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Abstract: This study evaluates the use of project documents in projects procured by traditional contracts and the influence of these documents on the project outcome using a questionnaire survey approach. Data on project documents prepared at the inception, design, tendering and construction stages of projects procured by traditional contracts and the outcome of the projects were collected from a sample of 42 project leaders using a structured questionnaire. The data collected were analysed to determine the levels of use of 21 selected project documents at the inception, design, tendering, construction and overall procurement phases. Respondents’ assessment of the delivery time, cost and quality, time and cost overruns and the percentages of time overrun from the initial contract periods and cost overrun from the initial contract sums of the projects were analysed using the percentage, mean and Spearman correlation test. The results reveal that the use of project documents during each project stage and the overall procurement phase in projects procured by the traditional contract method must be improved and that this improvement will enhance the outcome of the projects. The study suggests that developers should ensure that project documents with low levels of use are prepared when they adopt the option to procure projects.
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INTRODUCTION

Procurement methods have become an important issue in the construction industry for two reasons. First, the procurement of construction projects involves a series of interrelated and sequential processes. The effectiveness and efficiency of these processes have a considerable impact on the success or failure of a project. Second, there are several procurement methods available for a developer to adopt when procuring a project. For this reason, one major challenge faced by project developers is deciding which method to adopt among the available procurement options. Alhazini and McCaffer (2000) maintain that each project has its own characteristics and requirements and that, for a project to be successful, the procurement method must address the technical features of the project alongside the clients and contractors’ needs.

One of the available options for procuring construction projects is the traditional contract, also referred to as the design-bid-build (DBB) method. This method is most popular option in most developed and developing economies. In a survey of procurement systems used in the United Kingdom (UK), Masterman (1992) estimated that the traditional contract system is used 40% of the time. Ibbs et al. (2003) maintain that the DBB method is the most accepted traditional project delivery system, especially for public projects in the United States (US). Ling et al. (2004) stated that the DBB method is the prevalent procurement method in many countries, including Singapore, the UK and the US. Oyegoke (2004) estimates that the DBB method is used 28% to 83% and 49% to 68% of the time in Finland based on the value of contracts executed in Euros and on the number of contracts executed between 1989 and 2001, respectively. He discovers that the method is the most used procurement option in Finland. In Nigeria, research and investigative reports confirm that the traditional contract is the option by which governments and their parastatals, private organisations and individuals execute the majority of construction projects. Reports by the 1980 Ministerial Committee on the causes of expensive government contracts, the 1984 Panel that probed contracts awarded by the Federal Government of Nigeria between 1979 and 1983, the 1985 panel of investigation into the activities of the Federal Housing Authority and the 1999 Panel that investigated contracts awarded by the Petroleum Trust Fund reveal that government projects were mainly procured by the traditional contract method. In a survey of the procurement options used in Nigeria, Ogunsanmi and Bamisile (1997) discover that 65% of projects are procured by the traditional contract method. Ojo, Adeyemi and Ikpo (2000) report that the most frequently used procurement method in Nigeria is the traditional contract method. Furthermore, contract prices were highly inflated, and the prices of government contracts in Nigeria were relatively higher than those in other developing countries (Ministerial Committee on Causes of High Government Contracts in Nigeria, 1982). In a survey of projects procured by direct labour and traditional contract methods, Idoro (2007) discovers that projects procured by the traditional contract method overrun their scheduled delivery time and budget by 49.38% and 28.40%, respectively.

From the studies above, it is clear that the problem with the traditional procurement method in Nigeria is related to the long delays and high cost overruns of the projects. The challenge before researchers and stakeholders in the Nigerian construction industry is determining how to improve the performance of the traditional method and in particular, the high overruns in the delivery time and cost of the projects procured by this method. One of the ways to achieve improved performance in projects procured by the method is to ensure that effective and efficient documentation is completed when projects are procured by the traditional method. Studies conducted by Faniran, Oluwoye and Lenard (1994) and (1998), Kharbanda and Pinto (1996), Elinwa and Joshua (2001) and Naoum, Fong and Walker (2004) show that the success or failure of the procurement method adopted and the projects procured is determined by the level of planning done during procurement.

To determine ways in which the performance of projects procured by traditional contracts can be improved, this study evaluates the influence of the level of use of project documents on the outcome of projects procured by traditional contracts. The objectives of this study are to evaluate the levels of use of 21 project documents when projects are procured by the traditional contract method, the levels of use of project documents at the inception, design, tendering and construction stages and the overall procurement phase and their influence on the outcome of projects procured by traditional contracts. The achievement of these objectives is significant in several ways. First, the evaluation of the levels of use of important project documents when projects are procured by traditional contracts and the levels of use of the documents at each project stage will assist stakeholders in determining the level of effort that they put into the documentation of projects procured by the method and whether these efforts are adequate. Second, the results will assist stakeholders in evaluating the effectiveness of their efforts on project documentation. Third, the results will assist stakeholders in improving the performance of the procurement option and the projects procured by it.

Traditional Contract Procurement Method

Every construction project is typically procured by a chain of processes referred to as the procurement method. Chan (2000) and Yakowenko (2004) maintain that there are several options by which a project can be procured and that no single option is appropriate for all projects. This study focuses on the traditional contract method, which is the most prominent procurement option in the Nigerian construction industry (Ojo, Adeyemi and Ikpo 2000; Idoro, 2007). Hovet (1996) and Yakowenko (2004) describe the procurement option as the traditional contract procurement method. Naoum and Langford (1984) reflect that the fragmentation and separation between design and construction characterise the DBB procurement method, and this separation places a burden on the management of building contracts. Mohsini and Davidson (1992) describe the traditional contract method as the traditional project delivery system whereby the owner contracts separately with a designer and constructor to design and construct a facility separately. The authors note that in the procurement arrangement, the design and construction groups are both involved as separate entities. Henry and Brothers (2001) suggest that the DBB method is traditionally used for construction in the military, and it follows a three-step regimented process that typically includes the preparation of a comprehensive design package, solicitation of the contract and awarding of the contract to the lowest responsive, responsible bidder. Ibbs et al. (2003) state that in the DBB method, a project is separated into the design and construction phases. With the two well-defined phases, construction begins when the design is completed and the drawings become the basis for bidding.

Project Planning

Project planning is perhaps the most important project management function. Naoum et al. (2004) describe project planning as one of the tools used by stakeholders to ensure that construction projects are successful. Hore et al. (1997) and Faniran, Love and Smith (2000) describe project planning as the systematic arrangement of project resources in the optimal manner so as to achieve the project objectives. Project planning requires that project objectives be defined first, and then the strategies to achieve these objectives are formulated. Project planning can be described as the process of defining project objectives, determining the framework, methods, strategies, tactics, targets and deadlines to achieve the objectives and communicating them to the project stakeholders. The project planning process requires that the client’s expectations or requirements and available resources be defined and matched to a set of project objectives. Then the available options are identified and evaluated, and the most appropriate frameworks, strategies and tactics to achieve the objectives are selected. The process involves the preparation of numerous project documents, each representing defined strategies to achieve the defined project objective(s).


Project planning and project performance are two complementary activities in project management and the basis of project success or failure is defined in project planning. Faniran, Oluwoye and Lenard (1998) observe that the objective of project planning is to complete a project within a fixed amount of time, at a previously estimated cost and to specified standards of quality. This assertion implies that the effectiveness of project planning is measured by project performance. Naoum (1991), Ling and Chan (2002) and Thomas et al. (2002) also regard project performance as the basis of evaluating the effectiveness of project planning. Dvir, Raz and Shenhar (2003) identify three levels of project planning: 1) the end-user level, in which planning focuses mainly on the functional characteristics of the project end-product; 2) the technical level, which focuses on the technical specifications of the project deliverables required to support the functional requirements and 3) the project management level, which focuses on planning the activities and processes required to ensure that the technical work proceeds effectively. These three planning levels can otherwise be regarded as project conception planning, project design planning and construction planning, respectively.

Project performance

Project performance remains a prominent issue in project delivery because projects involve defined objectives that must be achieved and numerous resources that need to be efficiently utilised. Robinson et al. (2005) emphasised the need to develop and use tools to measure project performance, and Naoum (1999), Ling and Chan (2002), Thomas et al. (2002) and Josephson and Lindstrom (2007) developed numerous parameters for measuring project performance. Josephson and Lindstrom (2007) identified 250 parameters, while Ling (2004) evaluated 70 potential factors for measuring project performance. These parameters can be classified as subjective and objective parameters. Ling (2004) stated that the performance of a project is multifaceted and may include unit cost, construction and delivery speeds and the level of clients’ satisfaction. Pinto and Slevin (1998) classified project performance parameters into (1) internal factors, which are project variables such as schedule, cost and quality, and (2) external factors, which are concerned with the stakeholders’ satisfaction with the project performance and the perceived impact on the organisation’s effectiveness. Ling et al. (2004) identified two categories of indicators for project success, including product success, which consists of measures of the degree to which quality standards are achieved, and process success, which consists of variables that measure the achievement of time and cost.

For stakeholders’ satisfaction, clients remain the most important stakeholder when considering project performance. Neto et al. (2007) stated that matching or exceeding the client’s expectations results in a satisfied client. They further stated that the client’s satisfaction can reflect on how loyal a client becomes to a provider or brand and can result in higher sales volumes, lower levels of price sensitivity and positive comments about the provider and the brand. Client satisfaction can be measured from several perspectives (Idoro, 2008); however, time, cost and quality have remained the most prominent criteria in research studies. Josephson and Lindstrom (2007) suggested that a project goal considering clients’ goals is measured from several perspectives, but the main aim is to stimulate clients to identify and clearly present their goals and stimulate all of the managers involved to inform and remind everyone of the goals. Hatush and Skitmore (1997) maintained that success in a project is typically operationalised into time, cost and quality. Michell et al. (2007) remarked that the primary concern of construction clients is that their projects are completed within budget, on time and at the required level of quality.

For the objective measurement of a project outcome, schedule and cost are typically mentioned in research studies. Michell et al. (2007) identified time and cost as the principal factors. The third parameter (quality) is not a common objective parameter in research studies because as Vincent and Joel (1995) stated, stakeholders see the goal of quality management as customer satisfaction. From the perspective of previous studies, time and cost overruns remain the prominent indicators when objectively measuring a project outcome. However, these two parameters have their limitations because their values rely on the initial contract period and cost of a project, respectively.

RESEARCH METHODS

A field survey was conducted to collect the data used for the study. A list of 211 organisations consisting of federal government ministries and parastatals, state and local governments and organised private firms from the six geo-political zones (northwest, north-central, northeast, southwest, southeast and south) in Nigeria was first prepared to serve as the population frame for the study. The organisations were identified by conducting a preliminary survey because no reliable data of such organisations were available. From the preliminary survey, 25 organisations were identified in the northwest, north-central and northeast geo-political zones, 40 organisations were identified in the southeast and south, while 56 organisations were identified in the southwest. From this population, a sample of 42 organisations consisting of seven organisations from each zone was selected by stratified random sampling. The project with the highest value among the projects procured by the traditional contract method by each of the sampled organisations was selected for the study.

The variables were classified into project documents and project outcomes. The study used a checklist of 21 project documents representing all of the project documents that the respondents indicated were prepared on their projects. The documents were classified into the inception, design, tendering and construction project delivery stages. The documents selected in the project inception stage are the life-cycle chart, survey plan, value analysis report, clients’ cash-flow chart and feasibility and viability report. The documents selected in the project design stage are the project specifications, quality management plan, bill of quantities, OHS management plan, structural drawings, buildability report, architectural, electrical and mechanical drawings and Environmental Impact Analysis (EIA) report. The documents used in the tendering stage are the method statement and project bid or tender. The documents selected in the construction stage are programme of work, material schedule, labour schedule and plant schedule. The parameters selected as project outcome indicators were classified into subjective and objective indicators. Three parameters, the clients’ assessment of project duration, cost and quality, were used as subjective indicators of the project outcome because they are regarded in research studies as the primary concerns of clients (Michell et al., 2007). Four parameters, project time and cost overruns, percentage of time overrun to the initial contract period and percentage of cost overrun to the initial contract sum, were determined to be the principal factors for measuring the performance of construction projects in previous studies and are used as objective indicators of the project outcome (Michell et al., 2007; Idoro, 2008).

The research instrument used for the survey was a structured questionnaire. The data for the study were supplied by the study population, and thus, a structured questionnaire was considered as the most effective instrument. The instrument was administered to the project leaders who were either the project manager or the architect or project officer in charge of the projects. Data were collected on the levels of use of 21 project documents. The documents stated in the variables of the study were classified into the inception, design, tendering and construction project stages. The last project stage in the procurement phase, the handing-over/commissioning phase, was excluded because it is the close of a project. Respondents were asked to indicate whether each of the documents was prepared or not prepared during the delivery of the projects. Their responses were weighted as follows: prepared = 1, not prepared = 0. These two weights were adopted because the study was interested in the documents that were prepared to derive their levels of use. Data were also collected on both the subjective and objective parameters of the project outcome. Data collected on the objective parameters of the project outcome were the initial contract period, initial contract sum, actual contract period and final contract sum of the projects used for the study. The subjective parameters of the project outcome were measured using the ranks of poor, low, moderate, high and very high. Five-rating scales identified from previous studies were adopted to provide a sufficient amount of options that will match the respondents’ perceptions. These ranks were weighted as follows: poor = 1, low = 2, moderate = 3, high = 4 and very high = 5. Respondents were asked to indicate their assessment of the duration, cost and quality of their projects based on the ranks provided. In the analysis, the levels of use of the selected project documents were calculated as the number of projects in which a document was prepared divided by the number of respondents. The levels of use of project documents at the inception, design, tendering and construction stages were calculated as the number of documents prepared divided by the number of documents selected in each project stage, and the level of use of project documents in the overall procurement phase was calculated as the total number of documents prepared in the four project stages divided by the total number of documents selected (21). The mean was used to rank the levels of use of the selected project documents in each project stage and derive the levels of use of project documents at the inception, design, tendering and construction stages and the overall procurement phase and the outcome of projects sampled. The data collected were processed and analysed using version 17 of the Statistical Package for Social Scientists (SPSS) software. The Spearman correlation test was used to test for correlations between the levels of use of project documents at the conception, design, tendering and construction stages and the overall procurement phase and the outcome of projects procured by the method.


Hypothesis of the Study

To evaluate the influence of the levels of use of project documents on the outcome of projects procured by traditional contracts, a research hypothesis was postulated. The hypothesis states that the levels of use of project documents at each project stage and the entire procurement phase when projects are procured by the traditional contract method have no significant correlation with the outcome of the projects. The results of the hypothesis are expected to reveal the effectiveness of project documentation in the delivery of construction projects procured by the traditional contract method.

RESULTS OF THE STUDY

The data collected were analysed to achieve the objectives of the study. The results are presented below.

Description of the Sample

The first investigation conducted in the study determines the characteristics of construction projects used for the study. For this investigation, six parameters were used: the construction type, client type, procurement management method, building rise, initial contract period and initial contract sum. The construction type consists of new construction and redevelopment/renovation; client type consists of public and private clients and procurement management methods include traditional contract management, project management and construction management. The building rise refers to the number of floors in a building and is classified as low-rise (1–3 floors), medium-rise (4–7 floors) and high-rise (above 7 floors). The initial contract period refers to the number of weeks proposed for the construction of a project and is classified as short duration (1–26 weeks), average duration (27–52 weeks) and long duration (above 52 weeks). The proposed cost or budget for the construction of a project is classified as N1–25 million, N26–50 million, N51–75 million, N76–100 million and above N100 million, where N is Naira (the official Nigerian currency). The percentages of the types of construction and clients, procurement management methods, building rise categories, scheduled delivery periods and project budgets for the projects were analysed and ranked. The results are presented in Table 1.


Table 1. Descriptive Result of the Characteristics of the Study Sample
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Table 1 shows that the majority of the projects used for the study are new construction and are procured by private organisations. All the projects used for the study are managed by the traditional contract method, and the majority of the projects are low-rise buildings. The majority of the projects have a long duration, and the cost of the majority of the projects is above N75 million.

Levels of Use of Selected Documents in Projects Procured by the Traditional Contract Method

The study investigated the levels of use of 21 project documents that were prepared during the delivery of the projects sampled. The documents described in the variables of the study consist of five inception stage documents, ten design stage documents, two tendering stage documents and four construction stage documents. The purpose of the investigation is to determine the importance given the documents when a project is procured by the traditional contract method. To achieve this purpose, the level of use of each document was evaluated as the percentage of the number of projects in which the document was prepared out of the total number of projects used for the study. The mean levels of use of the documents were analysed and ranked to determine the importance given to each document at each project stage. The results are presented in Table 2.


Table 2. Levels of Use of the Selected Project Documents in the Projects Procured by the Design-Bid-Build Method
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The results in Table 2 reveal that the survey plan is the most used inception document, followed by the life-cycle chart and the feasibility and viability report. The clients’ cash-flow chart is the fourth most used, while the value analysis report is the least used inception document. The extent of use of the documents during the design, construction and tendering stages are also shown in Table 2.

Levels of Use of Documents in the Selected Project Stages and the Overall Procurement Phase in Projects Procured by the Traditional Contract Method

After evaluating the extent to which each project document is used, the study further investigated the extent to which the documents are used in each of the four stages and the overall procurement phase of the projects. For this purpose, the level of use of project documents in each project stage was evaluated as the percentage of the number of documents prepared in the project stage out of the total number of documents selected in each stage (five for the inception stage, ten for the design stage, two for the tendering stage and four for the construction stage). The level of use of project documents in the overall procurement phase in each project was evaluated as the percentage of the total number of documents prepared in the four stages out of the total number of documents investigated (21). The mean levels of use of project documents in each project stage and the overall procurement phase in the projects were analysed, and the results are presented in Table 3.

Table 3 shows that the level of use of project documents at the inception stage for the projects sampled is 78.10%, indicating that approximately four out of the five inception documents used for the study were prepared in the projects sampled. Table 3 also shows that the level of use of project documents at the design stage is 69.52%, indicating that approximately seven out of the ten inception stage documents used for the study were prepared in the projects sampled. Table 3 also shows that the level of use of project documents at the tendering stage is 76.19%, indicating that the method statement and tender were prepared in over half of the projects sampled. Table 3 reveals that the level of use of project documents at the construction stage is 59.52%, indicating that only about two of the four construction stage documents used for the study were prepared in the projects sampled. The results in Table 3 also reveal that the level of use of project documents in the overall procurement phase of the projects used for the study is 71.90%, implying that about 18 of the 21 project documents used for the study were prepared in the projects sampled.


Table 3. Levels of Use of Project Documents at the Inception, Design, Tendering, Construction Stages and the Overall Procurement Phase in the Projects Procured by the Design-Bid-Build Method



	Project Stage
	R

	Mean




	Level of use of documents at inception stage
	42

	78.10




	Level of use of documents at design stage
	42

	69.52




	Level of use of documents at tendering stage
	42

	76.19




	Level of use of documents at construction stage
	42

	59.52




	Level of use of documents in overall procurement phase
	42

	71.90




R = Number of respondents

Outcome of the Projects Procured by the Traditional Contract Method

The project outcome has been identified as the yardstick for determining the effectiveness of project planning. Based on this criterion, the study attempted to determine the outcomes of the projects used for the study. For this investigation, seven project outcome indicators described in the variables of the study were used. The clients’ assessment of the project delivery time, cost and quality were measured using the five ranks described in the methods of the study. The time and cost overruns and the percentages of time overrun to the initial contract period and cost overrun to the initial contract sum were evaluated from the initial and actual contract periods and the sums of the projects sampled, respectively. The mean outcomes of the projects were analysed, and the results are presented in Table 4.


Table 4. Mean Outcome of the Projects Procured by the Design-Bid-Build Method



	Project Outcome Indicator
	R

	Mean




	Clients’ satisfaction with project duration
	42

	3.14




	Clients’ satisfaction with project cost
	42

	2.38




	Clients’ satisfaction with project quality
	42

	2.85




	Project time overrun
	26

	4.84 weeks




	Project cost overrun
	32

	N8.03 m




	% time overrun/initial contract period
	33

	10.87




	% cost overrun/initial contract sum
	24

	8.78




R = Number of respondents, N = Naira (Nigerian official currency), m = million

The results in Table 4 reveal that the mean satisfaction with the project duration by their respective owners is 3.14. The mean satisfaction with the project cost is 2.38, while that of the project quality is 2.85. The results indicate that the level of satisfaction of the owners with the duration of the projects is moderate, while the levels of satisfaction of the owners with the cost and quality of the projects are low and below moderate, respectively. Table 4 also reveals that the mean time overrun of the projects is 4.84 weeks and the mean cost overrun is N8.03 million. When the time overrun is compared with the initial contract period of the projects, the mean percentage of time overrun to scheduled delivery period is 10.87. When the cost overrun is compared with the initial contract sum of the projects, the mean percentage of cost overrun to the initial contract sum is 8.78.

Correlation between the Levels of Use of Documents in the Selected Project Stages and the Overall Procurement Phase and the Outcome of Projects Procured by the Traditional Contract Method

The main aim of the study is to establish whether the use of project documents can be used to improve the outcome of construction projects procured by the traditional contract method. The results of the study have established the levels of use of project documents in the projects sampled and their outcomes. The study further attempted to determine whether there is a correlation between the results of the levels of use of project documents and the outcome of the projects. This investigation attempts to determine whether the use of the documents can influence the project outcome. A hypothesis of the study was postulated for the purpose of this investigation. The hypothesis states that the levels of use of project documents at each project stage and the overall procurement phase has no significant correlation with the outcome of the projects when projects are procured by the traditional contract method. The hypothesis was tested using the Spearman correlation test with p ≤ 0.05. The rule for the acceptance or rejection of the hypothesis is that when the p-value > 0.05, the hypothesis is accepted, but when the p-value ≤ 0.05, the hypothesis is rejected. The results of the test are presented in Table 5.

The results in Table 5 show that the p-value for the correlation test between the level of use of inception stage documents and the owners’ assessment of project delivery period (0.792), clients’ satisfaction with the project quality (0.407), project time overrun (0.887), project cost overrun (0.243) and percentage of time overrun to the initial contract period (0.062) are greater than the critical p-value (0.05); therefore, the hypothesis is accepted for these variables. These results indicate that the level of use of the inception stage documents is not significantly correlated with the clients’ satisfaction with the delivery period and quality, the time and cost overruns and the percentage of time overrun to the initial contract period of the projects procured by the traditional contract. These results indicate that the use of project documents at the inception stage does not significantly influence the clients’ perception of the project delivery time and quality. However, the p-values for the correlation test between the level of use of the inception stage documents and the clients’ satisfaction with the project cost (0.044) and the percentage of cost overrun to the initial contract sum (0.007) are less than the critical p-value (0.05); therefore, the hypothesis is rejected for these variables. These results imply that the level of use of inception stage documents is significantly correlated with the percentage of cost overrun to the initial contract sum and the clients’ satisfaction with the cost of the projects procured by the traditional contract method.


