production of Construction Materials in the Province of Chimborazo

    


    Table 2. Construction Material Factories Located in the Province of Chimborazo


    
      
        	District

        	
          Paving Bricks

        

        	
          Aggregates for Concrete

        

        	
          Concrete Blocks

        

        	
          Clay Bricks

        

        	
          TOTAL

        
      


      
        	Alausí

        	
          0

        

        	
          3

        

        	
          6

        

        	
          3

        

        	
          12

        
      


      
        	Colta

        	
          1

        

        	
          1

        

        	
          5

        

        	
          0

        

        	
          7

        
      


      
        	Cumandá

        	
          2

        

        	
          0

        

        	
          1

        

        	
          0

        

        	
          3

        
      


      
        	Chambo

        	
          0

        

        	
          0

        

        	
          0

        

        	
          154

        

        	
          154

        
      


      
        	Chunchi

        	
          0

        

        	
          0

        

        	
          0

        

        	
          0

        

        	
          0

        
      


      
        	Guamote

        	
          0

        

        	
          1

        

        	
          3

        

        	
          0

        

        	
          4

        
      


      
        	Guano

        	
          1

        

        	
          2

        

        	
          5

        

        	
          0

        

        	
          8

        
      


      
        	Pallatanga

        	
          0

        

        	
          3

        

        	
          0

        

        	
          0

        

        	
          3

        
      


      
        	Penipe

        	
          1

        

        	
          2

        

        	
          1

        

        	
          0

        

        	
          4

        
      


      
        	Riobamba

        	
          8

        

        	
          10

        

        	
          45

        

        	
          0

        

        	
          63

        
      


      
        	Sum

        	
          13

        

        	
          22

        

        	
          66

        

        	
          157

        

        	
          258

        
      

    


    Quality of Construction Materials


    The number of tests performed on the sampled construction materials is reported in Table 3. The results of a descriptive analysis of the minimum and maximum values of each physical and mechanical property are outlined in Table 4. The levels of compliance with the INEN quality requirements obtained in the factories throughout the province are shown in Figures 4–9.


    Of the 258 factories identified in the study, most were present in Chambo (154 sites). Here, clay brick factories represent the greatest number of construction material factories in the province (61%). In these factories, only C-type solid bricks are produced. In addition to the factories in Chambo, clay bricks are also manufactured in the district of Alausí. However, both the level of production and the type of bricks manufactured differ from what occurs in Chambo. In Alausí, only three factories are involved in the production of clay bricks, and these factories produce either C-type or E-type hollow bricks (INEN, 1978).


    Cumandá and Pallatanga have the fewest manufacturing locations. In Cumandá, only three factories of paving bricks and concrete blocks were located, whereas in Pallatanga, only three quarries of concrete aggregates are in operation. Paver factories located in Cumandá (3 sites) represent only 5% of the total paver factories in the province (13 sites), with most of the manufacturing locations found predominantly in Riobamba (8 sites). In fact, after Chambo (154 factories), Riobamba is the district with the highest number of construction material factories (63 sites, Table 2).


    Table 3. Quality Control Assessment of Construction Materials from Factories in Chimborazo


    
      
        	Construction Material

        	Type of Test Performed

        	
          Number of Tested Specimens

        
      


      
        	Clay bricks

        	Compressive strength

        	
          785

        
      


      
        	Flexural strength

        	
          785

        
      


      
        	Absorption capacity

        	
          785

        
      


      
        	Concrete blocks

        	Compressive strength

        	
          396

        
      


      
        	Absorption capacity

        	
          396

        
      


      
        	Paving bricks

        	Compressive strength

        	
          130

        
      


      
        	Acid-soluble portion

        	
          13

        
      


      
        	Fine aggregates for concrete

        	Organic impurities

        	
          20

        
      


      
        	Materials finer than 75 µm

        	
          20

        
      


      
        	Sieve analysis

        	
          20

        
      


      
        	Coarse aggregates for concrete

        	Resistance to degradation by abrasion and impact

        	
          15

        
      


      
        	Sieve analysis

        	
          15

        
      


      
        	

        	TOTAL

        	
          3380

        
      

    


    Table 4. Descriptive Analysis of Physical and Mechanical Properties of Construction Materials Analysed in Chimborazo


