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Abstract: Poor quality, safety and environmental (QSE) performance within Ghana’s road sector has been cited as a major challenge in the procurement of infrastructure. This study evaluates the applicability and level of integrated consideration of QSE in the delivery of roads through procurement by public sector agencies in Ghana. Integrated delivery is explored on the basis of theoretical and empirical evidence of an existing synergistic relationship among QSE in the management and delivery of projects. A mixed methodological design was adopted to investigate two public road agencies through a questionnaire survey and interviews of technical staff with procurement responsibilities. This was done concurrently with soliciting professional perspectives on the subject. Procurement is widely regarded as paramount to the delivery of better QSE in the Ghana road sector. However, the level of synergistic consideration is low, which is attributable to an over-reliance on traditional procurement arrangements as a result of non-supportive local procurement regulatory frameworks. It is further established that a general lack of know-how and experience in the use of modern and integrated procurement arrangements prevent effective management and realisation of QSE beyond the current focus on time and cost through procurement processes within public road sector agencies.
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INTRODUCTION

Increased expectation from the construction industry on delivery of “value for money” has resulted in customers placing emphasis on the delivery of quality products in a safe and environmentally friendly manner (Kumaraswamy et al., 2004). Procurement and its strategic use by clients is regarded as one of the most critical functions capable of influencing project delivery outcomes (Eriksson and Westerberg, 2011). This is particularly important in a developing country context where wider regulatory environments are often weak and lack effectiveness (Agaba and Shipman, 2007; Wells and Hawkins, 2011). According to Anvuur, Kumaraswamy and Male (2006), however, legislative reforms in the Ghanaian public procurement process over the past decade have not achieved significant objectives beyond fiscal and legal regulation. The overall attainment of value through procurement has still not been achieved because of lack of strategy and innovation in the use of procurement systems. Kumaraswamy et al. (2004) suggests that the development of procurement strategies should be effectively “synergised” within other operational project systems such as quality, safety and environment in order to leverage the improved delivery of value, transcending the traditional focus on cost and timely delivery.


Integrated management of quality, safety and environment (QSE) has received tremendous attention in academic discourse as a result of the recognition of similarities in their respective management systems as well as operational requirements (Bhutto, Griffith and Stephenson, 2004; Griffith, 2011). Few studies have, however, explored the role of procurement as a framework for achieving such integrated delivery of QSE (Shen and Walker, 2001). This necessitates systematic research, particularly in the Ghanaian road sector, where delivery of quality, safety and environment is greatly challenged (Netherlands Economic Institute, 2000; World Bank, 2008). The road subsector is a major constituent of the Ghanaian construction industry. Making any improvement in road construction would be a significant achievement in Ghana’s quest for attainment of enhanced value within an industry greatly challenged in the efficient procurement of projects, as well as delivery of quality, safety and better environmental performance.

Integrated delivery is explored to establish the applicability of synergistic approaches to QSE management in a procurement, client and developing country context. The extent of the use of procurement and organisational capabilities are subsequently assessed based on road sector expert opinion with a view toward ascertaining its role in improving delivery of QSE in a developing country context.

Ghana Road Sector Procurement and the Delivery of QSE

The road sector is regarded as central to socioeconomic development in developing countries. Ghana spends up to 1.5% of Gross Domestic Product (GDP) on road construction and maintenance, one of the highest in West Africa (Foster and Pushak, 2011). It has, over the years, been the highest beneficiary of international investment from various donor partners, including the World Bank, the European Union, and the African Development Bank (Netherlands Economic Institute, 2000). Roads in Ghana facilitate up to 90% of passenger and freight movement (Netherlands Economic Institute, 2000). The road mix condition is remarkable for a developing country but still falls short of requirements of a middle income country. This underscores the need for more efficient delivery of road infrastructure considering the levels of investment within the sector (Foster and Pushak, 2011). Various programmes, including the Road Sector Development Programme (RSDP) and the Transport Sector Programme (TSP) continue to deliver roads to cover Ghana’s road deficit (Netherlands Economic Institute, 2000; Government of Ghana, 2007). Delivery is, however, still characterised by poor quality and a lack of effective incorporation of measures to improve safety and environmental performance (Government of Ghana, 2007). This has been partly attributed to a general lack of compete and capacity (technical and human resource) within both client and contractor organisations (Westring, 1997; Government of Ghana, 2007; World Bank, 2008).