Table 5. Results of the Spearman Test for Correlation between the Level of Use of Project Documents and the Outcome of the Projects Procured by the Design-Bid-Build Method



	Variables Correlated
	N

	R

	p-value

	Decision




	Level of use of the documents at the inception stage and



	Respondents’ assessment of project duration
	42

	–0.042

	0.792

	Accept



	Respondents’ assessment of project cost
	42

	–0313

	0.044

	Reject



	Respondents’ assessment of project quality
	42

	–0.131

	0.407

	Accept



	Project time overrun
	26

	0.029

	0.887

	Accept



	Project cost overrun
	12

	–0.365

	0.243

	Accept



	% time overrun/initial contract period
	26

	–0.365

	0.062

	Accept



	% cost overrun/initial contract sum
	12

	–0.730

	0.007

	Reject



	Level of use of documents at the design stage and



	Respondents’ assessment of project duration
	42

	–0.500

	0.001

	Reject



	Respondents’ assessment of project cost
	42

	–0.295

	0.058

	Accept



	Respondents’ assessment of project quality
	42

	–0.365

	0.018

	Reject



	Project time overrun
	26

	–0.007

	0.973

	Reject



	Project cost overrun
	12

	0.490

	0.106

	Reject



	% time overrun/initial contract period
	26

	–0.265

	0.189

	Reject



	% cost overrun/initial contract sum
	12

	0.001

	0.999

	Reject



	Level of use of documents at the tendering stage and



	Respondents’ assessment of project duration
	42

	0.130

	0.411

	Accept



	Respondents’ assessment of project cost
	42

	–0.076

	0.632

	Accept



	Respondents’ assessment of project quality
	42

	–0.076

	0.632

	Accept



	Project time overrun
	26

	–0.058

	0.779

	Accept



	Project cost overrun
	12

	0.920

	0.001

	Reject



	% time overrun/initial contract period
	26

	–0.401

	0.042

	Reject



	% cost overrun/initial contract sum
	12

	–0.200

	0.530

	Accept



	Level of use of documents at the construction stage and



	Respondents’ assessment of project duration
	42

	0.225

	0.152

	Accept



	Respondents’ assessment of project cost
	42

	0.148

	0.349

	Accept



	Respondents’ assessment of project quality
	42

	0.212

	0.177

	Accept



	Variables Correlated N R p-value Decision



	Project time overrun
	26

	–0.512

	0.008

	Reject



	Project cost overrun
	12

	0.465

	0.128

	Accept



	% time overrun/initial contract period
	26

	–0.082

	0.689

	Accept



	% cost overrun/initial contract sum
	12

	–0.775

	0.003

	Reject



	Level of use of documents at the tendering stage and



	Respondents’ assessment of project duration
	42

	–0.236

	0.132

	Accept



	Respondents’ assessment of project cost
	42

	–0.196

	0.213

	Accept



	Respondents’ assessment of project quality
	42

	–0.229

	0.146

	Accept



	Project time overrun
	26

	–0.003

	0.988

	Accept



	Project cost overrun
	12

	0.801

	0.002

	Reject



	% time overrun/initial contract period
	26

	–0.413

	0.036

	Reject



	% cost overrun/initial contract sum
	12

	–0.174

	0.588

	Accept



N = Number of respondents, R = Correlation value

Table 5 reveals that the p-values for the correlation test between the level of use of design stage documents and the clients’ satisfaction with project cost (0.058), time overrun (0.973), cost overrun (0.106), the percentage of time overrun to the initial contract period (0.189) and the percentage of cost overrun to the initial contract sum (0.999) are greater than the critical p-value (0.05); therefore, the hypothesis is accepted for these variables. The result implies that the level of use of design stage documents when the projects are procured by the traditional contract method is not significantly correlated with the clients’ satisfaction with their delivery cost and the overruns in their delivery time and cost. However, Table 5 reveals that the p-values for the correlation test between the level of use of design stage documents and the clients’ satisfaction with the duration (0.001) and quality (0.018) of the projects sampled are lower than the critical p-value (0.05); therefore, the hypothesis is rejected for these variables. These results imply that the level of use of design stage documents in the projects procured by the traditional contract method is significantly correlated with the clients’ satisfaction with the duration and quality of the projects.

Table 5 reveals that the p-values for the correlation test between the level of use of tendering stage documents and the clients’ satisfaction with the duration (0.152), cost (0.349), quality (0.177), cost overrun (0.128) and percentage of time overrun to the initial contract period (0.689) of the projects sampled are greater than the critical p-value (0.05); therefore, the hypothesis is accepted for these variables. These results imply that the preparation of a method statement and tender is not significantly correlated with the clients’ satisfaction with the duration, cost and quality of the projects sampled, their cost overrun and the percentage of time overrun to the initial contract period. However, the p-values for the correlation test between the level of use of tendering stage documents and the time overrun (0.008) and the percentage of cost overrun to the initial contract sum (0.003) of the projects sampled are lower than the critical p-value (0.05); therefore, the hypothesis is rejected for these variables. These results imply that the preparation of a method statement and tender is significantly correlated with the time overrun and the percentage of cost overrun to the initial contract sum of the projects.

Table 5 reveals that the p-values for the correlation test between the level of use of construction stage documents and the clients’ satisfaction with the duration (0.132), cost (0.213), quality (0.146), time overrun (0.988) and percentage of cost overrun to the initial contract sum (0.588) of the projects sampled are greater than the critical p-value (0.05); therefore, the hypothesis is accepted for these variables. These results imply that the preparation of the programme of work and resources’ schedules of the projects sampled is not significantly correlated with the clients’ satisfaction with their duration, cost, quality, time overrun and percentage of cost overrun to their initial contract sum. However, the p-values for the correlation test between the level of use of construction stage documents and the cost overrun (0.002) and the percentage of time overrun to the initial contract period (0.036) of the projects sampled are lower than the critical p-value (0.05); therefore, the hypothesis is rejected for these variables. These results indicate that the preparation of programme of work and resources’ schedules is not significantly correlated with the overrun in the cost of the projects sampled and the percentage of time overrun to their initial contract period.

DISCUSSIONS

The results of the analysis of the characteristics of the projects used for the study have shown that the majority of the projects are new projects, are low-rise buildings with long delivery periods and have a value above N75 million. These results indicate that although the majority of the projects used for the study are low-rise buildings, their durations are long and their values are high; thus, they may be complex projects.

The results of the study also revealed that the levels of use of inception, design, tendering and construction stage documents are 78.10, 69.52, 76.19 and 59.52, respectively, while that of the overall procurement phase is 71.90. These results indicate that the levels of use of project documents at these four project stages are above 50%; thus, the majority of the documents are prepared when the projects are procured by the traditional contract method. However, the results of the study also imply that some of the documents are not prepared and the priorities given to the documents prepared at the four (inception, design, tendering and construction) stages vary from document to document. For the inception stage documents, while a survey plan is prepared in all of the projects sampled, a life-cycle chart, feasibility and viability report and clients’ cash-flow chart are prepared in the majority of the projects. A value analysis report is prepared in a minority of the projects. For the design stage documents, while architectural drawings are prepared in all of the projects, electrical, mechanical and structural drawings, a bill of quantities, project specifications and an environmental impact analysis report are prepared in the majority of projects. An OHS management plan and a buildability report are prepared in a minority of the projects. For the tendering stage documents, both tender and method statements are prepared in the majority of the projects. For the construction stage documents, only the programme of work is prepared in all of the projects. The three resource schedules are prepared in the majority of the projects procured. The results indicate that not all of the industry players diligently comply with the required documentations in construction projects. If compliance is increased, clients will likely be more satisfied with the end products.

The implication of increasing the levels of use of the documents in each project stage is explained by the correlation between the level of use of the documents in each project stage and the overall procurement phase and the project outcome. The results of the correlation between the level of use of inception stage documents and the project outcome show that the level of use of inception stage documents does not significantly influence the respondents’ satisfaction with the cost of the projects or the percentage of cost overrun to the initial contract sum. This result implies that when more inception stage documents are prepared in construction projects procured by the traditional contract method, there will be less overrun in the contract sum of the projects and the clients will be more satisfied with the project cost. This can only be achieved if an adequate number of documents are used and if each document is of high quality. The study also reveals that the level of use of design stage documents significantly influences the respondents’ satisfaction with the project duration and quality. This result indicates that when more of the design stage documents are prepared, clients will be more satisfied with the duration and quality of projects procured by the traditional contract method. The level of use of tendering stage documents is significantly correlated with cost overrun and the percentage of time overrun to the initial contract period. This result indicates that when tender and method statements are prepared, there will be less overrun in the budgets and durations of projects procured by the traditional contract method. The level of use of construction stage documents significantly influences the time overrun and the percentage of cost overrun to the initial contract sum. This result also indicates that when the programme of work and the resource schedules required for the successful execution of projects procured by the traditional contract method are prepared, there will be less overrun in the contract sum and project duration. The level of use of project documents in the overall procurement phase significantly influences the cost overrun and the percentage of time overrun to the initial contract period. This result implies that the preparation of all of the documents required in the four project stages will help to minimise the overruns in the contract sum and project duration of projects procured by the traditional contract method. Though the quality of the individual documents is beyond the scope of the present study, it is also believed to play a significant role in minimising schedule and cost overruns.

These results indicate that the parameters for the level of use of documents prepared in each stage are effective. However, the level of use of project documents in each stage does not influence some project outcome parameters. Specifically, the level of use of inception stage documents does not influence the respondents’ assessment of project duration and quality, time and cost overruns and the percentage of time overrun to the initial contract period. The level of use of design stage documents does not significantly influence the respondents’ assessment of project cost, cost overrun and the percentage of cost overrun to the initial contract sum. The level of use of tendering stage documents has no significant influence on the respondents’ assessment of project duration, cost and quality, time overrun and the percentage of cost overrun to the initial contract sum while the level of use of construction stage documents has no significant influence on the respondents’ assessment of project duration, cost and quality, cost overrun and the percentage of time overrun to the initial contract period. These results indicate that the project outcome parameters for the level of use of project documents in each stage are ineffective.

The study has established that the levels of use of project documents at the four project stages and the overall procurement phase significantly influence the respondents’ perception of project delivery time, cost and quality and the four project outcome parameters. The validity of the results for the influence of the level of use of project documents on the respondents’ perception of project delivery time, cost and quality of the projects is not as high as that of the influence of the level of use of project documents on time and cost overruns and percentages of time and cost overruns to the initial contract period and sum, respectively. This result was expected because the respondents’ perception of the project outcome was based on subjective measurements, while the delivery time and cost of the projects were based on hard data.

CONCLUSION

The results of the study have determined the level of use of project documents when projects are procured by the traditional contract method, the outcome of the projects and their relationship. The study specifically found that the majority of the documents required at each project stage are prepared, and the analysis estimated the levels of use of the documents prepared in the four project stages to be between 59% and 78%. The study also reveals that the levels of use of project documents in the four project stages significantly influence the clients’ satisfaction with the duration, cost and quality of the projects and the overruns in their duration and budget. From these findings, the study has established that the levels of use of project documents at the inception, design, tendering, construction stages and the overall procurement phase when construction projects are procured by the traditional contract method should be increased and that such an increase will make clients more satisfied with the duration, cost and quality of the projects and reduce the overruns in the projects’ durations and budgets. These findings show that the outcome of projects procured by the traditional contract method in Nigeria will be improved with an increase in the level of use of the required project documents. Project stakeholders, especially clients, should therefore strive to ensure that the required documents at each project stage, especially those with low levels of use, are prepared when they procure projects by the traditional contract method to derive the maximum outcome when such projects are completed.

It is recognised that the effectiveness of the documents also depends on their levels of implementation and control, which are not covered in this study. Furthermore, the quality of each document prepared was not investigated. Further investigation is therefore required in these areas.
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Abstract: An earth-air heat exchanger (EAHX), also known as an earth tube heat exchanger or Canadian well, is a system for cooling and heating buildings using the ground as a heat sink/source. This study examines the ground temperature gradient and the performance of an EAHX performance in Burkina Faso. Ground temperature measurements were made at depths of 0.5 m, 1.0 m and 1.5 m. At the hottest time of the day, 15:00, the average outside temperature was 39.0°C, but the average temperature 1.5 m underground was 30.4°C. A clear phase shift was observed between the maximum outside temperature and the maximum ground temperature: the time of the day when the outside temperature is highest corresponds to the time when the underground temperature was lowest. The EAHX was 25 m long, 1.5 m underground and used a 95 m3/hr ventilator. It was able to cool the air drawn in from the outside by 7.6°C.

Keywords: Earth-air heat exchanger (EAHX), Canadian well, Passive solar cooling, Burkina Faso, Thermal ground gradient, Sub-Saharan Africa



INTRODUCTION

The Intergovernmental Panel on Climate Change (IPCC) (Pachauri and Reisinger, 2007) estimates that the Earth’s surface temperature has increased by 0.6°C and that human activities, such as burning fossil fuels for energy, have played a major role in climate change. Unfortunately, the world’s insatiable thirst for energy will only increase as poorer countries become more industrialised.

Future energy demand will be particularly strong in the home heating and cooling sector in the developing world. As people gain affluence, one of the first luxuries they seek are heating and cooling systems for their homes and offices. For example, in the United States (USA), 87% of homes have air conditioning, while in India, only 2% of homes have air conditioning (Sivak, 2009). By 2030, India will catch up with the USA in the number of air conditioning units used within the country (Issac and van Vuuen, 2009). Once a home has air conditioning, the system can account for more than half of the home’s energy consumption (Environmental Protection Agency, 2009).

A study conducted by Michael Sivak (2009) estimates that 24 of the top 50 metropolitan cities are in the developing world and are in warm climates. One city alone, Mumbai, has a cooling need equal to one quarter of the USA. It is predicted that by the end of the 21st century, the energy used for indoor cooling will be 40 times greater than it is today. This will cause the total CO2 emissions to rise from 0.8 Gt C in 2000 to 2.2 Gt C in 2100 (Issac and van Vuuen, 2009).

Burkina Faso, a landlocked country in western Africa, is an example of a developing country with a major cooling demand. In the northern part of the country, temperatures can reach 50°C, and in the south, temperatures can reach 45°C (Ogou et al., 2008). Even indoor temperatures can be dangerously high; it is not uncommon for it to be 40°C in a bedroom and 50°C in the kitchen.

Unfortunately, Burkina Faso is very poor, and its citizens have few options to cool their homes. Approximately 46.4% of the population lives below the poverty line (International Monetary Fund, 2005), and in 2003, Burkina Faso was ranked 6th among the least developed countries (United Nations, 2003). Hence, fans and air conditioners are luxuries for the very rich. To stay cool, most Burkinabe work and sleep outside. However, this puts people at a greater risk for contracting malaria or being attacked.

Even if a family can afford an air conditioner, only a small proportion of the country has electricity. It is estimated that 45.7% of the population has electricity in the cities and that only 1.1% of the population has electricity in rural areas (International Monetary Fund, 2005). In 2006, the country’s energy consumption was 0.019 quadrillion BTU, but its energy production was 0.001 quadrillion BTU (US Energy Information Administration, 2006). Clearly, there is a major energy need in the country.

To ameliorate indoor temperatures, Burkinabe architects and engineers can design homes to take advantage of passive solar cooling techniques, such as thermal walls, cross ventilation and earth-air heat exchangers (EAHX). An EAHX is a passive climate control technology that relies on the ground mean temperature to heat and cool buildings (Florides and Kalogirou, 2007). A simple EAHX consists of underground tubes with both an inlet for outside air to enter and an outlet for air to exit a room. In warm weather, hot air from the outside enters the tube and cools as it travels through the tubes. The cooled air is then drawn or pumped into a room. In colder climates, cool air is drawn into the tubes and warmed as it travels through the tubes. The warm air is then used to heat a home.

Historically, EAHX research and implementation have been confined to Europe and America, although in recent years, researchers in emerging economies have investigated EAHXs. In India, Shukla, Tiwari and Sodha (2008) tested a closed-loop EAHX for an adobe house in New Delhi. In the summer, the EAHX cooled the room by 3°C, and in the winter, the EAHX heated the room by 6.5°C. Another researcher in India, Girja Sharan (2004), built several EAHXs, including an exchanger for a zoo and a greenhouse. In one of Sharan’s studies, researchers used 50 m of pipe to cool the inside air from 40.8°C to 27.2°C.

Al-Ajmia, Lovedayb and Hanbyc (2006) conducted a theoretical study on EAHXs for desert environments in Kuwait. Kuwait has a hot and dry desert environment like that of Burkina Faso. In July and August, the average afternoon temperature in Kuwait is 45°C, and in the summer months, the average humidity is between 14% and 42%. Al-Ajmia et al. modelled several EAHXs and concluded that the optimal EAHX configuration used 60 m of pipe with a diameter of 0.25 m, buried 4 m deep, with a 100 kg/hr air flow rate. They conclude that an EAHX at the peak midday temperature in the summer (45°C) can cool a 300 m3 building by 2.8°C. If the system is combined with traditional air conditioning, it can reduce the monthly energy demand by 420 kW hr and reduce the seasonal cooling demand by 30%.
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Figure 1. Diagram of A Simple EAHX



At the International Institute for Water and Environmental Engineering, two studies investigated EAHXs in Burkina Faso. In the first study (Ogou et al., 2008), a team tested the underground thermal gradient in Ouagadougou, Burkina Faso and modelled the cooling affects of a 30 m long EAHX buried 2 m underground. Over a two-day period, the team measured the soil temperature at 5 depths (0.4 m, 0.8 m, 1.2 m, 1.6 m and 2.0 m) and found that the soil temperature fluctuated between 30.6°C and 32.5°C at 2.0 m. In comparison, the outdoor temperature varied from 24°C to 40°C. They suggested that the best EAHX design for Burkina Faso would use 30 m of pipe (200 mm in diameter) and a volume flow rate of 245 m3/hr. They predicted that the EAHX would cool the inside air by 5°C.

The other EAHX study conducted in Burkina Faso by Kintonou et al. (2008) examined the relationship between the tube length, tube diameter and the flow rate. The team concluded that a long, thin pipe and slower airflow in the tube allow better heat transfer between the soil and the air. De Paepe and Janssens (2003) reached a similar conclusion in 2003 when they studied EAHXs. However, De Paepe and Janssens also determined that arranging the tubes in a parallel sequence increases thermal performance by decreasing the pressure drop in the tube. Kintonou et al. (2008) concluded that the best EAHX for Burkina Faso would consist of two 17 m long tubes in parallel, buried 2.2 m underground, with a 90 m3/hr ventilator. Overall, the EAHX would cool the air in the tube by 10°C.

Thermal Gradient of the Soil

The performance of an EAHX is governed by two factors: the underground temperature and the heat transfer between the pipes and the ground. The underground soil temperature depends upon the heat conduction through the soil and two boundary conditions: the initial surface temperature and the soil temperature as the depth approaches infinity (Elias et al., 2004; Mihalakakou et al., 1997). The one-dimensional solution proposed (Eq. 1) by Van Wijk and de Vries in 1963 (Elias et al., 2004) is a common method to describe the ground temperature profile, T(z,t) with respect to depth (z) and time (t). The variable “a” is the thermal diffusivity of the soil calculated by Eq. 2. For a list of the variables, refer to Table 1.
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The initial surface temperature can be described by a complex sinusoidal wave that combines the temperature variation over a day and the temperature variation over a year (Eq. 3).
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The other boundary condition, the final temperature as the depth approaches infinity, equals the average annual temperature at the surface (Tsur) (Eq. 4).
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The solution to Eqs. 1, 3 and 4 is given by Eq. 5.
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B is the dampening depth found using Eq. 6.
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In Eq. 5, Aa = annual amplitude, ωa = annual radial frequency, ϕa = annual phase constant, Aj = average daily amplitude, ωj = daily radial frequency, and ϕj = daily phase constant.

Although the Van Wijk and de Vries method has been improved, for example, by re-examining the initial surface temperature (Elias et al., 2004) and the daily amplitude (Mihalakakou et al., 1997), researchers still consider the Van Wijk and de Vries solution to be an accurate simplification (Mihalakakou et al., 1997).


Table 1. Characteristics and Constants for Soil in Ouagadougou, Burkina Faso



	Characteristics of Climate and Soil in Ouagadougou, Burkina Faso



	Thermal conductivity (soil)
	λs
	1.23
	W/m.k



	Mass volume (soil)
	ρs
	1520
	kg/m3



	Specific heat (soil)
	cs
	1650
	j/kg.k



	Thermal diffusivity
	a
	4.90E–07
	m2/s



	Depth in the soil
	z
	
	metres



	Average annual surface temperature
	Tsur
	28.9
	°C



	Average annual temperature amplitude
	Aa
	6.17
	°C



	Daily temperature amplitude
	Aj
	5.5
	°C



	Dampening depth (annual)
	Ba
	0.037
	metres



	Dampening depth (daily)
	Bj
	1.93E–3
	metres



	Annual temperature radial frequency
	ωa
	7.17E–4
	rad/h



	Daily temperature radial frequency
	ωj
	0.262
	rad/h



	Annual temperature phase constant
	ϕa
	–4.00
	rad



	Daily temperature phase constant
	ϕj
	–1.57
	rad



Source: Onou, 2008

Earth and Air Heat Transfer

The heat transfer between the soil and pipe is complex, but it can be simplified using several assumptions. First, we assume that the Earth is a semi-infinite body with an infinite heat capacity and that the temperature gradient across the tube wall is negligible. Moreover, if the Biot number is less than 0.1, we can assume that the heat conduction rate in the soil is higher than the heat convection from the tube wall to the air in the tube and therefore, that the tube will not affect the soil temperature. The Biot number can be calculated from the pipe diameter, D, the thermal conductivity of the soil, λ, and the global convection coefficient between the wall and air, h. These values are found in Tables 1 and 2.
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(For a list of the variables refer to Table 2)

In a small section of tube, ds, the heat loss of the air in the tube is equal to the heat gain of the tube wall (Eq. 8).
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Eq. 8 can be simplified to Eq. 9.
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This equation is solved for T(x) (Eq. 10). Note that the variable G is merely a constant that appears from taking the integral. It is replaced in Eq. 11.
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The initial conditions are the following (Eq. 11):
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Once the equation is solved with the initial conditions, the final solution is given by Eq. 12.
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To find the global convection coefficient, h, the Reynolds number (Eq. 13), Prandtl number (Eq. 14) and Nusselt number (Eq. 15) are calculated.
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Because the Reynolds number is greater than 2300, the flow is in the turbulent region. The Nusselt number can be determined using the Dittus-Boelter equation (Al-Ajmia, Lovedayb and Hanbyc, 2006) because there is fully developed turbulent flow in a smooth tube. The global convection coefficient is found using Eq. 16.
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The global convection coefficient is calculated to be 10.28 W/(m2.°C).