    
      
        	Building Materials

        	Range of Analysis

        	
          Frequency

        
      


      
        	Clay bricks

        	Compressive strength
      


      
        	7.3–7.9 MPa

        	Highest

        	
          64

        
      


      
        	17.8–18.4 MPa

        	Lowest

        	
          1

        
      


      
        	Flexural strength
      


      
        	3.3–3.5 MPa

        	Highest

        	
          57

        
      


      
        	6.9–7.1 MPa

        	Lowest

        	
          2

        
      


      
        	Absorption capacity
      


      
        	20%–21%

        	Highest

        	
          132

        
      


      
        	4%-5%

        	Lowest

        	
          1

        
      


      
        	Concrete blocks

        	Compressive strength - Concrete blocks (D-type)
      


      
        	1.1–1.5 MPa

        	Highest

        	
          66

        
      


      
        	5.6–6.0 MPa

        	Lowest

        	
          1

        
      


      
        	Absorption capacity - Concrete blocks (D-type)
      


      
        	24%–26%

        	Highest

        	
          42

        
      


      
        	3%–5%

        	Lowest

        	
          1

        
      


      
        	Compressive strength - Concrete blocks (E-type)
      


      
        	1.0–1.2 MPa

        	Highest

        	
          33

        
      


      
        	2.8–3.0 MPa

        	Lowest

        	
          1

        
      


      
        	Absorption capacity - Concrete blocks (E-type)
      


      
        	22%–24%

        	Highest

        	
          43

        
      


      
        	10%–12%

        	Lowest

        	
          2

        
      


      
        	Concrete paving bricks

        	Compressive strength - Pedestrian paving bricks
      


      
        	20–25 MPa

        	Highest

        	
          9

        
      


      
        	13–15 MPa

        	Lowest

        	
          1

        
      


      
        	Compressive strength - Traffic paving bricks
      


      
        	38–39 MPa

        	Highest

        	
          17

        
      


      
        	30–31 MPa

        	Lowest

        	
          2

        
      


      
        	Acid-soluble portion - Fine aggregates
      


      
        	11%–12%

        	Highest

        	
          30

        
      


      
        	13%–14%

        	Lowest

        	
          10

        
      


      
        	Fine aggregates

        	Organic impurities
      


      
        	Gardner colour No. 5

        	Highest

        	
          18

        
      


      
        	Gardner colour No. 8

        	Lowest

        	
          2

        
      


      
        	Materials finer than 75 µm
      


      
        	2.8%–4.2%

        	Highest

        	
          9

        
      


      
        	7.3%–8.7%

        	Lowest

        	
          1

        
      


      
        	Sieve analysis
      


      
        	2.36 mm

        	Highest

        	
          9

        
      


      
        	300 μm

        	Lowest

        	
          1

        
      


      
        	Coarse aggregates

        	Resistance to degradation by abrasion and impact
      


      
        	8%–12%

        	Highest

        	
          7

        
      


      
        	18%–22%

        	Lowest

        	
          1

        
      


      
        	Sieve analysis
      


      
        	25 mm

        	Highest

        	
          10

        
      


      
        	12.5 mm

        	Lowest

        	
          1
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      Figure 4. Compliance Levels for Quality Requirements of Construction Materials Produced in Chimborazo: (a) Paving Bricks, (b) Concrete Blocks, (c) Clay Bricks and (d) Aggregates for Concrete
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      Figure 5. Compliance Levels for Paving Bricks Produced in the Districts of Chimborazo: (a) Compressive Strength and (b) Acid Solubility of its Fine Aggregates
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      Figure 6. Compliance Levels for C-type (left) and E-type (right) Clay Bricks Produced in the Districts of Chimborazo: (a) and (b) Compressive Strength, (c) and (d) Flexural Strength, and (e) and (f) Absorption Capacity Values
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      Figure 7. Compliance Levels for D-type (left) and E-type (right) Concrete Blocks Produced in the Districts of Chimborazo: (a) and (b) Compressive Strength, and (c) and (d) Absorption Capacity Values

    


    Concrete Paving Bricks


    When analysing the quality of paving bricks, it is also necessary to consider the standards of the fine aggregates used in their manufacture. Factories producing pavers in Chimborazo employed fine aggregates, which, in all cases, were compliant with the technical specifications related to the maximum mass of acid-soluble material extracted (Figures 4a and 5b). For instance, the fine portion (passing a 5 mm test sieve and retained by a 600 µm test sieve) of the aggregate samples had no acid-soluble materials higher than 25%.