The road sector has undergone institutional reforms that have resulted in the creation of public agencies specifically for the delivery and maintenance of roads (World Bank, 1999). The Ministry of Roads and Highways (MRH) has the overall responsibility for the road subsector and delivers this through implementing agencies: the Ghana Highway Authority (GHA); the Department of Feeder Roads (DFR); and the Department of Urban Roads (DUR). The GHA operates as an autonomous state institution, while the DUR and DFR are functional departments under the MRH (Acquah and Acquah, 2004). These agencies are responsible for the procurement of road infrastructure right from identification of need, through construction to operation and maintenance (Netherlands Economic Institute, 2000). They are tasked to provide comprehensive delivery and maintenance to required international standards, which makes QSE a key part of their delivery objectives (Acquah and Acquah, 2004). These include option appraisals and financial feasibility studies to decide on issues including prioritisation of routes; financial and economic appraisals; environmental appraisals; design; tendering and selection; supervision; operation and maintenance; and decommissioning (Acquah and Acquah, 2004). Technical duties within the stages of procurement are performed either by in-house staff or by consultants, who are competitively selected (Acquah and Acquah, 2004). Decisions and systems in all these key processes influence project delivery outcomes and are considered very important in the Ghana Road Sector, where poor management of some of these processes has led to poor road quality, safety and environment issues (Netherlands Economic Institute, 2000; Office of Auditor General, 2010).

While fiscal management, accountability and stakeholder engagement have generally been adhered to (Acquah and Acquah, 2004), quality, safety and environment issues are less often incorporated within the procurement as critical criteria due to overemphasis on lowest tender and other cost considerations (World Bank, 2008). According to Chileshe and Berko (2010), best practice developments within the industry, notably partnering, risk management, value engineering and total quality management (TQM), are neither practiced nor effectively implemented within the road sector agencies. These, however, remain key ingredients in modern project delivery strategies as well as in QSE management (Shen and Walker, 2001; Kumaraswamy et al., 2004).

Quality and Ghana road sector procurement

The delivery of poor quality has been a serious challenge in Ghanaian construction (Westring, 1997). World Bank and the Government of Ghana evaluations of the RSDP revealed that poor quality of workmanship and delivery had characterised most road projects inspected by the MRH monitoring teams (Government of Ghana, 2007; World Bank, 2008), citing issues such as technical incapacity and poor materials as contributory factors. According to Ahiaga-Dagbui et al. (2011), challenges in funding affect contractors’ cash flow and equipment capacity, which subsequently result in poor quality of work within Ghanaian construction. It, however, remains unclear what role procurement can play in mitigating these challenges in the road sector.

Safety and Ghana road sector procurement

The industrial fatality rate in Ghana is estimated at 18.2 per 100,000 persons (Hämäläinen, Saarela and Takala, 2009) compared to the rate in the UK at 0.6 per 100,000 persons (Health and Safety Executive [HSE], 2011). Labour-intensive methods of production dominate Ghanaian construction and pose serious occupational health challenges (Kheni, 2008; Ofori, 2012). Occupational health and safety in Ghana has worsened over the years with statistics indicating increases in accidents as high as 250% between 2004 and 2009 (Akomah, Nimo-Boakye and Fugar, 2010). For the purposes of this study, safety is broadened to include road user safety, which remains an important aspect of the road sector, especially in Ghana, where an estimated 1.6% of GDP is lost due to road-related accident fatalities (1600 fatalities per annum) (Office of Auditor General, 2010). Technical factors, such as design, maintenance and quality of building, have been cited as major contributory factors to the Ghanaian road safety situation (World Bank, 1999; Office of Auditor General, 2010). Ghana lacks a strong institutional regulator like the UK’s Health and Safety Executive and mainly relies on disjointed regulation of both road user and occupational safety from different under-resourced Government agencies (Laryea and Mensah, 2010; Office of Auditor General, 2010). Despite evidence that procurement has a critical influence on improving safety in developing countries, this has not been explored in the Ghanaian context.