Table 2. Characteristics and Constants of EAHX



	Constants and Calculated Values



	Specific heat (air)
	Cp
	1.005
	J.kg–1.°C–1



	Thermal conductivity air
	ka
	0.0257
	W.m–1.°C–1



	Length of pipe
	x
	
	m



	Diameter of tube
	D
	0.00125
	m



	Length of tube
	L
	25
	m



	Flow volume of air
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	95
	m3/hr



	Velocity of air
	V
	2.15
	m/s



	Mass flow of air
	[image: art]
	114.48
	kg/s



	Mass volume of air
	ρ
	1.205
	kg/m3



	Dynamic viscosity
	M
	1.86X10–5
	Pa.s



	Temperature of air entering tube
	Ti
	
	°C



	Temperature of air leaving the tube
	To
	
	°C



	Temperature of the experiment room
	Tr
	
	°C



	Temperature of the control room
	Tcon
	
	°C



	Temperature of the air at point X
	Tx
	
	°C



	Temperature of tube wall
	Tp
	
	°C



	Global convection coefficient between wall/air
	h
	10.28
	W.m–2.°C–1



	Reynolds number
	Re
	17410
	dimensionless



	Prandtl number
	Pr
	7.27E–01
	dimensionless



	Nusselt number
	Nu
	50.01
	dimensionless



Source: Onou, 2008

Experimental setup

The EAHX constructed at the International Institute for Water and Environmental Engineering in Ouagadougou, Burkina Faso is a horizontal, open-loop system, 25 m long and 1.5 m deep (the pipe is slightly declined so that condensation can drain from it through a hole drilled in the bottom). The pipe is a 125 mm diameter, schedule 80, PVC pipe. The EAHX has two air inlets, located 15 m and 25 m away from the air outlet in the building. The two air inlets allow the system to be tested with two different pipe lengths. In this study, an EAHX using 25 m of pipe was tested.

There are five temperature sensors located inside the pipe: 5 m, 10 m, 15 m, 20 m and 25 m away from the air inlet. In addition, there are temperature sensors buried 0.5 m, 1.0 m and 1.5 m in the ground to measure the soil temperature gradient. To clean the EAHX, a nylon cord was placed inside the tubes, which allows a cloth to be pulled through the system, removing all of the dust and debris.

The experiment room and the control room are each 3.50 m × 2.75 m × 5.35 m. The experiment and control rooms share a wall, and both of the rooms are connected to a larger laboratory. The walls are 18 cm thick and made from locally produced brick covered in concrete. The ceiling is made from wood slates, and the roof of the structure is corrugated steel. This is a typical construction for homes and offices in Burkina Faso. The ventilator used to draw the air through the pipes is 14 W and has a volume flow rate of 95 m3/hr.

Figure 2 is a diagram of the EAHX and laboratory. The experiment room is on the right, and the control room is connected on the left. The large laboratory (not shown) extends from the rear of these rooms. The 25 m long EAHX (serpentine pattern) is connected to the experiment room.
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Figure 2. Schematic of EAHX and Laboratory in Ouagadougou, Burkina Faso



Baseline measurements were taken from 11 February 2009 to 14 April 2009, and the EAHX was tested from 14 April 2009 to 14 May 2009. Temperature measurements were taken at 09:30, 11:45, 15:00 and 16:30, and the EAHX ventilator was operational from 10:00 until 16:30. From 12 May 2009 to 14 May 2009, the system was monitored continuously for 52 hours to observe the overnight temperature trends. Temperatures at twelve different points were measured: in the experiment room, in the control room, in the main laboratory, outside the building, inside the pipe (at 5 m, 10 m, 15 m, 20 m and 25 m away from the inlet) and in the soil (at depths of 0.5 m, 1.0 m and 1.5 m).

Sensors

We used an Almemo 2290-8 V5 with NiCr-Ni probes to measure the temperature of the rooms and the outside air, and we used a TPI-343 digital thermometer with standard K-type thermocouples to measure the ground temperatures and the air temperatures inside the pipe. The K-type thermocouples were permanently placed inside the tube. Hollow steel pipes protected the thermocouple cord as they ran from the pipe to the surface.

Statistical Modelling

Two different statistical parameters, Pearson’s correlation coefficient (r’) and the root mean square error (RMSE), (e), are used to describe the relationship between the theoretical and measured values (Shukla, Tiwari and Sodha, 2006).
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Table 3. Variables for Pearson Correlation Coefficient and Root Mean Square Error



	Variables for Statistical Analysis



	Number of elements
	n




	Theoretical value
	x




	Experimental value
	y




RESULTS

The ground temperature gradient shows a clear thermal dampening and thermal shift. At a depth of 0.5 m, the ground temperature ranged from 28.6°C to 36.2°C, and the average temperature was 32.1°C. At a depth of 1.5 m, however, the temperature ranged from 26.6°C to 33.1°C, and the average temperature was 30.4°C. Figure 3 shows a comparison of the theoretical values of the ground temperature gradient with the measured ground temperatures. The measurements were taken between 31 March 2009 and 14 May 2009. On the x-axis, 0 = 0:00 hours (midnight) and 12 = 12:00 (noon). The measured values were, on average, 1.2°C, 2.0°C and 1.7°C higher than the theoretical values for the temperature gradient at depths of 0.5 m, 1.0 m and 1.5 m, respectively. Although the measured values of the temperature were on average higher than the theoretical temperature values, the root mean square errors between the theoretical and experimental values are small.
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Figure 3. Temperature vs. Time of Day (Hours)



In addition, the ground temperature gradient model accurately predicts the soil temperature over a 52-hour period between 12 May and 14 May (see Figure 4). During this time period, the outside temperature and the ground temperature were recorded approximately every three hours, and the RMSE between the theoretical and measure values ranged from 0.02°C to 0.10°C. Figure 4 is a plot of the theoretical and measured temperatures during the 52-hour period. In the figure, the origin on the x-axis represents midnight on 12 May. The data clearly show the soil temperature decreasing with depth and the phase shift of the ground temperature with respect to the outside air temperature. At the hottest time of the day (11:45 to 15:00), the ground temperature was the coolest, and at the coldest time of the day (06:00 to 07:30), the ground temperature was the hottest.

Overall, the EAHX is effective in lowering the temperature of air drawn in from the outside. At 15:00, the air was cooled by an average of 6.18°C, 6.93°C, 7.42°C and 7.62°C after the air travelled 5 m, 10 m, 15 m and 20 m, respectively. At 09:30, the air was cooled by an average of 2.07°C, 1.90°C, 1.82°C and 2.53°C after the air had travelled 5 m, 10 m, 15 m and 20 m, respectively. The cooling affects are less pronounced early in the morning because the outside air is already cool. One notable observation is that the air leaving the tube (To) is warmer than the air measured inside the tube at 20 m (T20). At 15:00, the average TS was 32.4°C, while the T20 is 31.4°C. It is likely that the air warms as it travels in the vertical tube that connects the underground portion of the EAHX to the experiment room. The average temperature differences (ΔT) between the temperature entering the tube (Ti) and the temperature exiting the tube (TO) at 09:30, 11:45, 15:00 and 16:45 are 0.93°C, 4.15°C, 6.65°C and 3.80°C, respectively. Figure 5 shows a graph of the outside temperature minus the tube temperature at length (Ti – Tx) vs. tube length. The graph shows a comparison of the measured temperature difference with the theoretical temperature difference. The temperature was measured at four times each day: 09:30, 11:45, 15:00 and 16:45.
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Figure 4. Temperature vs. Time



Unlike the results from the previous experiments, these results exhibit a large error between the theoretical and measured values of the cooling potential of the EAHX. Overall, the cooling ability of the EAHX was greater than predicted. The differences between the theoretical and measured values could be caused by a variety of factors, such as an inaccurate model, varying weather conditions, or measurement error.
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Figure 5. Outside (TE)-Tube Temperature vs. Tube Length



CONCLUSIONS AND FUTURE WORK

It was shown that a 25 m long EAHX buried 1.5 m in the ground can cool air drawn in from outside by more than 7.5°C. In addition, despite the extreme outdoor temperatures, which varied from 25°C to 43°C, the soil temperature at a depth of 1.5 m remained at approximately 30.4°C. The models accurately predicted the underground soil temperature, but they did not accurately predict the difference between the temperature in the tube and the outside air.

In the future, we will improve our EAHX model, compare our results with other EAHX models and study the cooling potential of an EAHX to lower the cooling load of air conditioning systems. We will also investigate different configurations that may make the EAHX more effective in Burkina Faso and other desert-like environments. The biggest hindrances to implementing EAHX technology in Burkina Faso are social and architectural norms unrelated to EAHX. For example, many homes in Burkina Faso have corrugated steel roofs. Although steel is sturdy, it becomes very hot in the sun and raises the temperature inside the home. Before an EAHX can be successful, architects and engineers must design homes to take advantage passive cooling techniques.

EAHXs are a good technology to improve the quality of life in developing countries and to reduce the electricity demand in those countries. If the developing world can reduce its energy demand for cooling, then perhaps the IPCC’s dire outlook for world emissions and climate change can be altered.
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Abstract: The production and testing of lateritic interlocking blocks were examined. The experiments involved the production of 250 × 130 × 220 mm3 interlocking blocks with laterite samples obtained from Aroje (Ogbomoso North L.G), Olomi (Ogbomoso South L.G), Idioro (Surulere L.G) and Tewure (Orire L.G) using a locally fabricated manual steel mould and a 4.5 kg rammer. The blocks were tested in the laboratory to determine their compressive strength, water absorption and resistance to abrasion. The results indicated that all of the stabilised blocks satisfied the minimum 28 day wet compressive strength of 1.0 Nmm–2 recommended by the Nigeria Building and Road Research Institute. The minimum seven day dry compressive strength for 5% cement stabilised blocks of not less than 1.60 Nmm–2, as recommended in the National Building Code, was not satisfied by all of the blocks. However, with 10% cement stabilisation, blocks from Olomi and Idioro laterites satisfied the minimum seven day strength with values of 2.13 Nmm–2 and 1.62 Nmm–2, respectively. Only laterites from Olomi and Idioro that met the minimum seven day requirements were concluded to be suitable for the production of interlocking blocks in southwestern Nigeria.

Keywords: Laterite, Interlocking block, Ordinary Portland cement, Compressive strength, Durability



INTRODUCTION

Housing is universally acknowledged as one of the basic needs of humans, and its ownership is one of the most cherished cultural acquisitions. Unfortunately, because of the large population of poor citizens, many Nigerians are unable to afford houses of their own. The ownership of houses has largely eluded them because of the high costs of building materials. Thus, it has become necessary to find ways of cutting building construction costs. The use of locally sourced materials, such as laterite soil, is a possible solution.

Laterite is a red tropical soil that is rich in iron oxide and is usually derived from rock weathering under strongly oxidising and leaching conditions. It forms in tropical and sub-tropical regions where the climate is humid (Mahalinga-Iyer and Williams, 1997). Laterite is very abundant in Ceylon, India, Burma, Central Africa, West Africa and Central America (Encyclopedia Britannica, 2001). It has been found to be less permeable when stabilised with palm oil, ordinary Portland cement (OPC) or clay from termite heaps (Encyclopedia Encarta, 2004). Because of the large deposits of laterite in Nigeria and most neighbouring African countries, the material is easily acquired and inexpensive. The potential of laterite is not presently being maximised in the area of brick production for building purposes.

The most common walling materials are conventional sandcrete blocks and fired clay bricks. The high cost of sandcrete blocks coupled with the low strength properties of commercially available blocks necessitates the development of an alternative brick material. In comparison to the use of sandcrete blocks, the use laterite for brick production is economical because little cement is required. Also, when compared with fired clay bricks, the production of laterite bricks does not involve the firing process.

Several researchers have reported that cement-stabilised laterite can be used in building and road construction (Folagbade, 1998; Agbede and Manasseh, 2008; Raheem et al., 2010). Literature is scarce, however, on the use of laterite interlocking blocks. A previous study by the Nigerian Building and Road Research Institute (NBRRI) involved the production of laterite bricks that were used for the construction of a bungalow (Madedor, 1992). In that study, the NBRRI proposed the following minimum specifications as requirements for laterite bricks: a bulk density of 1810 kg/m3, a water absorption of 12.5%, a compressive strength of 1.65 N/mm2 and a durability of 6.9% with a maximum cement content fixed at 5%. The present study considered the production of laterite interlocking blocks.

Apart from the cost of materials used in making blocks for walling units, the cost of cement mortar used in bonding the blocks together also contributes to the exorbitant cost of building works. The technique of building with interlocking blocks eliminates the need for mortar in walling units and consequently reduces building costs. This study evaluated the characteristics of interlocking blocks produced with laterite soils obtained from four different locations within Ogbomosoland in Nigeria.

MATERIALS AND METHOD

Laterite samples were obtained from four locations within Ogbomosoland: Aroje (Ogbomoso North L.G), Olomi (Ogbomoso South L.G), Idioro (Surulere L.G) and Tewure (Orire L.G). These samples were stabilised with ordinary Portland cement using 0%, 5%, 10% and 15% by weight cement content, with 0% stabilisation representing the control. The laterite samples were then used to produce interlocking blocks, which were tested for strength and durability. All the processes were performed with reference to the International Labour Organisation manual (1987), Nigeria Building and Road Research Institute (2006) and National Building Code (2006) specifications.

Preparation of Laterite Samples

The laterite samples were air-dried for seven days in a cool, dry place. Air drying was necessary to enhance grinding and sieving of the laterite. After drying, grinding was performed using a punner and a hammer to break the lumps present in the soil. Sieving was then performed to remove oversized materials from the laterite samples using a wire mesh screen with an aperture diameter of approximately 6 mm, as recommended by Oshodi (2004). Fine materials that passed through the sieve were collected for use, whereas those retained were discarded.

Production of Lateritic Interlocking Blocks

The interlocking blocks were produced using a locally fabricated steel mould that measured 250 × 130 × 220 mm3 (see Figure 1). The production process comprises the batching, mixing, casting and compaction of the blocks.
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Figure 1. Locally Fabricated Steel Mould



The materials used for the production of lateritic interlocking blocks were measured by weight in accordance with the predetermined percentages of stabilisation (5%, 10% and 15%) and the optimum moisture contents determined in the field. Table 1 shows the mass of each material used for the varying percentages of stabilisation considered.


Table 1. Batching Information for Laterite Samples Used

A. Aroje (Ogbomoso North L.G)



	Date
	% of Stabilisation
	Laterite (kg)
	Cement (kg)
	Water (kg)
	w/c



	14/06/07
	0
	335.30
	–
	34.20
	–



	18/06/07
	5
	289.39
	14.47
	29.52
	2.04



	06/07/07
	10
	305.54
	30.55
	62.34
	2.04



	11/07/07
	15
	271.64
	40.75
	83.12
	2.04





B. Olomi (Ogbomoso South L.G)



	Date
	% of Stabilisation
	Laterite (kg)
	Cement (kg)
	Water (kg)
	w/c



	03/07/07
	0
	120.86
	–
	17.46
	–



	04/07/07
	5
	310.76
	11.43
	28.00
	2.45



	05/07/07
	10
	271.53
	27.15
	66.52
	2.45



	13/07/07
	15
	235.90
	35.38
	86.70
	2.45




C. Idioro (Surulere L.G)



	Date
	% of Stabilisation
	Laterite (kg)
	Cement (kg)
	Water (kg)
	w/c



	16/07/07
	0
	282.20
	–
	24.38
	–



	08/07/07
	5
	235.83
	11.74
	27.00
	2.30



	17/07/07
	10
	312.43
	34.72
	79.86
	2.30



	18/07/07
	15
	353.89
	53.07
	122.08
	2.30




D. Tewure (Orire L.G)



	Date
	% of Stabilisation
	Laterite (kg)
	Cement (kg)
	Water (kg)
	w/c



	15/06/07
	0
	306.40
	–
	80.40
	–



	10/07/07
	5
	353.39
	50.52
	97.00
	1.92



	19/07/07
	10
	354.37
	55.13
	105.84
	1.92



	20/07/07
	15
	353.67
	53.04
	101.84
	1.92



The mixing was performed on an impermeable surface made free (by sweeping and brushing or scraping) from all harmful materials that could alter the properties of the mix. The measured laterite sample was spread using a shovel to a reasonably large surface area. Cement was then spread evenly on the laterite and mixed thoroughly with the shovel. The dry mixture was spread again to receive water, which was added gradually while mixing until the optimum moisture content of the mixture was attained. The optimum moisture content (OMC) of the mixture was determined by progressively wetting the soil, collecting handfuls of the soil, compressing it firmly in the fist, then allowing it to drop on a hard and flat surface from a height of approximately 1.10 m. When the soil breaks into four or five parts, the water content is considered correct (National Building Code, 2006).

After the steel mould was rid of all impurities, it was coupled together and oiled to enhance the demoulding of the blocks. The wet mixture was filled into the mould in 3 layers, with each layer being compacted with 35 blows of 4.5 kg rammer on a level and rigid platform. The excess mixture was scraped off, and the mould was levelled using a straight edge. The mould and its contents were left for two hours before the removal of the mould. Identification marks were inscribed on the blocks to allow easy referencing.

The blocks were first allowed to air dry for 24 hours under a shade constructed from a polythene sheet. Thereafter, water was sprinkled on the blocks in the morning and evening, and the blocks were covered with a polythene sheet for one week to continue the curing process and prevent rapid drying of the blocks, which could lead to shrinkage cracking. The blocks were later stacked in rows and columns with a maximum of five blocks in a column until they were ready for strength and durability tests (see Figure 2).
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Figure 2. Stacking of Lateritic Interlocking Blocks



Testing of Lateritic Interlocking Blocks

Durability, water absorption and compressive strength tests were performed on the blocks. The durability of the blocks was determined through abrasion testing. After the interlocking blocks attained the specified ages, two blocks were selected at random and weighed in the laboratory; their weight was recorded. The blocks were placed on a smooth and firm surface, and then all the surfaces were wire-brushed in a back-and-forth motion 50 times, where one back and forth motion was considered a single stroke. After being brushed, the blocks were weighed again to determine the amount of material or particles abraded. This procedure was repeated for all the blocks produced with various cement contents and for blocks of various ages.

For the water absorption tests, two blocks were randomly selected from each group of the specified age and were weighed on a balance. These blocks were then immersed completely in water for 24 hours, after which they were removed and weighed again. The percentages of water absorbed by the blocks were estimated as follows:
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where:

Wa = percentage moisture absorption

Ws = weight of soaked block

Wd = weight of dry block



Compressive strength tests were performed to determine the load-bearing capacities of the blocks. The wet and dry compressive strengths were determined. For the dry compressive strength tests, the blocks aged three, seven, 21 and 28 days were transported from the curing or stacking area to the laboratory two hours prior to the test to normalise the temperature and to ensure that the block was relatively dry. The weight of each block was measured before the block was placed onto the compression testing machine (Model 50-C34A2, Serial no. 0294910, CONTROLS, Italy) such that the top and bottom, as moulded, lied horizontally on a flat metal plate; the recesses were filled with a metal plate of the exact size to prevent sheaving of the block during testing. The block was then crushed, and the corresponding failure load was recorded. The crushing force was divided by the sectional area of the block to arrive at the compressive strength.

To measure the wet compressive strength, the blocks selected for testing were immersed completely in water for 24 hours, after which they were removed, weighed and crushed as suggested in the International Labour Organisation and NBRRI specifications. This test was performed to determine the strength of the blocks under heavy rainfall.

RESULTS AND DISCUSSION

Durability

Figure 3 shows the results of the abrasion tests. Based on the results in the figure, the resistance of the blocks to abrasion increases with the addition of the stabilising agent. A high percentage of material was abraded away from laterite interlocking blocks that were not stabilised with cement (the control), and the blocks made from Aroje laterite had the highest value of abraded material (0.34%). These results indicate that cement stabilisation is required to enhance the durability of the blocks. The blocks produced from Idioro laterite had lower percentages of abraded material, which is an indication of higher durability.
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Figure 3. Result of Abrasive Test for Laterite Interlocking Blocks



Water Absorption

The results of the water absorption tests are presented in Table 2. In general, the results indicate that water absorption decreases with increased percentages of stabilisation. This result was expected because the cement binds the laterite particles together and thereby reduces the sizes of the pores through which water could flow into the blocks. No measurements were obtained for the control (0% stabilisation) because the control blocks dissolved in the surrounding water. The maximum water absorption of 12% recommended in the Nigerian Industrial Standard (2004) was satisfied by the blocks produced with laterite from the Aroje, Olomi and Idioro deposits. Interlocking blocks produced with Idioro laterite exhibited the lowest percentages of water absorbed: 7.62%, 5.23% and 5.01% for blocks with 5%, 10% and 15% cement stabilisation, respectively.


