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Abstract

:

This study provides a holistic assessment of the current waste management strategies implemented in Nigerian construction projects. The data used in this study were collected from both primary and secondary sources. The primary data were collected through survey questionnaires distributed via emails of the targeted respondents who are construction professionals in the study area of Lagos metropolis, while the secondary data were collected via the review of related literature. Out of the 200 questionnaires distributed, only 168 valid forms were retrieved. The collected data accounted for 84% of the entire survey and were suitable for the analysis. An exploratory factor analysis was conducted while the reliability of the research survey instrument was tested using Cronbach’s alpha coefficient reliability. The result indicated that the waste management strategies were clustered into three groups, comprising practical legal framework and modular construction, sustainable procurement and material optimisation, and proper construction detailing and design. In conclusion, the waste management strategies implemented in Nigeria were assessed as being “not sustainable enough”. However, it is recommended that there is an upgrading in either the approach or method of application of waste management strategies in order to ensure its sustainability.
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1. Introduction


In most cases, materials that are generated when new building and civil engineering structures are built, and also when current buildings and civil-engineering structures are renovated or demolished with deconstruction activities, are referred to as “construction and demolition waste” (C&DW). Such civil-engineering structures comprise every public building project such as street drainages, road or highways, bridges, utility plants, and dams [1]. However, waste material generation is a prominent issue in construction projects, and the adverse effect of waste has influenced the management of C&DW in many countries. Shen et al. [2] stated that C&DW is the major contributor to nearly 15–30% of the entire volume of waste that is disposed in several landfill sites in most countries, but this figure is bound to increase to approximately 40% when taking into consideration the amount of C&DW generated in construction per tonnes per day.



In construction sites, waste generated retains major quantities of C&DW produced every year in any construction sectors, and waste generated in construction sites initiate the result in cost factors for the contractors such as cost incurred in transportation, waste disposal, and procurement [3,4,5]. However, it is expected that a drop in the volume of waste on construction sites can lead to a reduction in cost spent for raw material purchase and charges paid for disposal of the waste in landfill sites [6]. However, it is acceptable worldwide that waste management is important to a sustainable construction economy, and this involves a procedure in which waste production is controlled and minimised by employing expert builders and contractors. For instance, in an estimation, it is opined that nearly 80% of waste stream created on site is recyclable and usable [7,8,9].



However, the C&DW sector has greatly relied on factors such as increase in population, development in urban areas, and/or levies paid on landfills in some regions. Vergara and Tchobanoglous [10] indicated that to avert the adverse effect of waste, suitable design and control is important. In addition, a proper structure for sustainable waste management implementation becomes an integral responsibility. This is a desirable trait in order to achieve a safe and protected environment in several countries [11]. However, the key significance of a sustainable C&DW management strategies is to provide a tool for construction engineers, planners, and contractors to determine the best scenario for a sustainable minimisation of waste on construction sites [12,13]. Thus, the requirement for every construction industry with a good attribute of sustainable development is a sustainable C&DW management strategies [14].



Consequently, managing C&DW implies eradicating the waste where feasible, reducing waste where realistic, plus possible reuse of the materials, which can turn out to be waste; thereby, a colossal part of C&DW can relentlessly be reused and recycled, and hence it preserves landfill size, for instance, waste generated from concrete or brick neglect or stones can be recycled into granular and fine aggregate, such as recycled aggregate concrete, cement, and floor thatches [15,16,17,18]. The UK Waste and Resources Action Programme (WRAP) in 2017 states that a good practice of material waste management gives a series of benefits that includes reduction in material and disposal costs, increase in competitive differentiation, increase in performance against corporate sustainability responsibility objectives, lower carbon dioxide (CO2) emissions, meeting planning requirements, the complementary gains when combined with other aspects of sustainable design, and responses to and pre-empting public policy [4,5].



In China, the government establishes waste management policies and regulations that requires contractors to prepare and implement a waste management system and carry out on-site sorting of waste before certain payments are made, which is seen as tool to minimise waste incurred in construction projects [14,19,20,21]. However, in the absence of procedure in providing guidelines on how to produce a suitable waste management plan, the development of a waste management-mapping model that can be integrated before the commencement of construction activities and the provision of specification for the various handling measures for managing waste onsite is the cause of major waste production in the country [22,23,24]. According to Poon et al. [25], every regulation is required in the construction sectors to be followed and applied towards sustainable waste management, and there is a need to develop a holistic waste management system that is cost-effective, sustainable, and acceptable, with an emphasis on environmental conservation and good technological selection without the impact of the government regulations [26,27,28].