Environment and Ghana road sector procurement

Excessive use of natural resources, such as construction materials, coupled with low technology application poses serious environmental challenges that require attention in overall planning and delivery of infrastructure in Ghana (Ayarkwa, 2010; Ofori, 2012). Destruction of ecosystems, erosion, and pollution are a few of the environmental effects of road construction activities in Ghana (Andoh, 2000). The conduct of Environmental Impact Assessment (EIA) and the overall management of the environmental aspects of road infrastructure delivery is, however, challenging due to inadequate funding and lack of technical know-how and guidance (World Bank, 2008). According to Agyemang (2012), the environmental impact of construction in Ghana is often viewed as an inescapable consequence of an urgent need for infrastructure development. This is similar to the challenges in other developing countries where such development goals take priority over environmental protection (Trethanya and Perera, 2009). This has also resulted in a lack of systematic efforts towards improvement, including incorporation of best practices in relation to management through the procurement processes within public agencies.

BACKGROUND DEVELOPMENTS IN ROAD SECTOR PROCUREMENT

Procurement has been transformed. Lowest-cost consideration has given way to greater demand for value, including increased customer satisfaction and sustainability (Fewings, 2013). The highway sector has been dominated by traditional (separated) procurement arrangements across the world, both in developed and developing countries (Pakkala, 2002). These rely on separate organisations for design, construction and supervision, where tendering is usually based on unit pricing of predetermined quantities by the client (Altaminaro, 2010). More “innovative” or “progressive” methods are gaining popularity (Pakkala, 2002: 45), mainly consisting of integrated, management oriented, partnering or discretionary methods, as categorised by Masterman (1992) in his assessment of modern procurement delivery methods. The integrated arrangements include design-build (DB) and its variants that allow integration of design, construction and sometimes operation (Build-Operate-Transfer [BOT]; Build-Own-Operate-Transfer [BOOT], and Build-Own-Operate [BOO]). Other arrangements that involve public and private sector collaboration in delivery and finance options, generally referred to as public private partnerships (PPP), include Design-Build-Finance-Operate (DBFO) and Private Finance Initiative (PFI) (Altaminaro, 2010). Currently, these new forms (innovative) of procurement are being extensively used in the road sector with experts arguing for their efficacy in overall attainment of value and invariably better performance in terms of issues including quality, safety and environment (Pakkala, 2002). Contemporary expectations of the construction procurement require procurement frameworks, which seek to develop trust- and relationship-based interaction with contractors on a long-term basis (McDermott, Khalfan and Swan, 2004). It is highly recommended that more innovative supplier selection be adopted to encourage mechanisms that promote multi-parameter considerations in procurement strategies, where issues such as QSE can be considered to be as important as other objectives, such as cost (Pakkala, 2002; Cui et al., 2004; Stankevich, Qureshi and Queiroz, 2005). In addition to incorporating the best practice principles in sustainability, TQM and value engineering, many leading highway agencies have reported better delivery of QSE through adoption of the above considerations (Cui et al., 2004).

EFFECT OF PROCUREMENT ON PROJECT DELIVERY OUTCOMES

It is widely accepted that procurement type or management is an influencing factor in delivering QSE on projects (Masterman, 1992; Eriksson and Westerberg, 2011). Variables including level of interaction between teams, communication, collaboration, leadership and trust are increasingly being recognised as determinants of project performance and similarly found to be stimulated to varying degrees by various forms or features of procurement (Kumaraswamy, 1999; McDermott, Khalfan and Swan, 2004; Fewings, 2013). According to Eriksson and Westerberg (2011), the delivery of better performance (cost, time, quality, environmental impact, safety, and innovation) is highly dependent on procurement type and the extent to which it engenders co-operation (joint specification, soft parameters in bid evaluation, joint subcontractor selection, incentive-based payment and collaborative tools). Table 1 shows key procurement features that promote project success in terms of QSE. The table is presented with support from the literature.