Table 2. Result of Water Absorption for Interlocking Blocks Produced With Laterite

A. Aroje (Ogbomoso North L.G)



	Cement Stabilisation (%)
	Dry Mass (kg)
	Wet Mass (kg)
	Water Absorbed ( %)
	Average Water Absorbed (%)



	0

	–
	–
	–
	–



	–
	–
	–



	5
	13.806
	15.234
	10.34
	10.15



	13.540
	14.892
	9.97



	10
	14.200
	15.124
	6.43
	7.09



	14.440
	15.560
	7.76



	15
	14.050
	14.860
	5.76
	5.35



	13.950
	14.640
	4.95





B. Olomi (Ogbomoso South L.G)



	Cement Stabilisation (%)
	Dry Mass (kg)
	Wet Mass (kg)
	Water Absorbed (%)
	Average Water Absorbed (%)



	0
	–
	–
	–
	–



	–
	–
	–



	5
	13.840
	15.354
	10.90
	10.95



	13.650
	15.157
	11.00



	10
	13.824
	15.141
	9.50
	9.48



	13.950
	15.270
	9.46



	15
	13.064
	14.318
	9.60
	9.17



	13.210
	14.430
	8.74




C. Idioro (Surulere L.G)



	Cement Stabilisation (%)
	Dry Mass (kg)
	Wet Mass (kg)
	Water Absorbed (%)
	Average Water Absorbed (%)



	0
	–
	–
	–
	–



	–
	–
	–



	5
	14.440
	15.530
	7.55
	7.62



	14.530
	15.648
	7.69



	10
	14.120
	14.842
	5.11
	5.23



	14.333
	15.098
	5.34



	15
	14.092
	14.987
	6.35
	6.07



	13.871
	14.675
	5.79




D. Tewure (Orire L.G)



	Cement Stabilisation (%)
	Dry Mass (kg)
	Wet Mass (kg)
	Water Absorbed (%)
	Average Water Absorbed (%)



	0
	–
	–
	–
	–



	–
	–
	–



	5
	12.399
	14.013
	13.02
	12.99



	12.540
	14.167
	12.97



	10
	12.602
	14.254
	13.11
	12.60



	12.347
	13.840
	12.09



	15
	13.407
	14.570
	8.67
	8.35



	13.609
	14.701
	8.02



Compressive Strength

The results of the dry and wet compressive strength tests are presented in Tables 3 to 6. In general, the compressive strength of the blocks increased as the age and percentage stabilisation increased.

For the blocks produced with laterite from Aroje, the dry and wet compressive strengths at 28 days varied from 1.45 N/mm2 to 2.49 N/mm2 and from 0.45 N/mm2 to 2.01 N/mm2 as the percentage stabilisation was increased from 0% to 15%, respectively. The same pattern was observed for the Idioro laterite, the strengths of which varied from 1.41 N/mm2 to 2.74 N/mm2 and from 0.32 N/mm2 to 2.04 N/mm2 at percent stabilisations of 0% and 15%, respectively.


Table 3. Density and Compressive Strength of Interlocking Blocks Produced With Laterite from Aroje

The Control (0% Stabilisation)
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5% Stabilisation
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10% Stabilisation
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15% Stabilisation
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Table 4. Density and Compressive Strength of Interlocking Blocks Produced With Laterite From Olomi

The Control (0% Stabilisation)
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5% Stabilisation
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10% Stabilisation
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15% Stabilisation
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Table 5. Density and Compressive Strength of Interlocking Blocks Produced With Laterite From Idioro

The Control (0% Stabilisation)
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5% Stabilisation
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10% Stabilisation
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15% Stabilisation
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Lateritic interlocking blocks from Olomi and Tewure showed similar characteristics: their 28th-day dry compressive strengths varied from 1.45 N/mm2 to 2.57 N/mm2 and from 1.24 N/mm2 to 2.33 N/mm2 as the percentage stabilisation was increased from 0% to 15%, respectively. The wet compressive strength for the controls could not be determined because the blocks dissolved in water to a considerable extent during the 24 hours of immersion prior to the test. However, their wet strengths varied from 1.21 N/mm2 to 1.69 N/mm2 and from 1.45 N/mm2 to 1.85 N/mm2 as the percentage stabilisation increased from 5% to 15%, respectively. These results further reinforced the need for the stabilisation of the blocks.

All the stabilised blocks satisfied the minimum 28 day wet compressive strength of 1.0 N/mm2 recommended by the Nigeria Building and Road Research Institute (NBRRI, 2006). However, only unstabilised blocks produced from Aroje and Idioro laterite met the 28 day wet compressive strength of between 0.2 N/mm2 and 0.6 N/mm2 recommended in the National Building Code (2006).


Table 6. Density and Compressive Strength of Interlocking Blocks Produced With Laterite From Tewure

The Control (0% Stabilisation)
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5% Stabilisation
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10% Stabilisation
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15% Stabilisation
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The minimum seven day dry compressive strength for 5% cement stabilised blocks of not less than 1.60 N/mm2, as recommended in the National Building Code (2006), was not satisfied by all the blocks. However, with 10% cement stabilisation, the blocks from Olomi and Idioro laterites met the minimum 7 day strength recommendation with values of 2.13 N/mm2 and 1.62 N/mm2, respectively, which could be attributed to the fact that laterite from these areas contains less fine material and more gravel and is less permeable, as reported by Raheem et al. (2010). The 28 day dry compressive strength of manually produced blocks with 5% cement stabilisation of not less than 2.0 N/mm2, as recommended by the NBRRI (2006), was satisfied only by the blocks produced from Idioro laterite. All the blocks with greater than 5% cement stabilisation satisfied the minimum 28 day dry compressive strength, except those made from Tewure laterite, which exhibited a value of 1.69 N/mm2. Because most of the lateritic interlocking blocks with 5% cement stabilisation do not satisfy the minimum requirements specified in the operating codes, 10% stabilisation is recommended. The additional 5% cement content compared to that used by Madedor (1992) is compensated by the non-usage of mortar in laying the interlocking blocks.

As evident from the results in Tables 3 to 6, more than 70% of the compressive strength at the 28th day had been developed by the 14th day of casting for most of the laterite interlocking blocks, which indicates that the blocks are ready for use after 14 days of curing.

The dry density of the unstabilised blocks varied from 1555 kg/m3 to 1846 kg/m3, whereas that of the stabilised blocks ranged from 1588 kg/m3 to 1964 kg/m3. These values are similar to those obtained by Madedor (1992). Furthermore, the results indicate that the stabilised blocks are denser than the unstabilised blocks.

CONCLUSION

Based on the findings in this study, the following conclusions were drawn:


	Ten percent cement stabilisation is recommended for lateritic interlocking blocks produced from the study area to meet the minimum standards stated in the available codes.

	Only laterite from Olomi and Idioro, which met the minimum seven day requirements, is suitable for the production of interlocking blocks in this area.

	The interlocking blocks should be cured for a minimum of 14 days before being used in buildings.
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Abstract: Monitoring and control are very important management functions for ensuring that project objectives are fully achieved. This study compares the level and effectiveness of the efforts of indigenous and expatriate Nigerian contractors on project monitoring and control. The aim of this study is to establish whether the project monitoring and control efforts of the contractors contribute to an improved project outcome. The study’s objectives are to compare the frequencies at which project monitoring and control strategies are used by Nigerian contractors and their influence on project outcome. A field survey was conducted using a sample of 86 contractors selected by stratified random sampling. The data were collected using structured questionnaires and analysed using the mean, t-test and Spearman correlation test. The results of the study reveal that indigenous contractors carry out project control strategies more frequently than expatriate contractors. Furthermore, three of the eight monitoring and control strategies influence the project outcome, while the remaining strategies do not; this result indicates that while some of the strategies are effective, others are not. Contractors should thus ensure that their project monitoring and control efforts are directed towards improving the entire outcomes of their projects.
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INTRODUCTION

Monitoring and control are two management functions that play a very important role in project success. Planning defines the strategies, tactics and methods for achieving project objectives, while monitoring and control provide the required checks and balances for ensuring that the plans and overall project objectives are achieved. Plans cannot bring about the required end by themselves; they must be complemented with monitoring and control to achieve their goals. Arditi (1985), Mauricio and Carlos (2002) confirmed that the performance of companies in project delivery depends largely on their control structures as well as their production planning. Kharbanda and Pinto (1996) maintained that most, if not all, major project failures could be traced to inadequate and inaccurate planning or blind adherence to the originally formulated plans regardless of how the environment changed in the interim.

In construction, contractors are one of the major parties concerned with the monitoring and control of projects. They are responsible for executing the works that form the contract. In Nigeria, research studies classify construction contractors into indigenous and expatriate contractors. In separate studies, Edmonds (1979), Ogunpola (1984), Olateju (1991), Samuel (1999), Mayaki (2003) and Idoro (2007) classified construction contractors operating in Nigeria into indigenous and expatriate contractors. The authors describe indigenous contractors as private firms that engage in the production or delivery of construction projects that are fully owned and managed by Nigerians, while expatriate contractors are described as private firms that also engage in the production or delivery of construction projects that are jointly owned by Nigerians and foreigners but the management of which is fully controlled by expatriates. Ogunpola (1984), Olateju (1991), Samuel (1999) and Idoro (2004) discovered that expatriate contractors are few in number, operate on a large scale and execute the majority of contracts in Nigeria; in contrast, indigenous contractors considerably outnumber their expatriate counterparts and operate on small and medium scales, but they are responsible for a very small proportion of the value of contracts executed in Nigeria. These two parties collaborate with consultants in the monitoring and control of projects to ensure that they are delivered within the scheduled time and cost and to the required quality standards.

The challenges of globalisation require that these two categories of contractors compete favourably with each other in performance. For indigenous contractors to survive in this modern, competitive global market, they must compare with their expatriate counterparts in all aspects of production. Idoro (2010) discovered that Nigerian clients give expatriate contractors preference over their indigenous counterparts in the award of contracts because they perceive the performance of the former as better than the latter in work quality standards. The challenge before indigenous contractors is to determine the way in which the confidence of clients can be gained and their impression of these contractors can be reversed. The effective monitoring and control of projects executed are two important strategies that the contractors cannot disregard when facing this challenge because these aspects are crucial to project performance.

This understanding prompts a comparison of the frequencies at which monitoring and control strategies are used by indigenous and expatriate contractors and their influence on project outcome in the Nigerian construction industry. The aim of this study is to compare the level and effectiveness of project monitoring and control efforts undertaken by indigenous and expatriate contractors. The study objectives are to determine the frequency at which selected monitoring and control strategies are used and their correlation with project outcome in projects executed by indigenous and expatriate contractors. The achievement of these objectives will assist both indigenous and expatriate contractors in utilising their project monitoring and control efforts to improve the outcomes of their projects.

Literature Review

The construction industry holds a very important position in the economy of Nigeria and can be regarded as the driver of economic development. Idoro (2004) considered construction as the leading industry in developing economies and a big player in economic development. The industry accounts for a substantial part of the gross domestic product (GDP) of each nation. Ogunlana (2002) estimated the contribution of the construction industry to GDP as 6%–10%. The Federal Ministry of Economic Development (1980) estimated the share of the construction industry to the GDP of Nigeria from 1967/1968–1972/1973 as 56%–66% and that from 1974/1975–1979/1980 as 71%–79%, while the Federal Government of Nigeria (1984; 1985; 1986) estimated the average share of construction to GDP as 60%–80%. The importance of the industry is also reflected in its capacity to create employment and serve as a vocational training ground for employees to acquire skills in several areas. Ogunlana (2002) stated that the industry is responsible for approximately 10% of the workforce of most countries, with higher percentages for developing countries. Adeniyi (1984) found that between 1960 and 1970, the building sector of the construction industry alone accounted for an average of 30% of the total registered employment in Nigeria. When the percentage contribution of the civil engineering sector is included, it is clear that the industry should be the focal point for generating employment. The industry can be used to create millions of jobs and numerous training and development opportunities. The industry is also responsible for creating the desired environment for the growth and development of other sectors of every economy. The products of the industry, such as buildings, roads and other infrastructural facilities, are development stimulants that can hinder or accelerate the growth of other industries.

Contractors are one of the major players in the construction industry. They are responsible for executing most of the construction programmes for the three tiers of government in Nigeria, their parastatals and the organised private sector. Therefore, the success or failure of construction projects and the supply and quality of construction products are largely determined by their performance. In separate studies, Edmonds (1979), Ogunpola (1984), Olateju (1991), Samuel (1999), Mayaki (2003) and Idoro (2007) classify construction contractors operating in Nigeria into indigenous and expatriate contractors. The authors describe indigenous contractors as private firms that engage in the production or delivery of construction projects that are fully owned and managed by Nigerians, while expatriate contractors are described as private firms that also engage in the production or delivery of construction projects that are jointly owned by Nigerians and foreigners but the management of which is fully controlled by expatriates. Ogunpola (1984), Olateju (1991), Samuel (1999) and Idoro (2004) discovered that expatriate contractors are few in number, operate on a large scale and execute the majority of contracts in Nigeria; in contrast, indigenous contractors considerably outnumber their expatriate counterparts and operate on small and medium scales, but they are responsible for a very small proportion of the value of contracts executed in Nigeria. These two parties collaborate with consultants in the monitoring and control of projects to ensure that they are delivered within the scheduled time and cost and to the required quality standards.

Monitoring and control are regarded as management functions and are processes in the delivery of a project. Enshassi (1996) describes project monitoring as the process of collecting, recording and reporting information concerning any or all aspects of the performance of a project. Otieno (2000) describes it as a continuous assessment of a programme or project in relation to the agreed implementation schedule or plan. Mawdesley, Askew and O’Reilly (1997) identify 16 sources of records for project monitoring describing the documents produced through a number of activities, or strategies, that constitute project monitoring. Four of these activities, site visit, site meeting, interim valuation and financial statement, were selected to represent project monitoring in this study. Interim valuations refer to the report of valuations carried out periodically, such as monthly or bi-monthly, to determine the value of the work completed by the contractor in a satisfactory manner. Financial statements refer to the statement of the account of a project inclusive of payments received from certificates and expenditures. The level of project monitoring can be considered from the perspective of the regularity or time interval of these activities. Enshassi (1996) emphasises the importance of monitoring projects at frequent intervals and on a timely basis. Monitoring and control are often regarded as a single activity because they are both project management functions, sequential and closely related. Anthony (1965) acknowledges their relationship but regards them as separate activities because monitoring leads to control. Ritz (1994) describes control as the work of constraining, coordinating and regulating actions in accordance with plans to meet specific objectives. Control is, as a process, distinguishable from monitoring by a number of activities through which schedule slippage in project performance is corrected. Odiorne (1965) identifies three of these activities as rescheduling activities, reallocating resources and altering project objectives. Kursave (2003) reflects that monitoring and control ensure that all of the changes are incorporated into the original plan. Programme updating, plan review, objective review and scope review were selected as the activities to represent project control. Programme updating describes the activities concerned with incorporating changes into the original plans. Project plan review describes the adjustment of project plans, potentially translating into new plans. Project objective review refers to the adjustment of project objectives to align with the project status, while project scope review refers to the adjustment of the scope of work in the project. The level of project control can also be considered from the perspective of the regularity of these activities.

As Faniran, Oluwoye and Lenard (1998) stated, the purpose of carrying out these project monitoring and control strategies is to complete a project within a scheduled time and cost and to a specified quality standards. This understanding shows that monitoring and control cannot be separated from project performance. Naoum (1991), Ling and Chan (2002) and Thomas et al. (2002) use project performance as the basis for evaluating the effectiveness of project delivery processes. Nahapiet and Nahapiet (1985), Naoum (1991), Thomas et al. (2002), Ling and Chan (2002) and Ling et al. (2004) describe project performance as the assessment of project success and use objective factors, including time, cost and quality objectives, and subjective factors, which are concerned with the assessment of stakeholders’ satisfaction. This study used four objective variables: time and cost overruns, percentage of time overrun to the initial contract period and percentage of cost overrun to the initial contract sum. Naoum (1991) describes time overrun as the difference between the planned and actual contract periods and cost overrun as the difference between the initial and final contract sums.

Conceptual Framework for the Study

The variables selected to achieve the objectives above were categorised into construction contractors, project monitoring, project control and project outcome. According to Edmonds (1979), Ogunpola (1984), Olateju (1991), Samuel (1999), Mayaki (2003) and Idoro (2007), Nigerian contractors are typically classified into two indigenous and expatriate contractors. Site visit, site meeting, interim valuation and financial statement were selected as the variables of project monitoring. For project control, Odiorne (1965) identified rescheduling activities, reallocating resources and altering project objectives. These activities involve reviewing the project plan, scope and objectives. The fourth project control process involves updating the programme of work of a project. Thus, programme updating, project plan review, project objective review and project scope review were selected as the project control variables. For project outcome, Hatush and Skitmore (1997) and Michell et al. (2007) maintained that cost, time and quality are the most important parameters of project outcome. For this reason, percentages of time overrun to the initial contract period and cost overrun to the initial contract sum, which were discovered in previous studies (Michell et al., 2007; Idoro, 2008) to be the principal factors for measuring project outcome, were used in this study as the project outcome variables.

Research studies found that construction contractors in Nigeria are either indigenous or expatriates and that these two contractor categories differ in patronage and performance. This assertion suggests that the project monitoring and control efforts of these two types of contractors are likely to differ. Furthermore, Faniran, Oluwoye and Lenard (1998) assert that the objective of monitoring and control is the same as that of planning: to complete a prescribed amount of work within a fixed time, at a previously estimated cost and to specify quality standards. This understanding suggests that the basis of establishing the effectiveness of contractors’ project planning, monitoring and control efforts is project outcome. The relationship between planning monitoring and control and project outcome implies that a relationship exists between the four categories of variables used in the study. This relationship is expressed in a conceptual framework adopted for the study, presented in Figure 1.
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Figure 1. Framework for Comparing Indigenous and Expatriate Contractors’ Project Monitoring and Control Efforts



The framework shows that project outcome and the frequencies at which project monitoring and control efforts are used may differ based on whether a contractor is an indigenous or expatriate firm, and project outcome may differ based on these frequencies.


Hypotheses of the Study

To achieve the objectives of the study, three hypotheses were postulated. The first hypothesis states that the frequencies at which selected monitoring and control strategies are used among indigenous and expatriate contractors do not differ significantly. The results of this hypothesis will assist indigenous contractors in benchmarking their monitoring and control efforts with those of their expatriate counterparts. The second hypothesis states that the frequencies at which indigenous contractors use project monitoring and control strategies are not significantly correlated with the outcomes of their projects. The third hypothesis states that the frequencies at which expatriate contractors use project monitoring and control strategies are not significantly correlated with the outcomes of their projects. The results of the second and third hypotheses will assist the two categories of contractors in assessing the effectiveness of their efforts

RESEARCH METHODS

A questionnaire research design approach involving a field survey was adopted to achieve this study’s objectives. In the survey, comprehensive data on contractors operating in Nigeria could not be obtained; therefore, a pilot study was conducted in late 2009 in which 161 contractors were identified and adopted as the study population. The population frame was stratified into two categories consisting of 121 indigenous contractors and 40 expatriate contractors. From the list of projects executed by each contractor category that were completed in 2009, the project having the highest value was selected for the investigation.

Data were collected on the frequencies at which site visits and meetings are carried out, interim valuations and financial statements are prepared, programmes of work are updated and project plans, objectives and scopes are reviewed. Data were also collected on the initial and final contract periods and sums of the projects. Frequencies of site visits and meetings were measured using four ranks: weekly, two weeks, three weeks and four weeks. The two remaining project monitoring variables, frequencies at which interim valuations and financial statements are prepared, were measured using four ranks: four weeks, eight weeks, 12 weeks and 16 weeks, representing one month, two months, three months and four months, respectively. The four project control variables were measured using six ranks: one month, two months, three months, four months, five months and six months, representing four weeks, eight weeks, 12 weeks, 16 weeks and 20 weeks, respectively. All of the project monitoring and control variables were recorded in weeks for analysis purposes. The initial and actual contract periods were obtained in weeks, while the initial and final contract sums were obtained in Nigerian currency, which is Naira (N). Time overrun was derived as the difference between the actual and initial contract periods, while cost overrun was derived as the difference between the final and initial contract sums. These two overruns were used to calculate the percentages of time overrun to initial contract period and cost overrun to initial contract sum, which are the project outcome variables.


The data were collected with the aid of structured questionnaires that were administered by hand in early 2010 to the contract managers of the contractors constituting the study population. The respondents were asked to indicate the rank that represented their assessment of the frequencies at which the project monitoring and control strategies were carried out. They were also asked to state the initial and final contract periods and project sums. From the questionnaires returned, a sample of 85 contractors (questionnaires) consisting of 64 indigenous contractors and 21 expatriate contractors was selected by stratified random sampling. The ranking and test of difference in the frequencies at which indigenous and expatriate contractors use the project monitoring and control variables were analysed using the mean and t-test, respectively, while the relationship between the frequencies at which project monitoring and control strategies are used and the project outcome was tested using the Spearman correlation test.

RESULTS OF THE DATA ANALYSIS

The analysis of data collected and the results obtained are presented below.

Characteristics of Projects Used for the Study

The characteristics of the projects sampled were analysed to provide an understanding of the projects to which the results of the study apply. For the purpose of investigating the characteristics of the projects sampled, four characteristics namely: project type, client, contractor and procurement method, were analysed. The percentages at which the projects used a given project type, client type, contractor type and procurement method are presented in Table 1.


Table 1. Descriptive Result of the Characteristics of the Projects Used in the Study



	Characteristic
	N
	%
	Characteristic
	N
	%



	Project type
	Project client



	Buildings
	72
	83.7
	Public
	16
	18.6



	Roads
	14
	16.3
	Private
	70
	81.4



	Total
	86
	100
	Total
	86
	100



	Project procurement method
	Project contractor



	Direct labour
	29
	33.7
	Indigenous
	64
	74.4



	Design-bid-build
	48
	55.8
	Expatriate
	22
	25.6



	Design-build
	9
	10.5
	
	
	



	Total
	86
	100
	Total
	86
	100



N = Number of respondents

Table 1 shows that 38% of the sampled projects are building projects and 16.3% are road projects. Regarding procurement methods, 33.7% are direct labour projects, 55.8% are design-bid-build projects and 10.5% are design-build projects. Governments and their parastatals develop 18.6% of the projects, while private clients develop 81.4%. Indigenous contractors execute 74.4% of the projects in the sample, while projects expatriate contractors execute 25.6%.

Ranking of the Frequencies at which Indigenous and Expatriate Contractors use Project Monitoring and Control Strategies

The data collected on the frequencies at which project monitoring and control strategies are used were analysed to determine the ranking of the efforts of the two contractor categories using the mean. The results are presented in Table 2.