    For compressive strength testing, the results show that 85% of the evaluated factories produced paving bricks with suitable strengths. Regarding pedestrian paving bricks, most of the tested specimens (36 specimens) show strength values between 20 and 48 MPa, with only four specimens exhibiting poor compressive strength results (13–19 MPa). For vehicular paving bricks, all specimens (90 specimens) met the technical specification for compressive strength. Overall, most of the specimens (73 specimens) exhibited strengths between 35 and 50 MPa.
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      Figure 8. Compliance Levels for Natural Fine Aggregates for Concrete Produced in the Districts of Chimborazo: (a) Sieve Analysis, (b) Organic Impurities and (c) Materials Finer than 75 µm
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      Figure 9. Compliance Levels for Natural Coarse Aggregates for Concrete Produced in the Districts of Chimborazo: (a) Sieve Analysis and (b) Resistance to Degradation by Abrasion and Impact

    


    Clay Bricks


    The INEN 0297 (INEN, 1978) standard specifies that C-type ceramic bricks must have a minimum compressive strength of 8 MPa, a minimum flexural strength of 2 MPa and a maximum absorption capacity of 25% (Table 1). Regarding the brick samples analysed (157 factories), 76 factories produced clay bricks that met the specification for compression strength, 124 factories produced clay bricks that exhibited flexural strengths higher than 2 MPa, and the specimens from 135 factories met the water absorption criteria (Figures 4c, 6a, 6c and 6e). On the other hand, serious problems were found with the quality of E-type hollow bricks produced in Alausí (Figures 6b and 6d), with all specimens failing to meet the strength specifications recommended in the INEN standards (Table 1). In terms of compressive and flexural strength, the results obtained were 1.4–1.6 MPa and 0.3–0.6 MPa, respectively. Therefore, E-type bricks only met the specification related to their absorption capacity, as shown in Figure 6f.


    Concrete Blocks


    Concrete blocks and fine aggregates are the most common construction materials produced in Chimborazo, with manufacturing sites found in seven districts throughout the province. The concrete blocks produced showed the lowest levels of quality in all the factories tested, with the only exception being the district of Penipe (Figures 7a and 7c). The NTE INEN 638 (INEN, 1993) and NTE INEN 643 (INEN, 2014) standards specify that the minimum compressive strengths of D-type and E-type concrete blocks should be 2.5 and 2 MPa, respectively. However, the compression tests results revealed that only 14% of D-type blocks and 17% of E-type blocks exhibited strengths greater than or equal to the minimum strength specification. From a total of 195 D-type blocks tested, only 31 specimens exhibited compressive strengths above the reference value (Figure 10a). Similar results were obtained from testing E-type concrete blocks, where only 23 specimens (from 138 specimens) demonstrated appropriate quality levels (Figure 10b). For water absorption capacity, 87% of factories failed to meet the mandatory criteria. In this case, 159 D-type and 121 E-type concrete block specimens obtained water absorption values of 15% to 35%.


    Since the types of blocks studied were cast using cement as a binder, quality problems, particularly those observed in E-type blocks, might be related to the quality of the cement used. However, this appears unlikely, since in Ecuador, the cement used for concrete production meets the requirements specified in ASTM C150 (ASTM, 2007) and NTE INEN 152 (INEN, 2012a). The cement produced in Chimborazo has been classified as a pozzolanic Portland cement (IP type), meeting quality specifications and being subject to frequent inspections, as reported by the manufacturer (Chimborazo Cement, 2016). As highlighted by Diaz (2010), the quality of E-type concrete blocks is not affected by the quality of cement; furthermore, if a mixture with appropriate proportions of its components is used, the block samples will exceed minimum quality requirements.