The above evidence has aroused a general acceptance of the superiority of forms that foster seamless process interfacing, which improves interaction and eliminates fussy project boundaries that in turn create communication and efficiency barriers (Fewings, 2013). This includes consideration of design and construction as an integral whole, which can be mainly achieved through adoption of innovation procurement and the improvement of interaction, collaboration and communication. These provide the necessary atmosphere for successful delivery, including better QSE outcomes (Eriksson and Westerberg, 2011). Fernie, Weller and Green (2004) suggest that these new forms provide a context for the evolution of other managerial practices. Such practices include the management of QSE in the delivery process, either through the structural support it provides for QSE integration (Shen and Walker, 2001; Fewings, 2013) or as a motivational capability for improved QSE performance (Eriksson and Westerberg, 2011).


Table 1. Procurement Features and Project Success in Terms of QSE (Adapted from Eriksson and Westerberg, 2011)



	Procurement Features Which Promote Successful Project Delivery in Terms of:
	Quality

	Safety

	Environment




	Design stage: Higher level of integration between client and contractors
	Warsame (2011)
	Sulaiman (2008); Smallwood (1998)
	Arts, Faith-Ell and Chisholm (2007)
Faith-Ell (2005)



	Tendering: More focus on soft parameters in bid evaluation and selection criteria
	Stankevich, Qureshi and Queiroz (2005); Yasamis, Arditi and Mohammadi (2002)
	Teo, Ling and Chong (2005); Smallwood (1998)
	Eriksson and Westerberg (2011)



	Payment: More use of incentive based payment
	Stankevich, Qureshi and Queiroz (2005)
	Eriksson and Westerberg (2011); Stankevich, Qureshi and Queiroz (2005)
	Eriksson and Westerberg (2011)



	Collaboration: More use of collaborative tools
	Warsame (2011)
	Sulaiman (2008)
	Arts and Faith-Ell (2010); Arts, Faith-Ell and Chisholm (2007)



	Evaluation of performance: Reliance on contractor self-control measures
	Stankevich, Qureshi and Queiroz (2005)
	Stankevich, Qureshi and Queiroz (2005)
	Eriksson and Westerberg (2011)




Quality and Developments in Procurement

Quality within construction is often defined as conformance to requirements (Arditi and Gunaydin, 1997). More recently, quality has been conceptualised as the totality of factors that contribute towards a more holistic satisfaction of the need for a product or service (Battikha, 2003). Resultantly, there is more emphasis on issues such as client satisfaction, sustainability and relational approaches to contracting within quality management (Toakley and Marosszeky, 2003; Warsame, 2011). While quality within the highway sector has generally followed the earlier definition, there is an emerging acceptance of the latter definition, which engenders a more holistic quality management approach (Toakley and Marosszeky, 2003). Traditionally, most quality control requirements are strictly monitored by the owner or his representative in the road sector (Warsame, 2011; Kraft and Molenaar, 2012). Recent project delivery methods, however, lend themselves to different quality control systems that emphasise other subjective issues and more contractor-led quality management (Battikha, 2003; Kraft and Molenaar, 2012). This view, however, requires some form of motivation and incentive to deliver quality as opposed to the traditional focus on compliance and penal measures (Warsame, 2011). Non-traditional procurement such as relational and collaborative approaches have been identified as providing a good atmosphere for modern quality management (Warsame, 2011; Kraft and Molenaar, 2012). For instance, a contractor who jointly owns a facility being delivered through a PPP has an incentive to produce a better quality product to reduce operational cost and achieve better returns on investment.

Safety and Developments in Procurement

Rwelamila and Smallwood (1999) suggest inappropriate selection of procurement systems adversely affects health and safety on projects. Best value considerations are generally favoured as more capable of delivering on Health and Safety (H&S) within the procurement of roads, as opposed to the traditional focus on lower cost and overreliance on mechanistic adherence to rules and regulations, such as contracts and specifications (Smallwood, 1998). Sulaiman (2008) recommended integrated procurement as a result of its structural support and inclination towards more cooperation and integration between project actors. Early involvement of the supply chain through integrated procurement promotes more holistic risk appraisals that result in eliminating potentially hazardous project features in the early stages and is recommended by UK’s HSE (Fewings, 2013). Primary requirements for enhanced safety performance through procurement include client leadership, team integration, collaboration and incentives (Teo, Ling and Chong, 2005; Sulaiman, 2008). According to Wells and Hawkins (2011), procurement is the single most influential tool for improving these requirements for effective safety management in the developing country context where little external regulatory support often exists.