Table 2. Ranks of the Frequencies at Which Indigenous and Expatriate Contractors Use Project Monitoring and Control Strategies



	Strategy
	N
	[image: art]
	Std. Dev.
	Rank



	Site visits



	Indigenous
	64
	1.38
	0.604
	1



	Expatriate
	21
	1.24
	0.700
	2



	Site meetings



	Expatriate
	20
	1.70
	0.733
	1



	Indigenous
	62
	1.63
	0.723
	2



	Interim valuations



	Expatriate
	20
	8.00
	4.104
	1



	Indigenous
	60
	6.45
	3.788
	2



	Financial statement



	Indigenous
	62
	7.42
	4.276
	1



	Expatriate
	20
	7.20
	4.021
	2



	Updating programme of work



	Expatriate
	20
	8.00
	4.104
	1



	Indigenous
	60
	5.94
	3.377
	2



	Review of project plans



	Expatriate
	20
	8.80
	4.021
	1



	Indigenous
	60
	6.19
	3.524
	2



	Review of project objectives



	Expatriate
	20
	11.20
	3.578
	1



	Indigenous
	60
	6.45
	3.642
	2



	Review of project scope



	Expatriate
	20
	10.40
	4.570
	1



	Indigenous
	60
	6.97
	3.392
	2



N = Number of respondents, Std. dev. = Standard deviation

Table 2 shows that the frequencies at which indigenous contractors conduct site visits ([image: art] = 1.38 weeks) and prepare financial statements ([image: art] = 7.42 weeks) rank first, while the frequencies at which expatriate contactors conduct site meetings ([image: art] = 1.24 weeks) and prepare financial statements (7.20 weeks) rank second. These results indicate that expatriate contractors tend to carry out site meetings and prepare financial statements more frequently than indigenous contractors. However, Table 2 shows that the frequencies at which expatriate contractors conduct site meetings ([image: art] = 1.70 weeks) and prepare interim valuations ([image: art] = 8.00 weeks) rank first, while the frequencies at which indigenous contractors conduct site meetings ([image: art] = 1.63 weeks) and prepare interim valuations ([image: art] = 6.45 weeks) rank second. These results indicate that indigenous contractors tend to monitor projects by carrying out site meetings and interim valuations more frequently than expatriate contractors. The results imply that the levels of the project monitoring efforts of indigenous contractors by conducting site meetings and preparing interim valuations are higher than those of expatriate contractors.

Table 2 reveals that the frequencies at which expatriate contractors update programmes of work ([image: art] = 8.0 weeks) and review project plans ([image: art] = 8.8 weeks), objectives ([image: art] = 11.2 weeks) and scope ([image: art] = 10.4 weeks) rank first, while the frequencies at which indigenous contractors updating programmes of work ([image: art] = 5.94 weeks) and review project plans ([image: art] = 6.19 weeks), objectives ([image: art] = 6.45 weeks) and scope ([image: art] = 6.97 weeks) rank second. These results indicate that indigenous contractors tend to control projects by updating programmes of work and reviewing project plans, objectives and scope more frequently than expatriate contractors. The results imply that the levels of the project control efforts of indigenous contractors by updating programmes of work and reviewing project plans, objectives and scope are higher than those of expatriate contractors.

Differences in the Frequencies at which Indigenous and Expatriate Contractors use Project Monitoring and Control Strategies

The results in Table 2 have shown that the frequencies at which the four project monitoring strategies and three project control strategies are used by the two categories of contractors rank differently. Further analysis is therefore completed to determine whether these differences are significant or not. This involves the test of the first hypothesis, which states that the frequencies at which project monitoring and control strategies are used in projects executed by indigenous and expatriate contractors do not differ significantly. The hypothesis was tested using a t-test with a p-value ≤ 0.05. The rule for accepting or rejecting the hypothesis is that the hypothesis is accepted when the p-value > 0.05, but the hypothesis is rejected when the p-value ≤ 0.05. The eight project monitoring and control strategies were used for the test. The results are presented in Table 3.


Table 3. Results of the t-Test for the Difference in the Frequencies at which Indigenous and Expatriate Contractors Use Project Monitoring and Control Strategies



	Strategy
	N
	t-Value
	Df
	p-Value



	Site visits



	Indigenous
	64
	0.866
	83
	0.389



	Expatriate
	21
	
	
	



	Site meetings



	Expatriate
	20
	–0.361
	80
	0.719



	Indigenous
	62
	
	
	



	Interim valuations



	Expatriate
	20
	–1.558
	80
	0.123



	Indigenous
	60
	
	
	



	Financial statement



	Indigenous
	62
	0.202
	80
	0.840



	Expatriate
	20
	
	
	



	Updating programme of work



	Expatriate
	20
	2.253
	80
	0.027



	Indigenous
	60
	
	
	



	Review of project plans



	Expatriate
	20
	2.778
	80
	0.007



	Indigenous
	60
	
	
	



	Review of project objectives



	Expatriate
	20
	5.086
	80
	0.001



	Indigenous
	60
	
	
	



	Review of project scope



	Expatriate
	20
	–3.601
	80
	0.001



	Indigenous
	60
	
	
	



N = Number of respondents, Df = Degrees of freedom

Table 3 shows that the p-values for the tests of the difference in the frequencies at which indigenous and expatriate contractors conduct site visits (0.389) and site meetings (0.719) and prepare interim valuations (0.123) and financial statements (0.840) are greater than the critical p-value (0.05); therefore, the hypothesis is accepted for these variables. These results imply that indigenous and expatriate contractors conduct site visits and meetings and prepare interim valuations and financial statements at the same frequency.

Table 3 reveals that the p-values for the tests of the difference in the frequencies at which indigenous and expatriate contractors update programmes of work (0.027) and review project plans (0.007), objectives (0.001) and scope (0.001) are greater than the critical p-value (0.05); therefore, the hypothesis is accepted. These results imply that all of the project control efforts by indigenous and expatriate contractors are significantly the same.


Influence of the Levels at which Indigenous Contractors use Selected Project Monitoring and Control Strategies on Project Outcome

Because the purpose of this study is to assist indigenous and expatriate contractors in evaluating the effectiveness of their monitoring and control efforts, an attempt was made to determine the relationship between the frequencies at which these contractors use project monitoring and control and the outcomes of their projects. This involves the test of the study’s second hypothesis, which states that the frequencies at which indigenous contractors use project monitoring and control strategies have no significant relationship with the outcomes of their projects. The hypothesis was tested using the Spearman correlation test with a p-value ≤ 0.05. The rule for accepting or rejecting the hypothesis is that the hypothesis is accepted when the p-value > 0.05, but the hypothesis is rejected when the p-value ≤ 0.05. The eight project monitoring and control parameters and the two project outcome parameters stated in the research methods were used for the test. The results are presented in Table 4.


Table 4. Results of the Spearman Test for the Correlation between the Frequencies at which Indigenous Contractors Use the Project Monitoring and Control Strategies and Project Outcome



	Variables Paired
	N
	R
	p-Value



	% cost overrun/initial contract period



	Frequency of site visits
	54
	0.436
	0.001



	Frequency of site meetings
	52
	0.456
	0.001



	Frequency of interim valuations
	52
	–0.082
	0.563



	Frequency of financial statements
	52
	0.159
	0.260



	Frequency of programme of work
	52
	0.314
	0.023



	Frequency of project plans
	52
	0.080
	0.574



	Frequency of reviewing project objectives
	52
	0.001
	0.996



	Frequency of reviewing project scope
	52
	0.041
	0.772



	% time overrun/initial contract sum



	Frequency of site visits
	56
	–0.140
	0.302



	Frequency of site meetings
	54
	–0.228
	0.097



	Frequency of interim valuations
	54
	0.186
	0.178



	Frequency of financial statements
	54
	–0.209
	0.130



	Frequency of programme of work
	54
	0.057
	0.684



	Frequency of project plans
	54
	–0.012
	0.930



	Frequency of reviewing project objectives
	54
	0.079
	0.570



	Frequency of reviewing project scope
	54
	–0.186
	0.177



N = Number of respondents, R = Correlation coefficient value

Table 4 shows that the p-values for the test of correlation between the percentage of cost overrun to the initial contract sum and the frequencies at which interim valuations (0.563) and financial statements (0.260) are prepared and project plans (0.574), objectives (0.996) and scope (0.772) are reviewed are greater than the critical p-value (0.05); therefore, the hypothesis is accepted for these variables. These results indicate that the frequencies at which indigenous contractors prepare interim valuations and financial statements and review project plans, objectives and scope have no significant correlation with the percentage of cost overrun to the initial contract sum of their projects. However, the p-values for the test of correlation between the percentage of cost overrun to the initial contract sum of their projects and the frequencies at which site visits (0.001) and site meetings (0.001) are conducted and programmes of work (0.023) are updated are less than the critical p-value (0.05); therefore, the hypothesis is rejected for these variables. These results indicate that the frequencies at which indigenous contractors conduct site visits and meetings and update programmes of work are significantly correlated with the percentage of cost overrun to the initial contract sum of their projects.

Table 4 shows that the p-values for the test of correlation between the percentage of time overrun to the initial contract period of the projects and the frequencies at which site visits (0.302) and meetings (0.097) are conducted, interim valuations (0.178) and financial statements (0.130) are prepared, programmes of work (0.684) are updated and project plans (0.930), objectives (0.570) and scope (0.177) are reviewed are greater than the critical p-value (0.05); therefore, the hypothesis is accepted for these variables. These results indicate that the frequencies at which indigenous contractors use the eight project monitoring and control strategies have no significant correlation with the percentage of time overrun to the initial contract period of their projects. In other words, all of the project monitoring and control efforts of indigenous contractors have no influence on the ratio of overrun to scheduled delivery time of their projects.

Influence of the Levels at which Expatriate Contractors Use Selected Project Monitoring and Control Strategies on Project Outcome

The relationship between the frequencies at which expatriate contractors use project monitoring and control strategies and the outcomes of their projects was also evaluated. This involves the test of the study’s third hypothesis, which states that the frequencies at which expatriate contractors use project monitoring and control strategies have no significant relationship with the outcomes of their projects. The hypothesis was tested using the Spearman correlation test with a p-value ≤ 0.05. The rule for accepting or rejecting the hypothesis is that the hypothesis is accepted when the p-value > 0.05, but the hypothesis is rejected when the p-value ≤ 0.05. The eight project monitoring and control parameters stated above and the two project outcome parameters stated in the research methods were used for the test. The results are presented in Table 5.


Table 5. Results of the Spearman Test for the Correlation between the Frequencies at which Expatriate Contractors Use the Project Monitoring and Control Strategies and Project Outcome



	Variables Paired
	N
	R
	p-Value



	% cost overrun/initial contract period



	Frequencies of site visits
	17
	–0.402
	0.110



	Frequencies of site meetings
	16
	0.084
	0.757



	Frequencies of interim valuations
	16
	–0.218
	0.417



	Frequencies of financial statements
	16
	–0.546
	0.029



	Frequency of programme of work
	16
	–0.327
	0.216



	Frequency of project plans
	16
	–0.056
	0.836



	Frequency of reviewing project objectives
	16
	0.153
	0.571



	Frequency of reviewing project scope
	16
	0.412
	0.112



	% time overrun/initial contract sum



	Frequencies of site visits
	19
	0.044
	0.859



	Frequencies of site meetings
	18
	0.275
	0.269



	Frequencies of interim valuations
	18
	–0.346
	0.159



	Frequencies of financial statements
	18
	–0.087
	0.733



	Frequency of programme of work
	18
	0.087
	0.733



	Frequency of project plans
	18
	0.182
	0.469



	Frequency of reviewing project objectives
	18
	0.105
	0.677



	Frequency of reviewing project scope
	18
	0.258
	0.301



N = Number of respondents, R = Correlation coefficient value

Table 5 shows that the p-values for the test of correlation between the percentage of cost overrun to the initial contract sum and the frequencies at which expatriate contractors conduct site visits (0.110) and meetings (0.757), prepare interim valuations (0.417), update programmes of work (0.216) and review project plans (0.836), objectives (0.571) and scope (0.112) are greater than the critical p-value (0.05); therefore, the hypothesis is accepted for these variables. These results indicate that the frequencies at which expatriate contractors use the three project monitoring strategies, site visits, site meetings, interim valuations, and the four project control strategies have no significant correlation with the percentage of cost overrun to the initial contract sum recorded in their projects. However, the p-value for the test of correlation between the percentage of cost overrun to the initial contract sum and the frequency at which financial statements (0.029) are prepared is less than the critical p-value (0.05); therefore, the hypothesis is rejected for this variable. The result indicates that the frequency at which expatriate contractors prepare financial statements is significantly correlated with the overrun in the contract sum of their projects.

Table 5 shows that the p-values for the test of correlation between the percentage of time overrun to the initial contract period and the frequencies at which expatriate contractors conduct site visits (0.859) and meetings (0.269), prepare interim valuations (0.159) and financial statements (0.733), update programmes of work (0.733) and review project plans (0.469), objectives (0.677) and scope (0.301) are greater than the critical p-value (0.05); therefore, the hypothesis is accepted for these variables. These results indicate that the frequencies at which expatriate contractors use the eight project monitoring and control strategies have no significant correlation with the percentage of time overrun to the initial contract period recorded in their projects. In other words, the project monitoring and control efforts of expatriate contractors have no influence on the percentage of time overrun to the initial contract period recorded in their projects.

DISCUSSIONS

The results of the study have revealed that the frequencies at which the two categories of contractors conduct site visits and meetings and prepare interim valuations and financial statements are insignificant. These results imply that the frequencies at which indigenous and expatriate contractors monitor projects are the same. However, the study reveals that the frequencies at which the two categories of contractors update programmes of work and review project plans, objectives and scope are significantly different. These results indicate that indigenous contractors carry out the four project control strategies more frequently than expatriate contractors. The implication is that contractor type affects the frequency at which projects are controlled, but it does not affect the frequency at which they are monitored. While indigenous contractors update the work programme of their projects and review their plans, objectives and scope more frequently than expatriate contractors, they conduct site visits and meetings and prepare interim valuations and financial statements at the same frequency as their expatriate counterparts. It is important to note that while monitoring activities could be done by the contractors’ team alone, control activities require the involvement and approval of other project stakeholders, especially project consultants. In other words, the higher frequencies (in the case of the indigenous contractors’ projects) and lower frequencies (in the case of the expatriate contractors’ projects) of control are in conjunction with other project stakeholders. Because the indigenous contractors’ projects are small and those of the expatriate contractors are large, the results therefore imply that small projects require more frequent control than large projects. This is an indication that small projects are not as adequately planned as large projects. The question that arises from these results is “what is the relevance of these efforts?”

The analysis of the relationship between the project monitoring and control strategies and the outcomes of the projects executed by the two categories of contractors provides an answer to this question. The results of the study show that the frequency at which site visits are conducted significantly influences the percentage cost overrun to the initial contract sum; however, it has no influence on the percentage of time overrun to the initial contract period of projects executed by indigenous contractors. Similarly, it has no significant influence on the percentages of time overrun to the initial contract period and cost overrun to the initial contract sum of projects executed by expatriate contractors. These results indicate that the number of times that the contractors conduct site visits can reduce the cost overrun of projects executed by indigenous contractors but cannot reduce the time overrun of their projects and the cost and time overruns of projects executed by expatriate contractors.


The results of the relationship between the frequency at which site meetings are conducted and the two project outcome parameters indicate that the frequency of site meetings significantly influences the percentage of cost overrun to the initial contract sum of projects executed by indigenous contractors but has no influence on the percentage of time overrun to the initial contract period of their projects. The results of the study also indicate that the frequency at which site meetings are conducted has no significant influence on the time and cost overruns of projects executed by expatriate contractors. These results imply that the number of site meetings held can reduce the cost overrun of projects executed by indigenous firms. This result supports the assertions by Arditi (1985) and Mauricio and Carlos (2002) that the performances of firms depend on their monitoring and control structures.

The results of the relationship between the frequency at which interim valuations are prepared and the two project outcome parameters indicate that the frequency of interim valuation preparations has no significant influence on the percentages of time overrun to the initial contract period and cost overrun to the initial contract sum of the projects executed by both indigenous and expatriate firms. These results imply that the number of interim valuation reports prepared does not contribute to the outcomes of projects executed by the two categories of contractors.

The results of the relationship between the frequency at which financial statements are prepared and project outcome indicate that the frequency of financial statement preparations significantly influences the percentage of cost overrun to the initial contract sum of projects executed by expatriate contractors. However, it does not influence the percentages of time overrun to the initial contract period and cost overrun to the initial contract sum of projects executed by indigenous contractors or the percentage of time overrun to the initial contract period of projects executed by expatriate contractors. This result indicates that the efforts of indigenous contractors in preparing financial statements do not contribute to the outcomes of their projects, and that of the expatriate contractors only contributes to the cost overrun of their projects.

The results of the relationship between the frequency at which work programmes are updated and project outcome indicate that the frequency of work programme updates significantly influences the percentage of cost overrun to the initial contract sum of projects executed by indigenous contractors. However, it has no influence on the percentage of time overrun to the initial contract period of projects executed by indigenous contractors or the time and cost overruns of projects executed by expatriate contractors. These results imply that the number of times that a work programme is updated contributes to the cost overrun of projects executed by indigenous contractors but does not contribute to the time overrun of their projects or the time and cost overruns of projects executed by expatriate contractors.

The results of the relationship between the frequency at which project plans and objectives are reviewed and project outcome indicate that the frequencies of project plan and objective reviews have no significant influence on the time and cost overruns of projects executed by both indigenous and expatriate contractors. These results imply that the number of times that indigenous and expatriate contractors review project plans and objectives does not influence the outcomes of their projects. Similarly, the results of the relationship between the frequency at which the project scope is reviewed and project outcome indicate that the frequency of project scope reviews has no significant influence on the percentages of cost overrun to the initial contract sum or time overrun to the initial contract period of projects executed by indigenous and expatriate contractors. This result indicates that the efforts of the two categories of contractors in project scope reviews do not contribute to the outcomes of their projects, as asserted by Arditi (1998) and Mauricio and Carlos (2002).

CONCLUSION

The results of the test of the study’s first hypothesis have established that the two categories of contractors carry out the four project monitoring strategies at the same frequency, but indigenous contractors carry out the four project control strategies more frequently than their expatriate counterparts. Because control measures are applied when the project status is behind schedule, the results of the study therefore suggest that the projects executed by indigenous contractors are more frequently delayed and demand more control measures than those executed by expatriate contractors. Previous studies conducted by Elinwa and Buba (1993), Elinwa and Uba (2001), Elinwa and Joshua (2001) and Aibinu and Jagboro (2002) also found that a delay in the delivery of projects is a major problem in Nigeria.

The results of the test of the second hypothesis revealed that the frequencies at which site visits and site meetings are conducted and programmes of work are updated can reduce the cost overrun of projects executed by indigenous contractors, while the test of the third hypothesis shows that the frequencies at which financial statements are prepared can reduce the cost overrun of projects executed by expatriate contractors. The conclusion from these findings is that indigenous contractors can reduce the cost overrun of their projects by conducting more site visits and meetings and updating their programmes of work more often; expatriate contractors can achieve the same result in their projects by preparing financial statements more often.

Furthermore, the results of the study have revealed that the use of many of project monitoring and control strategies by indigenous and expatriate contractors does not contribute to the outcomes of their projects. This result suggests that the two categories of contractors do not utilise some of the strategies to improve the delivery time and cost of their projects. While these contractors carry out these strategies, they do not utilise them for monitoring and controlling their projects. The challenge before the contractors now is how to utilise the strategies to improve the outcomes of their project. Though not established in this study, the firms may lack the knowledge of how to use the reports or statements produced from these activities to monitor and control projects. There is a need for these firms to ensure that their project monitoring and control efforts are utilised to improve the outcomes of their projects. Thus, they should ensure that site visits, site meetings, interim valuations and financial statements are carried out more frequently than before. They should also explore the possibility of utilising the monitoring and control strategies to improve the outcomes of their projects. In this regard, project objectives, scope and plans and programmes of work should be properly defined and prepared before projects are executed, and site visits, site meetings, interim valuations and financial statements should be carried out frequently and at a high standard during the execution of the projects. The firms should also ensure that their management staffs possess adequate knowledge of how to utilise the reports and statements prepared from the activities to monitor and control their projects effectively.

SUGGESTIONS FOR FURTHER RESEARCH

This study only adopted the frequencies at which monitoring and control activities are carried out for investigating the contributions of monitoring and control to project outcome. However, the quality of monitoring and control activities will equally contribute to project outcome. For this reason, further research on the contribution of the quality of project monitoring and control strategies to project outcome is suggested to complement the results of this study.
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Abstract: A nation’s construction industry plays a pivotal role in the nation’s development. While the arrangement and organisation of participants for construction procurement is critical to project delivery, participants are often faced with a maze of possible procurement paths. This study used 94 construction projects in Nigeria that were executed or being executed with the traditional or integrated project procurement methods. A logistic regression analysis was conducted using dependent and independent variables. A model for predicting the chosen procurement method evolved from this analysis. The developed model was significant, and its robustness was validated. The model’s predictive use is recommended for projects in the research environment. Further examination of ethical and cultural issues with respect to construction procurement in the research environment is recommended. Furthermore, a similar study should be done in countries with similar or dissimilar characteristics to elicit the effects of geographical and cultural differences.
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INTRODUCTION

A nation’s construction industry plays a critical role in the development of that nation through the provision of infrastructure and contribution to the country’s gross domestic product (Dada and Oladokun, 2008; Ogunlana, 2010). The state of a nation’s construction industry can thus signal the direction of development in the nation, at least in terms of infrastructure. The industry is responsible for the provision of shelter, buildings and other infrastructure that adds to or supports the quality of life of the population. Infrastructure development remains a sine-qua-non to national development regardless of the method used to procure projects (Dada, Okikiolu and Oyediran, 2006).

The contractual arrangement and organisational deployment of participants for the realisation of the building project are important processes. The traditional procurement method imposes a contractual and organisational separation between design and construction; in the integrated method, the design and construction are under the same contractual and organisational umbrella. Examples of the integrated method are the design-and-build, turnkey, package-deal, and build-operate-transfer methods, as well as their variants. While the literature recognises that the dominant procurement method in many countries, including Nigeria, has been the traditional method (Gordon, 1994; Ling, Ofori and Low, 2003; Nubi, 2003), the fastest growing procurement method in some countries is the design-and-build method (Petersen and Murphree, 2004). In Nigeria, for example, the traditional method has partly been used due to the institutional requirements for releasing public sector contracts on a competitive basis with the assumption that doing so can promote accountability. However, public and private clients are being presented with emergent options from which to choose. In Nigeria, there is already a legal backing for the use of the public-private partnerships for certain public sector projects through the Infrastructure Concession and Regulatory Commission at the federal level. This research thus set out to determine the predictors of the selection of procurement paths between the historically dominant method (the traditional method) and the emerging integrated method. The fact that Nigeria, like other developing countries, must still provide a huge volume of critical housing and other infrastructure to residents and yet has choices regarding procurement paths underscores the relevance and current nature of this research. The study thus has the potential to contribute to the body of knowledge on procurement selection in the study area and can be a guide for decision makers.