In most cases, waste normally emanates during different life-cycle phases in construction, i.e., during the planning, construction, and demolition stages. Moreover, in procurement, not all the materials are used during construction, indicating that the leftovers may remain as waste that may not be accounted for [23,29]. In Nigeria, large volume of waste is generated in construction sites, especially in the Lagos metropolis. This is due to its position as Nigeria’s commercial nerve centre, with it continuing to experience rapid population growth, projected at 6–8% per annum. In this regard, the causes of materials waste in Nigerian construction sites include poor site supervision, design error, defective materials, unskilled labour, poor quality of materials, changes in design, specification errors, poor storage facilities, poor handling process, poor material scheduling, wrong suppliers’ advice, and bulk purchase that leads to excess and consequently contributes to waste generation in construction sites [30,31,32].



In addition, inadequate involvement of non-regulatory sectors in the collection of the waste, lack of sustainable waste management plan, and the valuation of waste that could begin from the design processes is not usually considered in construction in Nigeria, and poor implementation of a sustainable procurement system is one of the major influencing factors to waste generation [33,34,35].



However, the participation of informal private sectors in the disposal of waste has made the environment civilised, but in order to have accurate data of the amount of waste being generated, a proper survey should be examined [36,37,38]. According to the survey carried out by the Waste Management Authority in Lagos (LASMA), the landfill sites have been regulated to ensure waste material handling and control system over a decade. In the survey report, there are five landfill sites in Lagos metropolis in the three major sites and several temporary sites, where all types of waste are disposed including waste from demolition and construction [39,40]. The composition of this waste comprises concrete, reinforcement steel, plywood, plastics, and other packaging materials. According to Aboginije [3], waste from concrete, reinforcement, and wood is indicated as the highest waste generated in Nigerian construction projects, generating rates that range between 15–20%, while soil and stones, plastic, and packing materials are the least, with 2–4% generating rates, as indicated in Figure 1.



According to Ajayi et al. [41], the process of handling of waste involves identifying waste stream, evaluating waste on-site, deciding the final destination of waste materials, segregating waste, and careful studying of the handling procedures on-site. The waste streams are the flow of the waste that are specified right from their sources through recovery and recycling to the final disposal. However, waste framework and legislative structure must be instituted if any sustainable waste sector is to be achieved [42,43]. Many countries are now developing a waste framework directive to curb the adverse effect of waste. According to a report by the European Environmental Agency, most of the EU has established and implemented a framework that can lead to a recycling rate of about 90% [26]. Recently, the Nigerian government aimed at developing a sustainable waste management legislation to curb the generation and adverse effects of waste on its environment, but there are still problems yet to be tackled in terms of this reality [44,45]. In addition, the waste management system must be understood and accepted by all concerned before its implementation. Thus, staff training, communicating with staff, and obtaining their commitment towards ensuring waste management plans is actualised are essential parts of the implementation processes [46].



In this study, the main purpose was to carry out a holistic investigation with the intention of assessing the current C&DW management strategies implemented to minimise waste in the Nigerian construction projects.




2. Materials and Methods


This study’s overall research approach is illustrated in Figure 2. The first step, i.e., planning, shows that a review of literature was conducted on the basis of the research aim and a set of identified variables. Thus, 20 variables were selected as the most appropriate C&DW management strategies to be implemented in the construction projects. However, using a Likert scale ranking, we ranked the selected variables accordingly. Subsequently, an exploratory factor analysis (EFA) was conducted, and results were interpreted.



2.1. Study Area


The research was conducted in Lagos metropolis, Nigeria. The metropolis is one of the urban cities located in the southwestern part of Nigeria around latitudes 6022-42 N and longitude 2042′ E. The humid tropical climate known as monsoon tropical climate is characterised by 2 rainy (between April–July and September–November) and 1 dry (December–March) seasons. Mean annual rainfall ranges between 1382 and 2733 mm, with an average of 2500 mm, while monthly rainfall ranges between 25 mm and more than 400 mm. The maximum temperature varies between 30 and 34 °C, while the minimum temperature varies between 23 and 27 °C. The relative humidity is about 70% high throughout the year [14]. Lagos state is part of the southwest zone, which is part of the six geopolitical zones in Nigeria, with its capital in Ikeja. Lagos is the nation’s largest urban area in Nigeria. It is a major financial centre and there are many construction companies, with nearly 60% of construction activities taking place in Lagos. Likewise, Lagos comprises 20 local government areas and it is a major determinant of the largest volume of C&DW generated in the Nigerian construction sector due to its population growth and industrialisation [12,47].