Environment and Developments in Procurement

Construction of roads may appreciably damage ecosystems and environments with adverse effect on the local people and other users of built roads (Faith-Ell, 2005). Environmental Assessment (EA) and EIA have become commonplace in the delivery of road infrastructure, being a prerequisite in some circumstances to gain permission and approvals at various stages of the procurement process (Arts, Faith-Ell and Chisholm, 2007; Trethanya and Perera, 2009). A major challenge, however, has been the effective integration of the processes within the various phases to ensure the effective flow of information required for decision-making, which is often hindered by communication bottlenecks (Faith-Ell, 2005; Varnäs, 2008; Faith-Ell and Arts, 2009). Trethanya and Perera (2009) advocate contextual application of local environmental requirements on project based management systems in a developing country context. Significant provision has been made within procurement strategies, especially within standard forms of contract, specifications and standards (Arts and Faith-Ell, 2010). According to Faith-Ell, Balfors and Folkeson (2006), communication within the supply chain is the key challenge to the effective application of environmental requirements in road projects. Institutions involved in the development of infrastructure are therefore increasingly resorting to procurement as an instrument to improve performance (Faith-Ell and Arts, 2009). Eriksson and Westerberg (2011) assert that environmental performance is enhanced by co-operative procurement strategies that effectively solve such problems as communication challenges through more integrated approaches to delivery. This is validated by Faith-Ell and Arts (2009), who specifically advocate the use of integrated procurement to enhance more effective applications of tools such as EIA. To this end they recommend PPP’s and overall integrated approaches where issues such as quality and safety are leveraged on sound sustainability principles.

THE INTEGRATION OF QSE IN PROJECT DELIVERY

High level synergistic relations have been found between management systems for QSE in construction (Griffith, 2011). The greatest synergy has been at the operational level, where integration of Quality Management Systems (QMS), Environmental Management Systems (EMS) and Safety Management Systems (SMS) have yielded positive results supported by many case studies (Bhutto, Griffith and Stephenson, 2004; Bernardo et al., 2009). Structural similarities and overlaps exist within each QSE domain, including the fact that they revolve around effective planning, monitoring, control through standards (ISO 9000, ISO 14001 and ISO 18001) and practices (Simon and Douglas, 2013). Supported by case study evidence, QSE has successfully been integrated in contractor organisations and yielded noticeable benefits (Shen and Walker, 2001), such integration being within “the organisational structure, resources and procedures used to plan, monitor and control project quality, safety and environment” in an integrated fashion in order to achieve synergy (Griffith, 1999: 233). According to Shen and Walker (2001), EMS and SMS are subsets of an effective QMS and must be integrated as a logical extension of TQM to effectively realise the benefits of their synergistic capabilities.

The following represent the core principles of integrated approaches to QSE delivery and are synonymous with integrated project delivery philosophies such as concurrent engineering and integrated project delivery (IPD) as highlighted by Bhutto, Griffith and Stephenson (2004) and Griffith (2011): (1) team integration and empowerment (use of cross-functional teams, departments and professionals within organisations and projects), (2) process Integration within a process-based philosophy (process improvement through elimination, lean approach to phasing of core processes), (3) leadership and commitment, (4) use of technology to enhance the process of design, processing and production (e.g., Computer Aided Design [CAD], the use of computers systems to aid a more efficient design process; Building Information Modelling [BIM], the use of Information Communication Technology (ICT) for virtual collaboration and information sharing), (5) use of tools for optimisation of outcomes (e.g., Quality Function Deployment [QFD], a tool used to convert stakeholder requirements into technical project features), (6) effective communication and coordination and (7) development of common protocols and standards.

The key benefits of integration of QSE systems on construction projects as presented in Shen and Walker (2001), Griffith (2011) and Simon and Douglas (2013) include the following: (1) avoidance of duplication from multiple individual systems, (2) elimination of the overlap of effort, (3) reduction in the fuzzy management boundaries between individual systems, (4) broadening of the horizon beyond the functional level of any individual system, (5) enhancement of sharing of information across traditional organisational boundaries and (6) streamlining of paperwork and communications.