PROCUREMENT SELECTION: THEORETICAL PERSPECTIVES

There are several worldviews from which procurement is perceived by researchers and practitioners, including the view of an organisation as a system (scientific management); a biological organism (system approach); states of flux and transformation; or a socio-technical framework [McDermott, 1999 citing Green (1994)]. Furthermore, the selection of procurement can be studied using the situational or contingency approaches. This perspective acknowledges that no single procurement method is applicable and adaptable to all situations (Yinghui and Eng, 1999; Rowlinson, 1999) and no one method is a cure-all. A related perspective is the socio-technical perspective, which assumes that the selection of a procurement method cannot be based solely on objective data; instead, it must be based on a combination of objective and subjective considerations. The approach acknowledges the interaction between objective and subjective realities through the human aspect. The subjective reality, though intangible, can have tangible and far-reaching influences on the procurement selection. As human beings are not mechanistic, they play a part in the procurement process and thus influence procurement decisions.

While the choice of a procurement method is principally that of the client through its organisation or an advisor organisation, clients can vary depending on their exposure and experience and the volume and repetitiveness or continuity of their works. Furthermore, construction projects may differ in scope, nature and complexity; project objectives may also differ in importance (Mbanjwa, 2003). A client organisation may thus have a variety of needs to which different priorities and weights are attached; the client organisation will then be required to make a decision based on its enlightened best interests, taking both objective and subjective issues into consideration (Kumaraswamy and Dissanayaka, 1998; Chen-yu and Ive, 2002).

Some studies on procurement in Nigeria have sought to compare certain aspects of some selected procurement paths. Ogunsanmi, Iyagba and Omirin (2001) investigated the factors contributing to the performance of a procurement path using the traditional and labour-only methods. Their study explored the relationships between variables including client characteristics, project characteristics and desired performance measures. The study by Ogunsanmi, Iyagba and Omirin (2001) was similar to that of Naoum (1994), who also investigated the selection and performance of procurement paths. However, Naoum (1994) investigated the traditional and management contracting methods. Furthermore, Naoum’s (1994) study was not based in Nigeria. Ojo (2009) investigated the performance of procurement methods in Nigeria using performance indices. Like Babatunde, Opawole and Ujaddugbe (2010), he acknowledged that the traditional procurement method is the most commonly used method in the country. Ojo (2009) further investigated a variant of the traditional method (lump-sum contract method) and the management-contracting, design-and-build, and build-own-operate-transfer methods. The selection criteria he used were speed, cost certainty, time certainty, price competition, quality, risk avoidance on time and risk avoidance on cost. However, his work did not attempt to present a conceptual framework for the development of a predictive model. Some studies on procurement have been conducted in other countries, but these studies have not focused specifically on the selection between the two methods under investigation in this study (Naoum, 1994; Chan, 1995; Alhazmi and McCaffer, 2000; Love et al., 2008). Love et al. (2008) analysed the procurement selection criteria in the public sectors of two states in Australia. Alhazmi and McCaffer (2000) developed a procurement selection model while adopting an analytic hierarchy process with Parker’s judging alternative of value engineering, dove-tailing with a multi-criteria multi-screening method. The study of Naoum (1994) culminated in the ways in which the respective variables affect project performance. The study of Chan (1995) dwelt on procurement selection. The current research also investigates the selection of the procurement path between the traditional and integrated methods. All of the studies on the selection and performance of procurement paths are relevant because while selection is different from performance, there is a relationship between the two; procurement selection contributes significantly to project performance (Naoum, 1994; Rwelamila and Meyer, 1999). Thus, some of the relationships among some variables subsist when studying the performance of a procurement path.

This research builds on previous studies, especially regarding the contingency and socio-technical perspectives, to propose that the selection of a procurement method is a function of both hard and soft factors, consisting of a mix of independent variables such as client characteristics, project characteristics, team composition and relationship characteristics. This concept formed the basis of the development of the procurement selection model. Interestingly, this study has included another dimension of soft issues while investigating procurement method selection. Specifically, relationship or personality issues, which Fryer (1991) identified as intangible but potential influences on procurement selection and performance, are included as conceptualised variables in this study. Some previous studies on procurement selection and performance referred to in this paper have not studied the impact that desired relationships among project participants can have on procurement selection. This study thus attempted to add the desired nature of a relationship as one of the variables in the model development.

While many procurement selection approaches have been reported, no generally applicable solutions have been found (Chan, 1995; Love, Skitmore and Earl, 1998). The perspective on procurement that no single method is judged suitable for all situations emphasises the importance of this study. Furthermore, while it is posited that no one method can be useful in all situations, not choosing an appropriate procurement method can have dire consequences on project objectives and can lead to project delays, cost overruns, team relationship problems and sometimes project abandonment and building collapse. Some of these problems are present in the construction industry in Nigeria and have been described in various reports (Aibinu and Jagboro, 2002; Oyedele and Tham, 2005). This study was embarked upon in an attempt to have an informed basis for selecting a procurement method.

RESEARCH METHODS

The research was conducted by examining relevant literature and administering a questionnaire on selected projects. The questionnaire responses were sometimes followed up by structured interviews. The projects executed or being executed with the traditional or integrated procurement methods were intentionally sampled and drawn from past or ongoing construction projects in 11 states of Nigeria and the Federal Capital Territory, Abuja. Integrated projects investigated in the work include the design-and-build, package-deal, turnkey and build-operate-transfer methods or their variations. The underlying philosophy for the method choice was the project execution under one contractual entity. Intentional sampling was used because there was no available comprehensive, reliable database of projects being executed through different procurement methods by the private and public sector clients in the country. The questionnaire asked for the respondent’s personal data, as well as the project location, building or project type, size of building, number of floors in the building, foundation type, client type, characteristics of the design and construction teams (whether in-house, external or mixed teams), nature of the construction organisation, client’s experience with respect to construction commissioning, and client’s business focus, whether speculative or indicated. Further biographical details about the client, contracting, and consulting organisations involved in the project that were judged relevant were requested. The respondents were then asked to indicate the procurement method used for the project and supply information on the method of tendering for the project. Additionally, the respondents were asked to supply some other project particulars, including the initial contract price or estimated total cost, when appropriate, followed by the final contract price/anticipated final cost. Further data provided by the respondents included the year of award, initial or programmed contract duration, year of completion or projected year of completion, final contract duration, and total design and construction time. The influence of some identified considerations on the choice of the procurement method for the project was then sought using an ordinal scale (from 1, which signifies “no influence”, to 4, which represents “very high influence”).

The instrument used for the pilot study was tested for reliability with the split-half method by applying the Spearman–Brown correction formula. The level of significance for the reliability tests was set at 5%. The test reliability yielded a correlation coefficient of .78. After some amendments of the instrument used for the pilot study, the final instrument yielded a split-half reliability coefficient of .94. These values are sufficiently high when considering previous works (Kaming et al., 1998).


Questionnaire responses were obtained for 94 (34%) out of the 274 targeted construction projects. The average response rate to the questionnaires was thus above 30%, which is acceptable when considering previous studies in same field (Moser and Kalton, 1971 as cited by Mills and Skitmore, 1999).

The returned questionnaire data were then entered into the Statistical Package for Social Scientists (SPSS) version 14 software. Some contributing factors were identified from the literature and experience. Twenty-one such items were identified and analysed for possible decomposition using a factor analysis. There was no convergence on the different rotations; thus these 21 factors and the variables for the logistic regression analysis were entered directly. The 21 factors were:


	the need for client’s involvement;

	the need for specialisation and differentiation among participants;

	the need for collaboration among project participants;

	the need to reduce cost or enhance cost performance;

	the need to deliver on schedule;

	the need for clear risk allocation;

	the need for non-adversarial relationship;

	the need for cost certainty;

	the need for a unique and challenging project;

	the need for a project that enhances expected quality performance;

	the project procurement method is fashionable;

	disappointment with some previous alternatives;

	it was recommended to us;

	suits the complexity of the job;

	user familiarity;

	ease of application;

	the need for knowing certainty of initial cost;

	the need for knowing certainty of final cost;

	the need for improvement or innovation;

	to protect our enlightened organisation interest; and

	the commercial and investment reasons (the need to maximise profit/value).


A logistic regression analysis was conducted with the procurement method as the dependent variable and several other variables as the independent variables. A binary logistic regression was done for both model development and group classification because the dependent variables were dichotomous. Furthermore, categorical outcomes were also expected. The initial regressions reported the presence of many zero cells, which was perceived as a problem. A solution to problem suggested by Mernadd (2001) was adopted. The solution was a proper examination of the data and the re-categorisation of certain covariates. The variables that were judged to contribute to the selection of procurement methods were re-categorised as follows: values of influence from 0 to 1 in the original responses were re-classified as 1 “no influence”, values of influence from 3 to 4 in the responses were re-categorised as 2, implying the variable’s influence on the procurement method selection. The stepwise method was used for the logistic regression analysis. This method involved the use of a sample for validation. The capacity to set aside this sample for validation and validate the sample is already built into the SPSS 14 logistic regression software; thus, it was easy to validate the regression model. The final classification table was studied to report the probabilities of predicted cases in both the selected and unselected samples. The baseline procurement method, equivalent to “yes”, was set to the integrated method. Each probability above 50% was reported to be a correct classification in the “yes” category or for “integrated method”.

ANALYSIS AND RESULTS

Projects based in Lagos State accounted for 56.3% of the responses, while 43.7% of the responses were from the remaining eleven states and the Federal Capital Territory. These percentages can be explained by the fact that Lagos was the political capital of Nigeria and still remains the nation’s commercial centre. Lagos is one of the world’s emerging megacities and is even reported as the fastest growing city in the world [The Punch (2006) citing the United Nations Report 2006/2007], implying the increased demand for and considerable amount of ongoing construction.

On the projects and procurement method used, the survey shows that 30 (31.90%) projects were executed by integrated methods and 64 (68.10%) projects were executed by the conventional or traditional method. Although the umbrella term of integrated method was used, the integrated method options included the design-and-build, package-deal, turnkey, and build-operate-transfer system methods and their variants. For the projects executed with the integrated procurement method, 26 (86.7%) were design-and-build projects, one (3.33%) was a package-deal project, one (3.33%) was a turnkey project and two (6.67%) were build-operate-transfer projects or variations of the previous methods.

The next step is model development using a logistic regression analysis. For a linear model of the form Y = α + β1X1, the dependent variable can take any value. For a probability model, the probabilities are bounded and can only take values between 0 and 1. However, the relationship between the probabilities and the independent variable is typically non-linear. In an attempt to obtain a linear relationship between the probabilities of the dependent variables and predictor variables, the relationships were linearly transformed by taking the logit of the dependent variables.

Mernadd (2001) acknowledged the relevance of different regression methods and explained some of their underlying principles. For linear regressions, there are assumptions of normality. For logistic regressions, the errors are not assumed to have a normal distribution; instead, a binomial distribution is assumed. Distribution errors are assumed to have a binomial distribution, which only approximates to a normal distribution for large samples. In logistic regressions, predictors can be discrete or categorical. A logistic regression is used when the outcome variable is a categorical dichotomy. Furthermore, using logistic regression is occasioned by the fact that having a categorical dichotomy as an outcome violates the assumption of linearity in normal regressions. Additionally, linear relationships between the dependent and independent variables are assumed. According to Kinnear and Gray (2000), in logistic regression, as in ordinary regression, the values of the parameters Bo, B1 … Bp are chosen such that the logistic regression equation predicts the independent variable as accurately as possible. In multiple regressions, formulae can be derived from the B values that can be calculated. In logistic regressions, however, a brute force algorithm must be used, in which after so many cycles or iterations, the estimated B values appear to be converging to fixed values. The natural logarithm of the odds is used to address the deficiency of the asymmetry of odds. The SPSS 14 software internally coded the dependent variables as 0 and 1 for the traditional and integrated methods, respectively.

Tables 1 to 5 show some of the (edited) outputs of the logistic regression. Specifically, Table 1 shows some of the variables in the equation.


Table 1. Variables in the Equation
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The significant variables in the model are shown in step 5a of Table 1 above. The variables are BNONADVER, BCOMINVES, BENORINT and BFASIONME, which have the following meanings:



	BNONADVER
	=
	influence of the need for a non-adversarial relationship,



	BCOMINVES
	=
	influence of commercial or investment considerations (i.e., influence of the need to maximise profit),



	BENORINT
	=
	influence of the need to satisfy the organisation’s enlightened self-interest,



	BFASIONME
	=
	influence of the need for a fashionable method.



The logistic regression equation is thus,



	Logit (Procurement selection) =
	1.914 – 3.109 (influence of the need for a non-adversarial relationship) – 2.176 (influence of the need for a fashionable method) – 2.863 (influence of the need to satisfy the organisation’s enlightened self-interest) + 3.626 (influence of commercial and investment considerations or influence of the need to maximise profit) (Eq. 1)



The implication of this equation is that these variables significantly affect the likelihood of selecting a certain procurement method between the two options. The probability greater than 50% would classify the case as being in the “yes” category, which is the selection of the integrated method. The regression is further diagnosed by examining some of the edited outputs. Table 2 presents the Hosmer and Lemeshow Goodness-of-Fit Test for the model.


Table 2. Hosmer and Lemeshow Goodness-of-Fit Test



	Step
	Chi-Square
	Df
	Sig.



	1

	.000
	0
	



	2

	.819
	2
	.664



	3

	2.588
	6
	.859



	4

	4.905
	7
	.672



	5

	5.615
	7
	.585



For the Hosmer and Lemeshow test, the model indicates a bad fit if the significance value is less than 0.05. In Table 2, the significance value is 0.585; thus, the model adequately fits the data, and there is no difference between the predicted and observed number of cases. Furthermore, the variables chosen for the model all have significant values with respect to the −2log likelihood. This result is reflected in Table 3 below.


Table 3. Model if the Term is Removed



	
	Variable
	Model Log Likelihood
	Change in −2 Log Likelihood
	Df
	Sig. of the Change



	Step 1
	BNONADVE
	–42.669
	12.683
	1
	.000



	Step 2
	BNONADVE
	–38.986
	15.284
	1
	.000



	
	BCOMINVES
	–36.328
	9.968
	1
	.002



	Step 3
	BNONADVE
	–35.881
	15.280
	1
	.000



	
	BENORGINT
	–31.344
	6.206
	1
	.013



	
	BCOMINVES
	–35.502
	14.523
	1
	.000



	Step 4
	BNONADVE
	–32.407
	15.309
	1
	.000



	
	BFASIONME
	–28.241
	6.977
	1
	.008



	
	BENORGINT
	–29.461
	9.419
	1
	.002



	
	BCOMINVES
	–33.546
	17.588
	1
	.000



	Step 5
	BNCLINV
	–24.752
	4.328
	1
	.037



	
	BNONADVE
	–30.907
	16.638
	1
	.000



	
	BFASIONME
	–25.890
	6.604
	1
	.010



	
	BENORGINT
	–27.028
	8.880
	1
	.003



	
	BCOMINVES
	–32.154
	19.132
	1
	.000



From Table 3, considering step 5, all of the variables have significant changes in their −2log likelihood. Table 4 presents the model summary, showing the different equivalents of R-squared in the linear regression analysis.


Table 4. Model Summary



	Step
	–2 Log Likelihood
	Cox and Snell R-Squared
	Nagelkerke R-Squared



	1
	72.656a
	.175
	.241



	2
	62.687b
	.291
	.400



	3
	56.481b
	.354
	.488



	4
	49.504c
	.419
	.577



	5
	45.176c
	.456
	.628



a. The estimation was terminated at iteration number four because the parameter estimates changed by less than .001.

b. The estimation was terminated at iteration number five because the parameter estimates changed by less than .001.

c. The estimation was terminated at iteration number six because the parameter estimates changed by less than .001.


The −2log likelihood decreases until it reaches a final value of 45.176 when iteration stops, indicating that the addition of the independent variables to the model accounts for a significant portion of the residual variance. Furthermore, while R-squared, the coefficient of determination, cannot be calculated in the logistic regression model, an equivalent pseudo R-squared can be calculated. Table 4 shows that the Cox and Snell R-squared is 0.456 at the last iteration, while the Nagelkerke R-squared is 0.628. Thus, approximately 63% of the variance in the dependent variable is explained by the covariates or independent variables. A model with a higher pseudo R-squared can typically perform better than those with a smaller pseudo R-squared. In light of this trend, several models were scrutinised for this requirement, and other diagnostic tests were conducted before this model was chosen.


Table 5. Final Classification Tabled
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Table 5 indicates that 39 out of the 43 traditional projects are correctly classified. Eighteen out of the 23 integrated projects are correctly classified, and 86.4% of the selected cases are classified correctly. The unselected cases that were not used to create the model were used to validate the subset. The table shows that 58.3% were correctly classified by the model. However, this result should be read in the context of a cut value set at 50%. This cut value may limit the 100% efficacy of the model. There are other approaches to validating the model, as stated or used by El-Choum (2000) and Lam, Chan and Chan (2008). However, in this research, the model was validated using the built-in capacity of the SPSS 14 software permitting the use of a subset validation model.

DISCUSSIONS

An application of the model to a typical case in the data will illuminate the implications of the model. In line with Ashley and Jaselskis (1988), the probability of success is defined by the logit function as follows:
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where the value of y in the logit equation is as estimated by the derived Eq. 1. For a typical project or case from the data in which all of the covariates have the values of 1 from the data reclassification, the logit is calculated as follows:
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Thus, the probability of successfully selecting the integrated method over the traditional method is as follows:
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However, if the values of the independent variables are changed, different probabilities result from this equation. In cases for which there is an influence of the need to maximise profit (versus the scenario for which there is no influence), the value of one assigned to that variable changes to two, and the corresponding probability of success increases to 74%. In this situation, y increases to 1.018. The implication of this result is that there is a much better chance of selecting the integrated method when there is a need to maximise profit in a project. Similar iterations were made by changing the values of other independent variables in the logit equation for the selected case. Interestingly, the presence of the influence of the need for a non-adversarial relationship, even though significant in the model, can potentially decrease the probability of successfully selecting the integrated method over the traditional method. This finding warrants attention and may demand closer examination and scrutiny. One possible explanation for this finding is cultural issues. Ordinarily, integrated methods should be favoured by the need for a non-adversarial relationship. Based on real data, this research suggests a departure of the real (what is obtained from the data) from the ideal. Perhaps this development may be due to the possible ethical abuses to which integrated project development could be subjected. Such abuses could arise from the design and construction entity (one organisation in the case of integrated method) taking undue advantage of the client, especially when there is no independent monitoring consultant. In such cases, the client may feel cheated when he has some information, possibly leading to negative reactions. Thus, these parties may not see the integrated method as a solution to relationship problems in project procurement.

The regression analysis suggests that the selection of procurement (between the integrated and traditional procurement methods) is significantly affected by the variables reported in the regression model. The variables significantly affect the likelihood of selecting a given procurement method between the two options. The developed model indicates the role that relationship issues have in a particular procurement selection. Furthermore, the need for being fashionable or doing what people are used to has an effect on the likelihood of selecting the integrated method over the traditional method. The need to maximise profit is another key issue, as is the need to meet an organisation’s enlightened self-interest.

The model developed in this study is unique to the selected procurement methods and is clearly different from other models due to methodological approaches. The study also differs in the procurement paths used. While the models are different, the underlying assumptions may overlap. Love et al. (2008) indicated that among other criteria, the criteria of project value, project complexity, location, client factors and political considerations affected the selection of procurement methods. Alhazmi and McCaffer’s (2000) model was built through a hierarchical process using a multi-criteria multi-screening method. While the work of Babatunde, Opawole and Ujaddugbe (2010) is not a regression model, it analyses the factors affecting procurement selection. The present research has elaborated on significant factors affecting procurement selection, showing the causal relationships and the direction of the contribution of those significant factors.

The model also suggests that soft factors contribute to the selection of a procurement method between the two alternatives. The soft factors refer to factors that are human-related and are potentially subjective. The practical implications of this model are that when the variables in the model are known, an indicative procurement selection or classification between the integrated method and methods can be made. As the developed model only includes the variables that are significant in the environment of the research, once the variables in the developed model are known and input at the required level, the probabilities of selecting a procurement path can be determined. However, the experience and judgment of the user are not discounted. This is also in line with the reasoning of Jaselskis and Ashley (1991), in that even though the variables are significant from statistical inferences, they are not the only variables that can contribute to the likelihood of selecting a specified procurement method. It should also be recalled that the probability set for regarding a prediction or classification as a success is a value above 0.50. This is a statistical decision made by the researcher and set as the default value in the SPSS 14 software. The implication is that the variables in the developed model must be further examined and manipulated when desiring a particular level of success. However, other variables can still be examined in the process.

CONCLUSION AND RECOMMENDATIONS

In this study, data obtained for some selected projects have been used to develop a model for procurement selection between the integrated and traditional methods. A major research implication of the developed model is that procurement selection in the context of the two options is influenced by the need for a non-adversarial relationship, what is fashionable, commercial and investment considerations, and the enlightened self-interest of the organisation. In practice, these results also imply that procurement advisors or users should consider these variables and how these variables perform while advising on procurement selection between the two methods. Furthermore, with a combination of the appropriate variables, a case or project can be classified with respect to the possibility of selecting either the traditional and integrated procurement methods. The direction of influence of the need for a non-adversarial relationship on selecting the integrated or traditional methods requires further investigation. However, all of these recommendations apply to the procurement selection between the traditional and integrated methods. Further examination of ethical and cultural issues with respect to construction procurement in the research environment is recommended. A study of this nature could be undertaken in other developing countries with similar or dissimilar socio-economic conditions.
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Abstract: China’s economic growth heavily relies on fixed asset investment. Previous studies have demonstrated that GDP growth plays a key role in assessing Chinese local officials’ performance and enhancing their chances of political promotion. Thus, local officials have a strong motivation to boost the economy, which also impacts the property market. Based on this notion, the empirical results of this study indicate that public expenditure fluctuations and residential property price movements in Shanghai were positively co-integrated from 1992 to 2009, suggesting that increased public expenditure has reshaped Shanghai’s property cycle to have longer booms and shorter busts. The findings also shed light on the nature of property cycles in other large- and medium-sized Chinese cities and developing countries with rampant economic growth, low real interest rates and an increasing urban population.
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INTRODUCTION

Is Shanghai building a giant speculative property bubble? Fifteen years ago, approximately 40% of the residential and official buildings in Shanghai were vacant (Jackson, 1997). The factors driving the property boom included abundant foreign direct investment (FDI) and officials’ benefits from selling construction rights (Haila, 1999). Five years ago, Shanghai had a bubble that accounted for 22% of the property price (Hui and Shen, 2006). More recently, Shanghai had a residential property price overvaluation exceeding 30% of its equilibrium price, with an estimated vacancy rate of 50% (Ahuja et al., 2010). However, regardless of the warning signals, the “bubble” did not burst. Thus, the term “bubble” is cautiously used in official documents because a prolonged property boom cannot be referred to as a bubble unless it busts.