Presently, the population of Lagos is projected at 21 million people with a density of 6050 per km, thus generating approximately 13,000 tons of municipal waste, of which 70 percent of its volume end in landfill sites across the metropolis as illustrated by Figure 3 [48]. However, these landfill sites are still in operation in Lagos with the increasing urban development, being due to lack of decisive action by the government to increase the levies paid by landfill operators. The inefficient management of waste due to poor urban planning, inadequate policy framework, and legal structures that can effectively manage the waste consequently result into large amount of waste disposed in various landfill site in the metropolis of Lagos. Although this large amount of waste disposed in several landfill sites in Lagos is peculiar to every urban city in the country [49].




2.2. Survey Instrument


The data used were collected through primary and secondary sources of data collection. According to Creswell [50], the data collection stage is vital in achieving the objectives of any research investigation because it involves gathering all the required information from the important sources. The primary data collected for this study was generated by administering well-structured questionnaires, which are mostly used for quantitative research [51]. However, the secondary data were obtained by making use of current literature published in conference papers, government reports, and journal articles. Data were collected from construction professionals in the various construction firms in Lagos, of which out of 200 questionnaires distributed, a total of 168 questionnaires were received back from the participants. The rationale for the quantitative survey employed was due to a relatively short period of time wherein the data was collected (See Supplementary Materials).



In 87 days (between May to July, 2020), a large portion of the sample population was reached. These data were collected via emails due to the impact of the global pandemic (COVID-19), although the approach further makes use of a standard research design and fixed procedures, making it possible to gather information needed for this study. A quantitative method was employed so as to achieve the purpose of the study, helping to indicate the C&DW management strategies implemented to minimise the waste in the Nigerian construction projects. In this study, the population was composed of quantity surveyors, architects, civil engineers, project managers, civil engineers, and builders in the construction firms within Lagos metropolis, Nigeria.




2.3. Data Analysis


According to Neuman [51], data analysis can be described as a practice that involves the best way to convey orders, organisation, and significance of the bulk of data collected in a vital research aspect. In this study, collected data were analysed using descriptive statistics methods. However, the statistics techniques of EFA were performed to collect information about the one-dimensionality of the factors in order to yield their factor analysability. According to Pallant [52], factor analysis is dissimilar from other methods, such as regression. It is not scheduled to test a hypothesis to determine whether a group is essentially different from another, but it takes a larger group of variables and looks for a method through which the data may be minimised or reduced. This makes use of a smaller set of factors or components. It does this by looking for clumps or groups amongst the inter-correlations of set variables. Therefore, this study considered EFA as appropriate to group the variables into clusters which explains the situation of C&DW management strategies in the Nigerian construction projects.





3. Results


3.1. Demographic Information


The respondents consisted largely of males, comprising 73.8% of the total retrieved data sample, with females comprising 25%, and 1.2% preferred not to specify their gender. Furthermore, there was an almost even distribution of the professionals (i.e., civil engineers, builders, quantity surveyors, project managers, and architects) to ensure there was no form of bias with any of the professionals making up the larger percentage of the sample population. On average, the respondents had more than 15 years of experience, and their minimum qualification was a bachelor’s degree. The majority of the respondents worked in both public consulting and contracting firms, followed by private organisation firms, whereas government establishments had the lowest number of respondents.



Furthermore, 29.2% of the respondents had worked on housing estate projects, 17.0% had worked on road construction, and 12.5% had worked on government offices, whereas 4.2% had worked on civil works, 3.1% had worked on renovation, and 1.1% had worked on other construction projects. Most of the respondents had a high degree of experience in C&DW management practices, with 83.9% signifying their involvement in C&DW management practices in the past two years. In addition, their educational qualification and years of experiences indicated that their opinion can be relied upon and can be valid with regards to the questions and objectives of this study. The demographic findings as presented in Table 1 show the exact sample of the targeted population in this research study without any distortions.