    In contrast, the results obtained in this study indicated that concrete pavers exhibited higher levels of quality compared to concrete blocks. The production of concrete blocks with poor quality appears to be a common problem in developing countries (Baiden and Tuuli, 2004; Florek, 1985; Usman and Gidado, 2013; Samson, Elinwa and Ejeh, 2002; Anosike and Oyebade, 2011; Osarenmwinda and Edigin, 2010). Causes include an absent quality control programme and poor monitoring by producers, deliberate reduction in the amount of cement in concrete mixes to lower costs, lack of staff in charge of quality control with formal training, the use of non-appropriate production techniques or equipment and a failure to comply to recommended production standards related to moulding, curing and batching methods. According to Anosike and Oyebade, (2012), despite the existence of a quality standard in countries such as Nigeria, where the proportions of mixtures or water-to-cement ratios are specified, the lack of penalties for those who do not meet quality specifications has given producers the leeway to produce blocks of poor quality for commercial use.
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      Figure 10. Compressive Strength Values Achieved for a Total of: (a) 195 D-type Concrete Block Specimens and (b) 138 E-type Concrete Block Specimens

    


    Natural Aggregates for Concrete


    All quarries of fine aggregates had no problems associated with the presence of organic impurities, apart from those quarries located in Riobamba (Figure 8b).


    Regarding the granulometric analysis results, concrete aggregates with an adequate particle size distribution were found in 60% of fine aggregate quarries (12 sites) and 67% of coarse aggregate quarries (10 sites).


    It should be noted that several factories of fine and coarse aggregates had problems meeting the standard requirements for granulometry and materials finer than 75 µm; in particular, the aggregates from the factories located in Alausí, Guano, Pallatanga and Riobamba showed the lowest levels of quality in the province (Figures 8a, 8c and 9a). However, if all the quarries located in Chimborazo are considered, 80% of the fine aggregate samples (16 quarries) had no problems with materials finer than 75 µm, thus fulfilling the INEN standard; in this case, percentages of materials finer than 75 µm were below 5%, with the average of the results found to be approximately 3.9%.


    In contrast, all coarse aggregate quarries produced materials with a suitable abrasion resistance value (Figure 9b). For instance, every coarse aggregate sample had no significant abrasion problems with its particles, with the abrasion results being only 3.6%–19.8% (<< 50%), as shown in Figure 11.
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      Figure 11. Resistance to Degradation by Abrasion and Impact of Coarse Aggregates Produced in Chimborazo

    


    CONCLUSIONS


    Concrete paving brick factories achieved the highest levels of quality in their products, followed by quarries producing fine and coarse aggregates. However, as graphically illustrated (Figures 4–9), all districts of the province of Chimborazo had problems in the quality of the construction material samples analysed in this study. The highest percentage of non-compliance and the widest spread of the results were observed for concrete block samples. Furthermore, the largest number of factories that need to improve the quality of their building products was found in the district of Chambo. In Ecuador, non-industrial production of construction materials such as bricks, concrete blocks, pavers and concrete aggregates is the main source of income for many families. Unfortunately, this has resulted in the rapid and uncontrolled commercialisation of such materials, leading to numerous quality problems, as evidenced by the findings of this work. These problems were observed primarily in the production of concrete blocks and clay bricks.


    Until 2011, most factories involved in the production of construction materials in Chimborazo had never monitored the quality of their production and were unaware of the technical requirements that had to be met. Despite many quality problems found, the study reveals the presence of some factories that meet the technical specifications of their products, in terms of physical and mechanical properties of the samples analysed. The results of the tests conducted were passed on to each manufacturer through lab reports. Currently, 100% of the construction material factories in Chimborazo operating between 2012 to 2015 know what technical specifications have to be met and monitor the quality of their production.


    The findings obtained in this study have enabled the authors to promote a new research project (Cevallos, Barahona and Castillo, 2014) aimed at establishing the causes of quality problems that are commonly seen, particularly in clay bricks and concrete blocks produced in Chimborazo. Government agencies dedicated to the quality control of construction materials, as well as producers, have been informed of the results of these studies. Nevertheless, the necessary change in the quality culture of the population remains unclear. Government agencies are urged to implement new reforms to laws and ordinances, so that the quality requirements for producers of construction materials in the province become stricter. Regular training programmes, along with routine laboratory reports, should become mandatory before any producers of construction materials have their operating licenses renewed.


    Further studies should be conducted in Chimborazo to know the exact impact of the work conducted by the authors on improving the quality of the construction materials assessed in this investigation.
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