While it is difficult to gauge the existence of a bubble, previous studies have thoroughly documented macroeconomic variables as determinants of a property cycle, such as income (Dokko et al., 1999; Tse and Raftery, 1999; Bjorklund and Soderberg, 1999; Jud and Winkler, 2002; Andrew and Meen, 2003; Gallin, 2006), inflation (Titman, 1982; Gatzlaff, 1994; Anari and Kolari, 2002), bank lending (Davis and Zhu, 2004; Gerlach and Peng, 2005), and stock prices (Sagalyn, 1990; Wilson and Okunev, 1999; Brown and Liow, 2001). Housing-specific factors have also been discussed, such as the vacancy rate (Wheaton, 1990; Gordon, Mosbaugh and Canter, 1996; Barras, 2005) and construction lags (Grenadier, 1995; Mueller, 1995; Coleman and Gentile, 2001; Spiegel, 2001; Barras, 2005).

Although these studies provide some insights into China’s property cycle, the cycle’s mechanisms are still not fully understood because China’s housing market is frequently affected by the government (Han and Wang, 2003; Zhang, 2006; Li, Chiang and Choy, 2011). This paper thus takes into account another perspective to broaden the discussion and deepen the understanding of the cycle literature, using Shanghai as a case study. The research hypothesis is that the imperative of local officials to boost economic growth ultimately affects the property cycle through fixed asset investment in public facilities.

There are three advantages to using Shanghai as the target city for the cycle studies. First, Shanghai enjoys a higher economic autonomy than other cities due to its uniqueness and importance in China. Second, a nascent property market was established in Shanghai in the late 1980s, thus offering a longer time span for analysis compared to other cities. Third, Shanghai’s property sector experienced a dramatic boom in the early 1990s and was quickly cooled down by the tightening of bank loans in the mid-1990s (Haila, 1999). Since the late 1990s, the property sector has prospered. The study period is from 1991–2009, during which Shanghai has maintained rampant economic growth, low real interest rates and an increasing urban population.

The remainder of this paper is organised as follows: it begins with the research hypothesis on the interaction between public expenditures and the property cycle. Next, the methodology is explained, and the data are described. The empirical results are then presented, and the policy implications are discussed. Finally, conclusions are drawn.

RESEARCH HYPOTHESIS

The research hypothesis is based on the notion that Chinese local officials feel the need to ensure fast economic growth because it is the primary indicator by which their performance is evaluated and thus determines whether they are promoted in the political system (Blanchard and Shleifer, 2001; Li and Zhou, 2005). In the urban development context, local officials are inclined to increase the investment in public facilities to promote economic growth, which is their winning strategy for regional competition to attract foreign or cross-sector investment (Tao et al., 2010). Continuously increased public expenditure positively impacts the residential property market, thus inducing a prolonged property boom with only minor adjustments in residential property price. Figure 1 plots the co-movements of public expenditure and residential property price in Shanghai.

To further explore the interaction between public expenditures and the property cycle, three pre-conditions concerning the nature of the Chinese property market should be noted. First, the property sector has become a pillar industry and a driver of economic growth (Peng et al., 2008; Chen and Zhu, 2008). Second, increasing fiscal pressure has led to local officials’ short-sighted behaviour towards boosting economic growth in recent years (Chen, 2004; Tao and Yang, 2008). Third, most property-related taxes have remained at the local level (Li and Yi, 2007), and most land revenue has been kept for local usage (Tian and Ma, 2009). These facts indicate that local officials are in favour of property booms.

Although the literature has noted the positive effect of infrastructure spending on property price (Voith, 1991; Benjamin and Sirmans, 1996; Yang and Gakenheimer, 2007), it is not clear whether decreases in public expenditure would negatively impact property price. However, public facility construction likely has adverse effects on the housing environment, including noise or pollution, and thus undermines the value of housing. So far, the role of public expenditure on the property cycle has not been theoretically debated or empirically tested in the existing literature. This paper thus proposes the following Public Expenditure Hypothesis to fill in this gap:


Local government’s pursuit for higher economic growth leads to increased public expenditure, which ultimately results in longer property booms and shorter property busts in Shanghai.
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Figure 1. Residential Property Price and Public Expenditure in Shanghai

Source: Shanghai Statistical Yearbook (2010), Shanghai Real Estate Yearbook (2010)



This paper intends to test this hypothesis through the following three propositions:

Proposition 1: Public expenditure and property investment are positively correlated, indicating that Shanghai’s property boom is largely investment driven and is thus consistent with China’s current economic growth pattern, which relies largely on fixed asset investment.

Proposition 2: Property investment and property price are positively correlated, indicating that Shanghai has sufficient housing demand to absorb its housing supply and thus rendering expansions in both market volumes and prices.

Proposition 3: Public expenditure and property price are positively correlated, indicating that when low real interest rates, rampant business growth and the deepening urbanisation process contribute to sufficient housing demand, the property cycle depends largely on supply side factors such as governments’ public spending policies.

If public expenditure and property investment are positively correlated and property investment and property price are positively correlated, Propositions 1 and 2, respectively, will be validated. If both of these assumptions are confirmed, Proposition 3 will be tested for the interaction between public expenditure and property price.


METHODOLOGY AND DATA

This study adopts the co-integration approach to investigate the interaction between public expenditure and property price. If a set of variables is non-stationary but a linear combination of them is stationary, then these variables are said to be co-integrated (Engle and Granger, 1987). Specifically, if X and Y are non-stationary variables with integrations of one (meaning that the variables become stationary after the first differencing) and they are co-integrated [thus being CI (1) series], then there must exist a representation describing the long-run equilibrium dynamics. For example, consider an autoregressive distributed lag model with lagged items of X (t – 1) and Y (t – 1) [the ADL (1,1) model]. For brevity, the co-integration relationship can be expressed as follows:
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where μt ~i.i.d.(0,σ2). Taking the expected value of the above equation, we have
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Where K1 is the long-run multiplier of Xt on Yt.

There are two methods for identifying the co-integration relationship: a trace test and a maximum eigenvalue test. Both statistics have an asymptotic distribution, and their critical values are provided by Johansen and Juselius (1990). To capture the short-run dynamics, a number of lags are typically included for variables involved in the model selected by the Akaike Information Criterion (Akaike, 1974) or the Schwarz Criterion (Schwarz, 1978). The selection of lags is more appropriate for lower AIC and SC values.

Time series datasets are collected from two sources: the residential property price index and residential property investment, both of which are available from the Shanghai Real Estate Yearbook. Annual data on public expenditure and residential land sales are collected from the Shanghai Statistical Yearbook. Public expenditure refers to investment in power generation, transportation, post, communication, tap water, gas, parks, green areas, environmental sanitation, and administration of civil utilities. The datasets cover the period from 1991 to 2009.


Before processing the empirical tests, the time series properties of variables are confirmed. Both the augmented Dickey-Fuller test (1979) and the Phillips-Perron test (1988) are run to determine the stationarity of four variables: public expenditure (PE), property investment (INV), property price (HP), and land sale revenue (LR). The results are shown in Table 1.


Table 1. Unit Root Test



	Method
	INV
	PE
	HP
	LR



	Null Hypothesis: Contain a unit root (Level)



	ADF Test
	2.00 (0.99)
	1.90(0.98)
	0.29(0.76)
	0.46(0.80)



	PP Test
	1.64 (0.97)
	3.50(1.00)
	0.29(0.76)
	0.77(0.87)



	Null Hypothesis: Contain a unit root (1st Difference)



	ADF Test
	–3.07 (0.00)
	–1.82(0.07)
	–3.40(0.00)
	–7.40(0.00)



	PP Test
	–3.04 (0.00)
	–1.73(0.08)
	–3.41(0.00)
	–6.36(0.00)



Note: p-value is contained in brackets, following t-statistics for each variable. When p-value is higher than 0.10, the null hypothesis cannot be rejected, indicating the variable is not stationary. Test Equations do not include trend or intercept.

EMPIRICAL RESULTS

Because all of the variables in Table 1 are I(1) series, first-order differencing will be applied to obtain the stationary time series for an unrestricted co-integration model. The study period for co-integration analysis is 1992 to 2009.

Proposition 1

Table 2 shows the co-integration relationship between public expenditure and residential housing investment (1992–2009). The lag period is set at one, based on the AIC and SC criteria.


Table 2. Co-Integration Test for PE and INV (1992–2009)



	Unrestricted Cointegration Rank Test (Trace)



	Hypothesised CE(s)
	Eigenvalue
	Trace Statistic
	0.05 Critical Value
	Prob.**



	None *

	0.66

	28.77

	20.26

	0.0026




	At most 1

	0.21

	5.12

	9.16

	0.2709




	Unrestricted Cointegration Rank Test (Maximum Eigenvalue)



	Hypothesised CE(s)
	Eigenvalue
	Max-Eigen Statistic
	0.05 Critical Value
	Prob.**



	None *

	0.66

	23.65

	15.89

	0.0025




	At most 1

	0.21

	5.12

	9.16

	0.2709




Trace test indicates 1 cointegration at the 0.05 level. Max-eigenvalue test indicates 1 cointegration at the 0.05 level. *Denotes rejection of the hypothesis at the 0.05 level. **MacKinnon-Haug-Michelis (1999) p-values.
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Eq. 4 suggests that there is a long-term equilibrium between public expenditure and residential housing investment. Three observations emerge from the result.

First, public expenditure and residential housing investment move together. During the study period, residential investment in Shanghai reached its first peak in 1996. It declined for the next three years and then entered another boom after 2000. Meanwhile, public expenditure continued to increase until 1998, fell slightly between 1999 and 2000, and subsequently increased. Before the first booming phase (1993–1996), both residential investment and public expenditure grew moderately. While public expenditure increased drastically to 16.80 billion in 1993, residential investment followed by reaching 30.65 billion in 1994, indicating that the one-year lag effect of public expenditure has not only triggered but also magnified the first property boom (1993–1996) in Shanghai. Increased public expenditure also mediated the recession. Due to the Asian financial crisis, Shanghai’s residential investment began to decline in 1997. However, public expenditure continued to increase from 16.80 billion in 1993 to 53.14 billion in 1998. Thus, Shanghai’s property market quickly came to a low point in 1999 and revived from 2000 onwards.

Second, better infrastructure and the subsequent property boom caused the urban land market to soar. At the beginning of Shanghai’s property boom in 1993, land sales for property development increased by an astonishing 153.2% from 1992. This significant growth rate quickly caught the attention of the central government (Huang and Yang, 1996; Haila, 1999). Policy measures to curb land transactions were immediate and effective. Land sales by area in Shanghai dropped by 62.5% in 1994, and 45.4% in 1995, continuing to decline until 2000. However, it was not surprising that land sales faded ahead of property investment. The decline in land sales indicated that real estate developers anticipated a decrease in market demand; these real estate developers then chose to buy less land to safeguard against economic and political uncertainty, while on-going projects could not be easily deferred or cancelled.

Third, the government’s regulative policy on the property sector has been counteracted by increased public expenditure. After 2004, the central government imposed draconian administrative regulations and monetary policies to cool down escalating housing prices. The implemented measures included raising the interest rate and the bank reserve ratio, increasing taxes, restricting the construction period, preventing land hoarding, limiting foreign investment and providing more affordable housing. However, the rampant property market continued to prosper. A Shanghai housing affordability report shows that 54.1% of respondents spend 20%–50% of their monthly income on housing and 31.8% spent over 50%, which is much higher than the expected amount of 1/3 by the central bank in 20041. This property fever forced the central government to take further action, such as restricting second-hand housing transactions and implementing a minimum down payment requirement for self-use housing loans. However, residential housing prices continued to increase, indicating that regulative policies were mediated.


Proposition 2

There is a growing body of literature on the interaction between land sales and housing prices (Peng and Wheaton, 1994; Hui and Lui, 2002; Wu, 2007). Researchers agree that land sales and housing prices are positively correlated in the short term and negatively correlated in the long run. The theoretical explanation for this relationship is that in the short term, a property boom induces land supply, but in the long run, the market adjusts itself due to the increased supply and reaches a new equilibrium at a lower price level. To test whether land sales also affect housing investment, a co-integration test is carried out between land sale revenue in relation to real estate development and residential investment in Shanghai. The lag interval is set at one, according to the AIC and SC criteria. The test results are shown in Table 3.


Table 3. Co-Integration Test for LR and INV (1992–2009)



	Unrestricted Cointegration Rank Test (Trace)



	Hypothesised CE(s)
	Eigenvalue
	Trace Statistic
	0.05 Critical Value
	Prob.**



	None *

	0.83

	32.18

	20.26

	0.0007




	At most 1

	0.23

	4.18

	9.16

	0.3865




	Unrestricted Cointegration Rank Test (Maximum Eigenvalue)



	Hypothesised CE(s)
	Eigenvalue
	Max-Eigen Statistic
	0.05 Critical Value
	Prob.**



	None *

	0.83

	28.00

	15.89

	0.0004




	At most 1

	0.23

	4.18

	9.16

	0.3865




Trace test indicates 1 cointegration at the 0.05 level. Max-eigenvalue test indicates 1 cointegration at the 0.05 level. *Denotes rejection of the hypothesis at the 0.05 level. **MacKinnon-Haug-Michelis (1999) p-values.

The test results show that land sale revenue in relation to real estate development and residential investment are positively co-integrated according to the following equation:
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Intuitively, if residential investment (supply) increases, housing price (demand) will decline. Thus, residential investment and housing price are negatively correlated. However, there is still a possibility that real estate developers may choose to hoard undeveloped land so they can sell property at higher prices due to limited market supply. In that case, residential investment and housing price are positively correlated. The former situation is supported by classical theories in a perfectly efficient market, while the latter situation is supported by empirical evidence. To tests which opinion holds, Table 4 provides the co-integration analysis between property investment and property price.


Table 4. Co-Integration Test for INV and HP (1992–2009)



	Unrestricted Cointegration Rank Test (Trace)



	Hypothesised CE(s)
	Eigenvalue
	Trace Statistic
	0.05 Critical Value
	Prob.**



	None *

	0.62

	27.68

	20.26

	0.0039




	At most 1

	0.30

	7.57

	9.16

	0.0994




	Unrestricted Cointegration Rank Test (Maximum Eigenvalue)



	Hypothesised CE(s)
	Eigenvalue
	Max-Eigen Statistic
	0.05 Critical Value
	Prob.**



	None *

	0.62

	20.11

	15.89

	0.0102




	At most 1

	0.30

	7.57

	9.16

	0.0994




Trace test indicates 1 cointegration at the 0.05 level. Max-eigenvalue test indicates 1 cointegration at the 0.05 level. *Denotes rejection of the hypothesis at the 0.05 level. **MacKinnon-Haug-Michelis (1999) p-values.

The results in Table 4 show that residential investment and housing price are co-integrated according to the following equation:
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Eq. 6 indicates that land hoarding induces a positive correlation between property investment and property price. This argument is supported by the following examples. Document [214] (2008) of the People’s Bank of China requires that developers who hold land for more than two years no longer obtain any bank loans in the future. This regulation is designed to restrict land hoarding, as only 43% of the land acquired by 40 major real estate developers in 12 Chinese cities was sold between 2003 and 20082. In Shanghai, major real estate developers have intentionally increased their land reserve in recent years.3 Among them, Hejihuangpu, the Hong Kong giant under Mr Li-Ka Shing, who is the richest person in China, has enough land reserve available for a striking 19.5 years of development, as estimated based on its sale volume in 2008. China Wanke, the largest real estate enterprise in terms of market capitalisation in Mainland China, has 2,990 thousand square meters of land reserve, the highest among the remaining developers. Most of China Wanke’s land was acquired through bidding and auctioning between 2007 and 2008 at record high land prices.

Proposition 3

According to the AIC and SC criteria, the relationship between public expenditure and housing price is tested at 2 lags (Table 5).


Table 5. Co-Integration Test for PE and HP (1992–2009)



	Unrestricted Cointegration Rank Test (Trace)



	Hypothesised CE(s)
	Eigenvalue
	Trace Statistic
	0.05 Critical Value
	Prob.**



	None *

	0.74

	36.86

	20.26

	0.0001




	At most 1

	0.34

	8.81

	9.16

	0.0582




	Unrestricted Cointegration Rank Test (Maximum Eigenvalue)



	Hypothesised CE(s)
	Eigenvalue
	Max-Eigen Statistic
	0.05 Critical Value
	Prob.**



	None *

	0.74

	28.05

	15.89

	0.0004




	At most 1

	0.34

	8.81

	9.16

	0.0582




Trace test indicates 1 cointegration at the 0.05 level. Max-eigenvalue test indicates 1 cointegration at the 0.05 level. *Denotes rejection of the hypothesis at the 0.05 level. **MacKinnon-Haug-Michelis (1999) p-values.

The test results in Table 5 suggest that public expenditure and housing price are co-integrated at two lags according to Eq. 7.
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To demonstrate the relationship shown in Eq. 7, the impact of public expenditure on housing price is traced through historical changes that have taken place in Shanghai’s Eastern District (Pudong). Pudong was just one of the suburban areas of Shanghai before the 1990s, at which point Shanghai was well known for its Western District (Puxi). However, Pudong has experienced dramatic economic growth during the past two decades due to policy deregulation and increased fixed asset investment. In accordance with China’s “Five-Year Plan”,4 the analysis of Pudong’s case can be classified into the following three stages from the early 1990s onwards.

During the eighth “Five-Year Plan” between 1991 and 1995, infrastructure spending in Pudong reached its twin peaks in 1993 and 1994. The most influential infrastructure spending projects were part of the so-called “Seven Roads plus Three Bridges Plan” (qilusanqiao) in 1993 and the “Five Roads plus One Bridge Plan” (wuluyiqiao) in 1994. These transportation projects made Pudong and Puxi more connected, led a large number of enterprises to flock into Pudong between 1993 and 1994, including a good proportion of foreign investors (Pudong New Area Statistical Yearbook, 1995). Pudong was especially attractive to enterprises that wanted to climb further up the career ladder, and these enterprises induced the middle-income population to move from Puxi to Pudong. The larger population, increased income and enhanced surrounding all led to the property boom, causing the housing prices in Pudong to reach an initial peak in 1996.

During the 9th “Five-Year Plan” between 1996 and 2000, the most influential events that disturbed infrastructure investment in Pudong included the Asian financial crisis and the central government’s rigid regulation of the property sector. The market calmed down for fear that the deflationary pressure and uncertain policy changes could be detrimental to what would otherwise be profitable investment opportunities. Even the Shanghai government became more conservative. Between 1990 and 1995, public expenditure multiplied by 5.8 times, whereas in the 9th “Five-Year Plan”, public expenditure was only multiplied by 1.19 times from 1996 to 2000. In addition to this decrease in the rate at which public expenditure increased, housing prices declined between 1997 and 1999. However, there were still a number of infrastructure projects in Pudong, including the Pudong Airport, Underway Line 2, Century Venue, and Central Park. During this period, the most influential event occurred on 1 May 2000, when the Shanghai government abolished tunnel tolls from Puxi to Pudong. As expected, this waive quickly ended the property lull around 2000. This transportation enhancement immediately initiated another property boom in Shanghai that is still on-going.

During the 10th “Five-Year Plan” between 2001 and 2005, the Shanghai government continued the “Infrastructure First” development strategy in the Pudong District. The primary goal of this plan was to better manage and protect the Suzhou River, which is a major river across Shanghai. The Suzhou River was seriously contaminated by over-industrialisation during the early rise of the Pudong District. However, in the 10th “Five-Year Plan”, their riversides were assigned to provide “suitable residence for the increasing population in Shanghai”. The first stage of the “Suzhou River Renovation” began in 1999, when 7 billion (RMB) was invested to dredge the river courses. In 2003, the second stage added an additional 4 billion (RMB) to construct riverside landscapes. Frequent resettlements were performed to meet the goal. For example, 76% of resettlements in Pudong were related to the renovation plan in 2005. During this period, the housing price index in Pudong more than doubled from 1039 in 2000 to 2572 in 2005 (Pudong New Area Statistical Yearbook, 2006).

Summary of Results

The empirical results of the three propositions amend or respond to previous studies. Deng (2003) suggests that public land leasing helps include private firms in the local government’s alternative revenue sources but does not provide empirical evidence. The test result of Proposition 2 supports his conclusion with an empirical positive co-integration between land leasing revenue and property investment in Shanghai. Because land bidding and auctioning allow more private developers to participate in the process, the local government’s revenue increases and property development is encouraged. The results of Proposition 1 and Proposition 3 support the conclusion that infrastructure projects do not only serve as public goods; they also induce higher property investment and support local economic growth. This result corresponds with those of other studies (Demurger, 2001; Ding, 2003; Lichtenberg and Ding, 2008).

CONCLUSION

In a transitional economy, the state and the market play simultaneous roles in China’s economic development and property market development. While numerous studies have looked into the market forces impacting China’s property cycle, this study substantiates previous studies by exploring the impacts of planning forces. The results showed that local officials play a decisive role in shaping Shanghai’s property cycle into a pattern of longer booms and shorter busts by increased public expenditure.

Rampant economic growth, low real interest rates and a deepening urbanisation process have been prevalent in most major Chinese cities over the past two decades, apart from Shanghai. While strong economic growth provides local government officials higher fiscal revenue to invest in public facilities, low financing costs and a growing urban population contribute to the surging housing demand. Therefore, the research findings can be applied to other cities in China and shed light on the nature of China’s seemingly unrelenting property boom in recent years. For example, due to the “financial tsunami” triggered by the sub-prime property mortgage crisis in the US, China faced a great economic challenge in 2008. To overcome this difficulty and sustain economic growth, the central government announced a RMB 4-trillion (or USD 500-billion) stimulus package to increase government spending on 5 November, 2008.5 Approximately 40% of the expenditure (1.5 trillion) is earmarked for infrastructure spending. In line with the central government’s policy changes, the Shanghai government also authorised an additional investment of RMB 140 billion for transportation from 2009 to 2012.6 On average, an additional increase of 35 billion (RMB) is anticipated over the next four years. Thus, Shanghai’s housing price is expected to continue to increase in the near future. In fact, increased public expenditure has already had positive and long-lasting impacts on property prices in Shanghai and other cities, as indicated by the upward housing price indexes of 70 large- and medium-sized Chinese cities from 2010 to 2011 (National Bureau of Statistics of China, 2011).