3.2. Mean Item Score


The respondents’ ranking of their perceptions on the C&DW management strategies implemented in the Nigerian construction projects is detailed. The respondents were requested to indicate the extent to which each construction and demolition waste management strategy was used, using a five-point scale: 1 = to no extent, 2 = small extent, 3 = moderate extent, 4 = large extent, and 5 = very large extent (See Supplementary Materials). “Re-use of materials as backfills” was ranked highest, with a mean of 4.24 and standard deviation of 0.837. The second-ranked challenge was the “off-site preparation, pre-assembly, and prefabrication”, with a mean of 4.05 and a standard deviation of 0.904. “Provision of detailed information on drawings” was ranked third, with a mean of 3.83 and a standard deviation of 0.680. Ranked fourth was “building information modelling (BIM) implementation”, with a mean of 3.82 and a standard deviation 1.019. Ranked fifth was “avoiding frequent design changes”, with a mean of 3.74 and a standard deviation of 0.791, and ranked sixth was “reduction of waste at the material source”, with a mean of 3.73 and a standard deviation 0.723.



“Provision for off-site construction in the design phase” was ranked seventh, with a mean of 3.72 and a standard deviation of 0.966; ranked eighth was “improving the on-site waste management plan”, with a mean of 3.70 and a standard deviation of 0.801. The ninth-ranked C&DW management strategy used in the Nigerian construction projects was “use of standard dimension and sizes in design”, with a mean of 3.68 and a standard deviation of 0.814, and ranked tenth was “appropriate specifications on reusable, reclaimable, and recycled materials”, with a mean of 3.63 and a standard deviation of 0.919. Ranked 11th was “complete and unambiguous contract documents”, with a mean of 3.62 and a standard deviation of 0.727, and ranked 12th was “on-site sorting of materials”, with a mean of 3.61 and a standard deviation of 0.726. “Provision for off-site construction in the design phase” was ranked 13th, with a mean of 3.58 and a standard deviation of 0.808; “avoidance of late drawings, revisions, and submissions” ranked 14th, with a mean of 3.54 and a standard deviation of 0.788; and “provision for deconstruction and disassembly in the design phase” ranked 15th, with a mean of 3.43 and a standard deviation of 0.859.



“Provision for material optimisation in the design phase” was ranked 16th, with a mean of 3.40 and standard deviation of 0.786, while “establishment of waste separation and collection techniques” was ranked 17th, with a mean of 3.35 and a standard deviation of 0.882. “Government intervention through landfill tax” and “provision for waste efficient procurement in the design phase” both had a mean of 3.32 and standard deviations of 0.949 and 0.843 respectively, while the lowest ranked— “adding waste minimisation in contractual clauses”, with a mean of 3.26 and a standard deviation of 0.929—ranked 20th. Table 2 shows the descriptive statistics of C&DW management strategies implemented in the Nigerian construction projects.




3.3. Exploratory Factor Analysis (EFA)


3.3.1. Measure of Sampling Adequacy


To carry out the EFA, we established the suitability of data by inspecting the correlation matrix to indicate the coefficient value of 0.4 and above, which was suitable for factor analysis. The Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy was used to show the adequacy of the distribution of values in order to proceed with EFA. According to Pallant [51], data distribution measure of 0.6 is acceptable for the EFA. Table 3 shows that the KMO value was 0.927, which was above the acceptable 0.6, while the Bartlett’s test of sphericity revealed that there was a statistical significance in the variables with value (0.000) less than 0.050, making them factorable. The correlation matrix table showed that there was a correlation coefficient > 0.3, which supported the KMO and Bartlett’s test for the factorability of the datasets.




3.3.2. Pattern Matrix


The steep slope displayed the large factor whereas the gradual trailing off revealed the rest of the factors that have an eigenvalue lower than 1. Two clusters of factors were positioned on the slope, and they were retained. Table 4 indicates the pattern matrix that displays the factor loadings of each of the variables. The highest loading items on the factors are shown.




3.3.3. Reliability and Normality Test


A reliability test was carried out on the variable clusters, which indicated that the variables measured were valid for the cluster they belonged to. In addition, a normality test was carried out on the compared groups to ascertain whether they were distributed normally or not. In this study, 0.05 was used as the lowest value for normality tests. Sample sizes from 50 and above use the Kolmogorov–Smimov statistics results, while for sample sizes that were less than 50, usually the Shapiro–Wilk statistics results are used. In this study, the sample size was greater than 50; therefore, Kolmogorov–Smimov statistics results were used. Table 5 shows both the reliability and normality test for the factor clusters.






4. Discussion


To achieve the ideas of indicating the C&DW management strategies implemented in the Nigerian construction projects, we carried out an exploratory factor analysis, producing three factor clusters. According to the results from Table 3 (see Section 3.3.2) showing the rotation matrices, the 20 variables were factored into 3 clusters, which were interpreted on the basis of the observed inherent relationship that exists among the variables in the clusters.



4.1. Cluster Description


4.1.1. Cluster 1—Legal Framework and Modular Construction


Seven variables were loaded onto cluster 1, as shown in Table 3. These variables were “establishment of waste separation and collection techniques” (0.780); “appropriate specifications on reusable” (0.744); “reclaimable and recycled materials” (0.703); “provision for deconstruction and disassembly in the design phase” (0.551); “BIM implementation” (0.524); “government intervention through landfill tax” (0.502); and “off-site preparation, pre-assembly, and prefabrication” (0.471). All these variables can be observed to relate to waste management approaches implemented during the construction and execution phases of the projects. This factor cluster can therefore be termed as “legal framework and modular construction”. This cluster had a total variance of 59.567%, which makes it the most notable C&DW management strategy implemented in the Nigerian construction industry.



This finding affirms that establishing waste separation and collection techniques will in due course reduce waste generated at each phase of construction. One of the ways in which waste can be controlled and minimised is to specify the appropriate re-use of waste materials on sites. Reclaimable and recyclable materials are used as an alternative to disposal in landfills. However, strict laws and expensive landfill levies imposed on landfill site disposals reduce the reliance on landfills, making those involved think of possible alternatives. In addition, the separation of materials is necessary to ensure pure, quality materials. Likewise, it is confirmed that proper material recovery through the provision for deconstruction and disassembly at the design phases in construction ultimately reduces the waste, even at that phase. However, off-site preparation, pre-assembly, and prefabrication are the best means of eliminating waste before the inception of construction activities on sites.



Off-site construction and prefabrication are carried out in construction projects in Nigeria, but the degree of adoption of the development is low in comparison to the total number of construction firms in the country. The increased awareness and implementation of the building information modelling (BIM) is also another modularity in construction, which obviously reduces, or eliminates, waste in construction. However, among the indicated waste management approaches in this cluster, the adoption of modularity in construction projects in Nigeria is still below standard and needs an upgrade in either the approach or method of application of these approaches to ensure the waste management systems are more sustainable.




4.1.2. Cluster 2—Sustainable Procurement and Material Optimisation


In the second cluster, there were 10 variables loaded onto it. These variables were “reduction of waste at the material source” (0.753), “improving the on-site waste management plan” (0.636); “adding waste minimisation in contractual clauses” (0.629); “provision for waste efficient procurement in the design phase” (0.596); “provision for off-site construction in the design phase” (0.572); “provision for material optimisation in the design phase” (0.562); “re-use of materials as backfills” (0.551); “on-site sorting of materials” (0.531); “avoidance of late drawings, revisions, and submissions” (0.528); and “complete and unambiguous contract documents” (0.410). All these variables can be observed to relate to waste generation during both the planning, design, and execution phases of the construction projects. This cluster was therefore labelled “sustainable procurement and material optimisation”. Thus, with the total variance of 17.115%, this cluster was ranked as the second strategy to C&DW management used in the Nigerian construction industry behind the variables in cluster 1.



This finding indicates that the sustainable procurement of materials by making provision for waste-efficient procurement in the design, reduction of waste at sources, optimising materials’ re-use, and recovery will make waste elimination or avoidance possible. In addition, on-site material sorting, separation for either re-use or recycling increases the usage of materials, hence reducing construction costs. However, many of the procurement procedures and the implementation are still deficient in reducing waste in the country. The contractual documents must contain waste minimisation, and no room should be given to contractual ambiguity. Likewise, it can be opined that the procurement of materials must be sustainable to eliminate waste, and if any country hopes to minimise waste generation, it must focus on the procurement policies and contract details of every construction project to make them eco-friendly. In addition, late drawings, revisions, and submissions must be avoided.