The findings have international implications for other developing countries as well. Developing countries such as Brazil and India are simultaneously speeding up their public expenditure to support their economic development (World Bank, 2006; IMF, 2007). Investigating the relationship between public expenditure and property price in these developing countries will enhance the understanding of their property cycles’ mechanisms and provide policy implications for the governments when pursuing sustained yet balanced development strategies. For example, India is the second largest country in the world by aggregate population. Indian house prices have been rising rapidly since 2002 due to strong economic growth and quickened urbanisation. However, in Mumbai’s city centre, a housing bubble was encouraged by inadequate infrastructure, from 2008 to 2010 in particular7. Thus, a more adequate infrastructure spending plan would alleviate the problems of home ownership and housing affordability in India.

There are certain limitations of this research. The hypothesis and propositions are based on the assumptions of rampant economic growth, a low real interest rate and a deepening urbanisation process, which have been the cases in Shanghai and most other large- or medium-sized Chinese cities during the study period. However, these conditions may change in the future, in which case the findings would need to be re-examined. In addition, while co-integration is valid for investigating the interactions among endogenous variables, changes in exogenous variables, such as demographic, financial or economic factors, may affect the long-term relationships observed in the current co-integration equations. Future research will focus on two areas to address these limitations. First, a longer time series analysis will be carried out to determine whether the observed co-integration relationships remain valid. Second, with data from more cities, the panel data model will be used to examine whether the interactions between fluctuations in public expenditure and property price are still significant after controlling for these economic, demographic and financial fundamentals.


NOTES

1.   Price-to-income ratio is 12:1 in heated cities of real estate industry, China Youth Daily (Zhong guo qing nian bao), 14 August 2006.

2.   National Land Resource Bureau regulates land hoarding, Law and Regulation Daily (fazhiribao), 14 September 2009.

3.   Major developers hold land in Shanghai, Morning Oriental (dongfangzaobao), 7 May 2009.

4.   China’s “Five-Year Plan” refers to the development plan designed in one period of official’s positions because Chinese officials are reelected every five years. Dividing the property cycle and public expenditure interaction by the “Five-Year Plan” is most applicable for taking local officials’ incentives into consideration.

5.   Fiscal and financial policy changes: 4 trillion investment plan to stimulate domestic demand, Xinhua News Daily (xinhuaribao), 10 September 2008.

6.   140 billion investment for transportation, Morning Oriental (dongfangzaobao), 13 November 2008.

7.   India housing bubble trouble, Retrieved from: http://www.globalpropertyguide.com/Asia/India/Price-History.
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Abstract: Within quality management efforts, modern organisations pay more attention to improving the quality planning process. However, construction contractors in developing countries such as in Sri Lanka still lag in their practice of effective quality planning. Thus, the key research question of this study was “how do Sri Lankan construction contractors approach quality planning?” Within this question, the study’s primary objectives were to explore whether the Sri Lankan construction contractors practice quality planning effectively and the extent to which they are ready to implement strategic quality planning. The research method adopted for this study was qualitative and used three case studies representing three major contractors in Sri Lanka. The study revealed that ISO 9000 is the most popular quality management system practiced by Sri Lankan construction contractors. The contractors are not yet ready to implement strategic quality planning due to several barriers. Building on these case study findings, several prerequisites for the successful implementation of strategic quality planning are proposed that will be useful for contractors who operate in similar environments.
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INTRODUCTION

The construction industry is now a highly dynamic sector, and its operating environment, industry structures and product characteristics are changing at an ever-increasing pace (Dansoh, 2005). With the changing economic environment, managers of construction companies and projects look for emerging new construction management philosophies. Many organisations in various industries have turned to quality as a reliable management tool in the competitive market environment that leads to higher project performance. The construction industry is also moving towards higher quality, and contractors are forced to upgrade the quality of their services (Pheng and Hong, 2005). Dina, Abd-Hamida and Brydeb (2010) reveal how quality systems in construction lead to project performance as well as financial and organisation performance. Barrett (2000) emphasises that a combination of sound formal systems and strong relationships is essential to achieve high quality in the project environment of construction, both within companies and across the supply network.

According to Barrett (2000), in the construction industry, quality can be considered as the satisfaction of an entire range of performance criteria owned by an interacting host of stakeholders and mediated by a range of mechanisms, including regulation and market forces. Arditi and Gunaydin (1997) describe the stakeholders related to quality in the construction industry as designers, constructors, regulatory agencies and the owners. Yasamis, Arditi and Mohammadi (2002) discuss quality in construction at the corporate and project levels. At the corporate level, the authors argue that construction companies should design and deliver quality management based on the company’s core values. Project-level quality in construction is derived by the customer’s satisfaction with the constructed facility and the contracting service. Considering these two levels, this study focuses on quality in construction at the corporate level.

Beecroft (1999) emphasises that quality, like any other dimension of business, must be strategically managed at the corporate level. Many quality improvement efforts focus solely on quality improvement tools and the methodology for improving specific processes; however, these efforts often ignore their impact on the overall business. Srinidhi (1998) described that many firms practicing independently sound management methods to implement higher quality fail because these methods are either not aligned with the firm’s strategy or not properly coordinated with each other. Therefore, the studies establish that effective quality management cannot be practiced in isolation from other initiatives or the overall strategy of the firm.

Madu and Kuei (1993) and Tummala and Tang (1996) have identified that strategic quality management as a comprehensive and strategic framework linking profitability, business objectives and competitiveness to quality improvement efforts will allow the delivery of customer satisfaction. Thus, strategic quality planning (SQP) is attained when strategic planning and quality planning are merged into one seamless process resulting from the free flow of information between strategic planners and quality planners (Calingo, 1996). Although SQP seems to be naturally linked to success, the concept of SQP is still being developed in the construction industry. Nevertheless, SQP will likely gain greater awareness in the future and will be targeted by an increasing number of professionals and contracting firms (Pheng and Hong, 2005). Thus, construction contractors need to be ready for and aware of effective quality planning processes such as SQP. Accordingly, the primary objectives of this study were to explore whether the Sri Lankan construction contractors are practicing quality planning effectively and the extent to which they are ready to implement strategic quality planning. Drawing from the study’s literature review, the next section describes the quality planning process.

QUALITY PLANNING PROCESS

Many organisations currently invest in quality improvement programmes. However, the literature has revealed that many companies felt that the quality improvement programmes had fallen short of their expectations and that these programmes were not generating the anticipated improvements (Lam, 1997). The key reason for this gap between quality improvement expectations and the realisation of benefits is the absence of an effective quality planning process before its implementation (Juran and Godfrey, 2000). Thus, quality planning is identified as the most significant phase in a corporate quality management process requiring more attention.

Quality planning is a disciplined process to ensure that a structured sequence of activities is completed. These activities will ensure that an organisation can provide a quality product on time, at the lowest cost and to the customer’s specific specifications. Juran (1988) sees quality planning as part of the quality trilogy of quality planning, control and improvement. According to Juran’s quality planning road map, the key elements of implementing company-wide strategic quality planning are identifying the customers and their needs, establishing optimal quality goals, creating measurements of quality, planning processes capable of meeting quality goals under operating conditions and producing continuing results in an improved market share.

Many other quality planning methodologies have been developed. In particular, the quality planning process is emphasised in quality management approaches, such as total quality management (TQM) and the International Standardisation of Organisations (ISO). However, Srinidhi (1998) argued that many firms that independently practice various quality management methods fail because these methods are not aligned with the strategic planning of the organisation. According to Ford and Evans (2000), the initial emphasis of strategic quality planning on planning for quality through projects resembled the approach of Juran (1988). Leonard and McAdam (2002) further emphasise that organisations need to integrate quality planning and strategic planning to avoid conflict between the two plans because the quality plan will likely to lose out and could result in several disruptive effects, such as a further emphasis on quality measurements, tension between financial and quality goals and non-involvement of employees and customers in strategic planning (Farhan, 1999). Thus, the current research on quality planning highlights the importance of strategic quality planning.

The construction industry is viewed as industry with a poor emphasis on quality compared to other sectors, such as the manufacturing and service sectors. In addition to criticisms of the final product, the industry’s processes, people and materials are under tremendous pressure to provide a higher quality of construction, as described in the previous section. Despite the perceived importance of the topic and the value of the quality planning process, very little empirical research has been undertaken on quality planning, and the SQP process in particular, in the construction sector (Lam, 1997). Studies that directly focus on the quality planning process of Sri Lankan contractors were not found. An undergraduate study by Kumara (1997) has explored the suitability of ISO for Sri Lankan contractors, but information on current practices is still unavailable. This research gap triggered this study, and the next section sets forth the research method adopted for the empirical investigation.

RESEARCH METHOD

This study’s research problem prompted a qualitative research study. Qualitative approaches are essentially descriptive and inferential, focusing primarily on the type of evidence (what people tell you, what they do) that will enable an understanding of the current situation. This study considered qualitative research approaches based on the nature of the research problem. In particular, this research adopted the case study research approach. According to Yin (1994), a case study offers an in-depth investigation into a contemporary phenomenon in its real-life setting, wherein the boundaries between phenomenon and context are not clearly evident.


A pilot study was first conducted to fully develop the research problem and data collection instruments before conducting the detailed case studies. In the pilot study, data were collected by unstructured interviews with five key people that had knowledge of construction quality management. These people consisted of a project manager, a quality assurance manager, a manager on human resources and skill development, and two general managers from two private quality consultant organisations. The pilot study was focused on identifying the context of the research problem to develop the interview guidelines and select theoretically significant cases.

Accordingly, three large-scale contracting organisations were selected for the detailed case studies. The organisations were selected based on the recommendation of the pilot study interviewees such that compared to other contracting organisations, these three contractors implement quality management at a satisfactory level. Furthermore, the selected organisations successfully practice both quality and strategic planning processes successfully, which is necessary to reach the study’s second objective, namely to explore the possibilities of integrating the two processes through strategic quality planning. See Table 1 for a brief description of the cases.


Table 1. Brief Description of the Selected Cases



	Project
	Organisation A
	Organisation B
	Organisation C



	Number of years in the field
	66 years
	24 years
	28 years



	Annual turnover (Sri Lankan Rupees)
	One billion
	Seven billion
	Five billion



	Specialisation areas
	Buildings and civil construction.
	Buildings and all civil construction.
	Buildings and civil construction.



	Number of employees
	400 staff and labourers are on sub contract basis
	500 staff and labourers are on sub contract basis
	400 staff and 300 direct labourers and others are on sub contract basis.



	Number of ongoing projects
	seven projects
	20–35 projects
	eight projects



In the case studies, semi-structured interviews were used as the main data collection method by targeting key personnel from each construction organisation, such as quality assurance managers, chief executive officers and general managers. See Table 2 for the interview sample.


Table 2. Interview Sample



	Organisation
	Interviewees
	Abbreviated to



	A
	A1 – Senior manager – Technical services
	Senior manager



	A2 – Senior Engineer – procurement and contract monitoring
	Senior engineer



	A3 – Quality assurance officer
	QAO



	B
	B1 – Deputy general manager construction
	DGM



	B2 – Quality assurance manager
	QAM



	B3 – Deputy manager estimating
	DME



	C
	C1 – Chief executive officer
	CEO



	C2 – Quality assurance manager
	QAM



	C3 – Divisional head internal and local building projects
	Divisional head



In the data analysis process, a content analysis was first used to analyse the data (see an example coding structure in Figure 1). Computer-aided qualitative data analysis was used to support this coding process.
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Figure 1. An Example Coding Structure for Strategic Quality Planning



Next, the cognitive mapping technique was used to display the data and to obtain a holistic view of the data (a cognitive map is offered in Figure 3). The next section presents the key research findings.

RESEARCH FINDINGS

In this section, the key findings found through the cross-case analysis are presented under two sub-sections: current quality planning practice and the scope of strategic quality planning.


Current Practice of Quality Planning in Construction Organisations

According to the data from the case studies, all three of the organisations were practicing the ISO quality management system with slight variations and additions (see Table 3).


Table 3. Quality Systems Practiced in Construction Organisations



	Organisation
	Quality Systems



	A
	ISO 9000: 2001, 5S at head office



	B
	ISO 9000: 2001, 5S at head office and sites, quality circles



	C
	ISO 9000: 2000, 5S at head office and sites, quality circles



Some reasons for the popularity of the ISO quality management system in the construction sector were identified through the case studies. For example, the main reason for its popularity is the regulation made by the Institute for Construction Training and Development (ICTAD), which is the main body in Sri Lanka that registers and grades construction contractors. According to the ICTAD, having an ISO certification is a mandatory requirement. Other reasons for which the ISO quality management system is popular were mentioned by the senior engineer of organisation A: “a major advantage is we can easily adopt the ISO quality management system according to our requirements. It is more flexible than other quality management systems. In ISO, the main principle is we write what we do and we do what is written. Therefore, it is easy to control the system from top to bottom”. These reasons were further strengthened by the CEO of organisation C: “(ISO) gives a broader picture. For example, when we take six sigma, it is focused on productivity improvement. But in ISO, it does not look at the quality of the output; it improves the process of quality management. When you improve the process, it automatically improves the quality of the output”. Apart from these reasons, the majority of interviewees agreed that the ISO certification has a good reputation within society. Therefore, most of the clients are now willing to award their contract to ISO-certified contractors. In general, the above factors are the reasons for which the ISO quality management system is popular among most of the contractors in Sri Lanka. Furthermore, the contractors used tools such as 5S and quality circles to improve quality within their organisations.

Because the three case studies adopted a similar quality management system, a common quality planning process could be identified across the three cases. This generic quality planning process is illustrated in Figure 2.
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Figure 2. Generic Quality Planning Process Practiced by the Case Study Organisations



As shown in Figure 2, all three of the organisations have developed a quality policy for their organisations. The DGM of organisation C explained their quality policy as follows: “we are dedicated to providing quality products and services satisfying the needs and expectations of each customer with a creative, self-motivated and dedicated team, united under a rewarding and healthy environment, ensuring continual improvement with a view of establishing a lasting social and environmental sustainability”. Organisation A has developed quality policies for their ready-mix concrete as well as their aggregate production and asphalt concrete plants in addition to their corporate quality policy.

Next, as shown in Figure 2, all of the organisations have developed a quality manual based on their quality policy and company requirements. Quality objectives or goals have been developed for each department and construction project based on the quality policy, the quality manual and the requirements of the organisation. According to organisation A, the quality goals of the quantity surveying division are to increase the rate of bidding certification, while those of the human resource and development division are to ensure accident-free work sites and to reduce company turn over and the utility cost of the organisation. The quality goals of the finance and accounts division are related to time payments to customers and reducing customer complaints.

The project quality plan is developed according to the quality manual and policy (see Figure 2). Each project consists of quality objectives. The quality assurance department then analyses the progress of each department. The results of the progress analysis are presented during the management review meetings, and feedback is given to the managers of each department and project. The results and feedback of the internal and external audits also help to develop the quality planning process through corrective and preventive actions.

Within this generic quality planning process, data were collected to explore how formal or informal key aspects of the quality planning process are adopted within each case. Table 4 offers a summary of these findings as disclosed by each respondent.

These findings illustrate that the quality planning process practised within the case study organisations is a flexible, regular-scheduled, process-emphasised process with a significant amount of documentation (see Table 4). The progress reviews of the quality planning process are conducted at the scheduled time periods. For example, organisation B conducts internal and external audits every three and six months, respectively. Organisation C conducts management review meetings at the end of every month and internal and external audits every six months. The interviewees explained that there could be progress reviews when the top management makes a special request. Because these progress reviews are scheduled on a regular basis, the time limit of these reviews is strict, and a specific time period is allocated to conduct the progress reviews. The quality assurance manager and his staff typically prepare the progress review report, and this report is often formally presented to the management and staff through the management review meetings and audits. Finally, the progress is presented through presentations and reports using facts and figures. In organisation A, the quality assurance manager, department heads and other key decision makers are the parties involved in developing the quality goals and procedures for each department or construction project.


Table 4. Formality of Quality Planning Process
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Most of the interviewees revealed that there is a significant amount of documentation to be followed in the current practice of quality planning. They insisted that it is the most difficult part of quality planning, as there is a significant amount of documentation to be maintained throughout the process. Furthermore, the discussions about quality planning are typically open dialogues, and therefore, anyone in the organisation can present their views on the quality planning process and its results. At the end of the each quality planning progress review, decisions regarding the next stage must be made to minimise faults and improve good actions. The emphasis on the planning process rather than its results was the most significant aspect of the ISO quality management system adopted by these organisations.

Scope of Strategic Quality Planning in Construction Organisations

In this section, the scope of strategic quality planning and its issues are discussed using the cognitive map provided in Figure 3.

All of the interviewees agreed that there is a relationship between quality and strategic planning. According to the opinion of the QAM of organisation B, “both strategic and quality planning focus on setting long-term and short-term objectives and specifying the necessary operational processes and related resources to fulfil those objectives. Therefore, both planning processes consider the future of the organisation”.


[image: art]

Figure 3. Cognitive Map for Strategic Quality Planning



The senior manager of technical services for organisation C explained situations in which quality and strategic planning clash because they are not integrated. According to this interviewee, “for example, to improve the delivery of ready-mix concrete, we need two more concrete mixtures, but the management is not willing to allocate capital for it under the current economic conditions, so there is a conflict between quality plan and the strategic plan. In this situation, we have to plan according to what we receive based on the strategic plan, but we cannot sacrifice the quality, and if the quality plan is going to fail, we cannot be in business anymore”. This indicates that the separation between the quality and strategic planning processes can create tension between the financial and quality goals. Further, the DGM of organisation B noted that, “although we take many efforts to improve the organisation, sometimes, these efforts will end up without expected results. The reason for this is there is no customer-focused vision, and quality objectives are not integrated into the company’s strategic plan”. He further emphasised that to avoid such conflicts, the organisation must have a quality-centred vision.

According to the senior manager of organisation A, “quality planning should be integrated into the strategic plan. In our strategic plan, we decide to improve the quality up to some required level. It is a strategic decision related to quality. We decide how to improve or carryout our work according to the quality policy at the strategic planning stage. From the strategic plan, we transfer those objectives to the functional plans and finally transfer them to the operational plans, which are carried out at the project level”. He further explained, “we have not developed the quality plan as a strategic quality plan, but knowingly or unknowingly, we have integrated quality into our strategic plan. Therefore, the concept of strategic quality planning is embedded in our organisation, but we have not reached up to the level to develop the quality plan as a strategic quality plan in a more effective manner”.

A similar statement was given by the divisional head of organisation C: “I think to become a successful contractor, a quality plan must be integrated into the strategic plan. Quality must guide the strategic planning process. Though we have not developed a strategic quality plan, our vision is based on quality. For example, our vision is ‘we are committed to provide a quality service at an affordable price and affordable time’.”

The views of the case study participants denote that these contractors are aware of the benefits of strategic quality planning and that they have already set the foundation of this concept in their planning approach. However, they have not proceeded further due to several barriers, which are discussed below.

Several barriers were identified through case studies that obstruct the development of a strategic quality plan in the construction organisations of Sri Lanka. Most of the interviewees agreed that the main barrier is the difficulty in developing a long-term quality plan. According to the opinion of the senior engineer of organisation A, “we developed a quality plan annually and set targets or quality goals to achieve within a one-year period. In construction, the production is unique and project-based. Therefore, it is difficult to develop a long-term quality plan by considering all of the projects of an organisation”. This was further explained by the CEO of organisation C. According to his view, the strategic quality planning concept is more suitable to the manufacturing industry rather than construction industry because in construction, the environmental conditions, market conditions and product characteristics differ from project to project. Thus, the temporary nature and dynamic environment of the construction industry are major barriers to developing a strategic quality plan.

Another barrier is the economic conditions in the country and worldwide. As explained by the senior manager of organisation A, “the current economic conditions in the country and in the world in general have serious impacts on the construction industry. Many changes are happening in the world market, and massive contracting companies go bankrupt due to the financial crisis all over the world. Even we have fewer projects in hand, and we are facing severe financial difficulties to maintain our staff and organisation. So in a situation like this, it is difficult to predict the future and develop a strategic plan for the next three to five years”. Most of the interviewees agreed with this fact and emphasised that they can develop effective plans if the economic environment is supportive.

Another barrier to introducing strategic quality planning is the lack of consideration of quality when selecting contractors for a project. For example, according to the explanation of the senior engineer of organisation A, “in the manufacturing industry, people buy products mainly based on the quality of the product. But in construction, most of the time, customers select the producer or contractor according to the price. Clients are always willing to award the contract with the lowest contract sum. The consideration of the quality of the contractor comes after the cost of the project, so we do not feel that there is a significant necessity to develop a long-term quality plan or strategic quality plan. After all, planning comes at a cost.”

In summary, the case studies revealed that most of the managers do not recognise strategic quality planning as essential. They further disclosed that the quality systems that they currently practice are sufficient to compete in the local construction industry. Therefore, there is a significant reluctance to change from the current practice because they believe that such planning will incur more time and cost. Other barriers identified through this study are the lack of commitment of upper management, the lack of communication between the parties and the absence of a corporate quality culture in the organisation. The next section offers the key conclusions of this study.

CONCLUSION

The aim of this study was to explore the ways in which Sri Lankan construction contractors approach quality planning. The study was conducted using three case studies of main contractors in Sri Lanka.

The research findings revealed that the Sri Lankan construction organisations used in the case studies were poorly exposed to different quality approaches. ISO was the most widely practiced quality management system in the Sri Lankan construction organisations. Most of the organisations were aware of the concept of strategic quality planning. While they believed in a quality-centred strategic plan, none of the organisations have developed a strategic quality plan. The findings indicated several barriers for strategic quality planning, including a lack of corporate quality culture and the complexity in developing a long-term quality plan. The case studies also showed that most of the organisations are reluctant to change from their current practice because clients are not driving a quality-based contractor selection process. The empirical findings showed that the economic crisis further distracts from the development of a strategic quality plan. In summary, the findings concluded that Sri Lankan contracting organisations are not ready for strategic quality planning yet.

Building on the findings of this study, the following conclusions can be made for the construction industry. The research findings revealed that most of the major Sri Lankan contractors were practising ISO. The common quality planning process identified across the case studies will be useful for other contracting organisations, especially the lower graded contractors who do not have any quality system in practice. However, even the major contractors mainly succeed in the local market. They could fail when competing with foreign construction organisations, which practice the latest quality management and planning approaches. Therefore, it is important to conduct training programmes to improve the knowledge of Sri Lankan contractors in these areas and adopt quality planning approaches that are practicable and attractive enough to compete in wider markets. The concept of strategic quality planning must be further researched, and a process that suits the construction industry while overcoming the identified barriers should be developed to achieve better results on quality investments.
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