4.1.3. Cluster 3—Construction Detailing and Design


The third cluster consists of three variables, namely, “use of standard dimension and sizes in design” (0.688), “provision of detailed information on drawings” (0.630), and “avoiding frequent design changes” (0.588). All these factors relate with the cluster labelled “construction detailing and design”. This cluster had a total variance of 15.885%, which makes it the third ranked C&DW management strategy in the Nigerian construction projects.



This finding indicates that in Nigerian construction projects, avoiding frequent changes in design, making use of standard dimensions and sizes in design, and ensuring the drawings are well detailed is key to sustainable construction projects. Lack of this concrete information provision on drawings by the architects and many unclear and drawings has resulted in misinterpretation, which has led to waste being generated in construction sites. However, site engineers must painstakingly take note of every detail in the drawings provided for the construction projects.




4.1.4. Implication of Findings


The management directive regarding the development of a sustainable waste management plan requires the involvement of experts and professionals who meet the requirements to supervise site operatives, as well as awareness among craftsmen and women to give them concrete information and training in practice. However, this can reduce C&DW in a negligible manner. When the waste management approach is implemented, it can cause a reduction in the construction costs, improvement of output, and better storage and handling of materials transported to sites. In addition, the need for the application of proper construction detailing and precise design cannot be overemphasized. A high requirement of expertise should be in place when selecting civil engineers as site supervisors in order to ensure the process of design is not marred with errors that could possibly generate huge amounts of waste.






5. Conclusions


This study set out to investigate the C&DW management strategies implemented in the Nigerian construction projects. The reviews of literature identified C&DW management strategies implemented throughout the life cycle phases of the construction projects that consist of the establishment of waste separation and collection techniques, and appropriate specifications on reusable, reclaimable, and recycled materials. Likewise, provision for deconstruction and disassembly in the design phase; BIM implementation; government intervention through increased landfill tax; off-site preparation, pre-assembly, and prefabrication; reduction of waste at the material source; improving the on-site waste management plan; and adding waste minimisation in contractual clauses can contribute to C&DW management. In addition, provision for efficient procurement in the design phase; provision for off-site construction in the design phase; provision for material optimisation in the design phase; re-use of materials as backfills; on-site sorting of materials; avoidance of late drawings, revisions, and submissions; and complete and unambiguous contract documents can make a difference to the management of waste. The use of standard dimensions and sizes in design, provision of detailed information on drawings, and avoidance of frequent design changes were also indicated in this study.



From the survey results obtained from respondents, the major waste management strategies implemented included re-use of materials as backfills; off-site preparation, pre-assembly, and prefabrication; provision of detailed information on drawings; and BIM implementation. The results show that the level of utilisation of some of these approaches is moderate, especially the adoption of modularity in construction projects in Nigeria, which is still below standard, while many of the procurement procedures and their implementation are still deficient in reducing waste in the country. However, the waste management still has some basic sustainability traits.




6. Recommendation


To ensure the waste management is sustainable in the Nigerian construction sector, an upgrading in either the approach or method of application is required. Furthermore, the procurement procedure and policies must focus on ways to eliminate or minimise waste. Site engineers must painstakingly take note of every detail in the drawings provided for the construction projects in Nigeria. In addition, awareness should be made to promote secondary material sales which thus expand the secondary market. Although this study focuses on an inclusive assessment of the waste management status quo in Nigeria, further research can consider the life cycle assessment tool to evaluate the performance of the C&DW management system or/procedure using sustainability indicators and quantitatively collected data.
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Figure 1. Percentage (%) composition of waste in Nigeria [3]. 
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Figure 2. Overall research procedure. 
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Figure 3. Map of Lagos state and locations of landfill sites [49]. 
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Table 1. Demographic information.






Table 1. Demographic information.





	
Description

	
Indication

	
Percentage






	
Gender

	
Male

	
73.8




	
Female

	
25.0




	
Prefer not to indicate

	
1.2




	
Projects undertaken

	
Housing estates

	
29.2




	
Road construction

	
17.0




	
Government offices

	
12.5




	
School

	
10.1




	
Shopping complex

	
4.5




	
Hospitals

	
4.3




	
Civil works

	
4.2




	
Stadia

	
3.5




	
Renovations

	
3.2




	
Other projects

	
1.1




	
Professions

	
Civil engineers

	
27.4




	
Quantity surveyors

	
22.6




	
Builders

	
17.9




	
Architects

	
17.9




	
Project managers

	
14.3




	
Involvement in waste management

	
Involved

	
83.9




	
Not involved

	
8.9




	
Unsure

	
7.2
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.











	Construction and Demolition Waste Management Strategies
	Mean
	Standard Deviation
	Rank





	Re-use of materials as backfills
	4.24
	0.837
	1



	Off-site preparation, pre-assembly, and prefabrication
	4.05
	0.904
	2



	
	
	
	



	Provision of detailed information on drawings
	3.83
	0.608
	3



	BIM implementation
	3.82
	1.019
	4



	Avoiding frequent design changes
	3.74
	0.791
	5



	Reduction of waste at the material source
	3.73
	0.723
	6



	Provision for off-site construction in the design phase
	3.72
	0.966
	7



	Improving the on-site waste management plan
	3.70
	0.801
	8



	Use of standard dimension and sizes in design
	3.68
	0.814
	9



	Appropriate specifications on reusable, reclaimable, and recycled materials
	3.63
	0.919
	10



	Complete and unambiguous contract documents
	3.62
	0.727
	11



	On-site sorting of materials
	3.61
	0.726
	12



	Provision for off-site construction in the design phase
	3.58
	0.808
	13



	Avoidance of late drawings, revisions, and submissions
	3.54
	0.788
	14



	Provision for deconstruction and disassembly in the design phase
	3.43
	0.859
	15



	Provision for material optimisation in the design phase
	3.40
	0.726
	16



	Establishment of waste separation and collection techniques
	3.35
	0.882
	17



	Government intervention through landfill tax
	3.32
	0.843
	18



	Provision for waste efficient procurement in the design phase
	3.32
	0.949
	18



	Adding waste minimisation in contractual clauses
	3.26
	0.929
	20
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Table 3. Kaiser–Meyer–Olkin (KMO) measure and Bartlett’s test.
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Kaiser–Meyer–Olkin Measure of Sampling Adequacy

	
0.927






	
Bartlett’s test of sphericity

	
Approximate chi-squared

	
2218.378




	
Df

	
168




	
Sig.

	
0.000
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Table 4. Pattern matrix a.
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	1
	2
	3





	Establishment of waste separation and collection techniques
	0.780
	
	



	Appropriate specifications on reusable, reclaimable, and recycled materials
	0.744
	
	



	Provision for deconstruction and disassembly in the design phase
	0.703
	
	



	Creating awareness among contractors
	0.551
	
	



	BIM implementation
	0.524
	
	



	Government intervention through landfill tax
	0.502
	
	



	Off-site preparation, pre-assembly, and prefabrication
	0.471
	
	



	Reduction of waste at the material source
	
	0.753
	



	Improving the on-site waste management plan
	
	0.636
	



	Adding waste minimisation in contractual clauses
	
	0.629
	



	Provision for waste efficient procurement in the design phase
	
	0.596
	



	Provision for off-site construction in the design phase
	
	0.572
	



	Provision for material optimisation in the design phase
	
	0.562
	



	Re-use of materials as backfills
	
	0.551
	



	On-site sorting of materials
	
	0.531
	



	Avoidance of late drawings, revisions, and submissions
	
	0.528
	



	Complete and unambiguous contract documents
	
	0.410
	



	Use of standard dimension and sizes in design
	
	
	0.688



	Provision of detailed information on drawings
	
	
	0.630



	Avoiding frequent design changes
	
	
	0.588







a Rotation method: varimax with Kaiser normalization.
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Table 5. Clusters’ reliability and normality test.
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Cronbach’s Alpha Coefficient

	
Kolmogorov–Smimov

	
Shapiro–Wilk




	

	
Statistics

	
df

	
p-Value

	
Statistics

	
df

	
p-Value






	
Legal framework and modular construction

	
0.840

	
0.189

	
168

	
0.000

	

	

	




	
Construction material optimisation

	
0.826

	
0.248

	
168

	
0.000

	

	

	




	
Construction detailing and design

	
0.784

	
0.256

	
168

	
0.000
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