From the above, modern expectations on QSE revolve around similar issues as those for procurement, such as the need for early consideration, and better communication and interaction between teams and key project processes. Modern approaches to procurement were confirmed to be most influential in delivery of better outcomes through an integrated approach (Shen and Walker, 2001; Sulaiman, 2008; Faith-Ell and Arts, 2009; Warsame, 2011). There is a high level of overlap in the major and modern tools (and their variants) used in influencing QSE in the project delivery process including: QFD, EIA, Design Quality Indicators (DQI) and Safety Auditing and Engineering which can be used as vehicles for enhanced QSE within the procurement function (Griffith, 2011). Shen and Walker (2001) also demonstrated the feasibility of integrating QSE within modern road procurement project structures where benefits including time performance were noticeable. Other studies have established location as an influencing factor on benefits derived from integrated management delivery (Simon and Douglas, 2013). These studies have, however, been conducted in a developed rather than a developing country context. This study is aimed at assessing and demonstrating if similar benefits, if any, could be realised in the developing country scenario.

METHODOLOGY

Based on pragmatic philosophical assumptions, a mixed method approach was adopted to explore integrated delivery of QSE in the Ghanaian road sector. Pragmatism as an approach works in between the interpretive and positivist paradigms; it is even more appropriate for this study, which is pinned on both interpretive (qualitative) and positivist (quantitative) tenets. A questionnaire survey (quantitative) was used to aid elicitation and quantitative inference from professional opinion on the feasibility, status and level of integration in the approach to delivery of QSE through procurement. Qualitative interviews were used to provide deeper insight and contextualised explanation of the findings across two public organisations.

Sampling and Data Collection

As cited by Denscombe (2007), decisions on sampling can be precise when based on familiarity and good judgment. Consequently, appropriate respondents were chosen based on those who have direct procurement and QSE responsibilities. The determination of an appropriate sample size was through the Kish formula (Kish, 1965), which was adjusted for non-responses on the basis of response rate from similar research within the same institutions (Chileshe and Berko, 2010). Data collection was limited to two out of the three main public road agencies. Structural and organisational similarities between two ministerial departments (DFR and DUR), however, led to selection of one DUR in addition to the other, which is an autonomous state agency (GHA).

A survey instrument was designed to solicit the respondent’s individual perspectives on the following: the existence of synergy, level of synergistic consideration, feasibility of an integrated approach through procurement and preferred approaches to integration. In view of the importance of the professional opinion of staff within the agencies, a questionnaire survey was adopted to aid wide coverage of the sample population. This consisted of professionals with direct procurement responsibilities within the selected road agencies.

Fifty-eight questionnaires were subsequently distributed across the GHA (31) and DUR (27) resulting in 56% and 78% response rates, respectively, and an overall 66% response rate. The minimum qualification held by respondents was a bachelor’s degree (approximately 66%) with 34% holding a master’s degree. Overall, 39% of the respondents had between 11 to 15 years of experience while 21% had more than 15 years of experience in the road sector. The sample was composed of civil engineers (55%), quantity surveyors (39%) and geodetic engineers (5%). This is indicative of a significantly suitable calibre of respondents, a good indicator of internal validity (Oppenheim, 1992).

Respondents for interviews

Senior management members within the sample population were contacted as part of the questionnaire distribution to ascertain their willingness to grant interviews. This was viewed as critical to aid deeper exploration of emerging issues due to the likelihood of such persons being strategically adept as a result of their occupation of decision making positions in relation to project delivery. Consequently, three management level staffs were interviewed to complement the data and clarify findings from the questionnaire survey. They consisted of a contracts manager (quantity surveyor) with 15 years of experience from the DUR, and a regional director and a maintenance manager, civil engineers with 16 and 11 years of experience, respectively, from the GHA.

Data Analysis

The analysis of data was performed with the aid of IBM SPSS version 19 and Microsoft Excel (2007) data processing software. Frequencies and percentages were used to aid the descriptive presentation of the results in tables, charts and graphs.

Mean Scores (MS) were computed to aid the descriptive presentation of responses from ordinal data as well as to aid the comparison, ranking and further testing for agreement and variations. MS was used based on the formula adopted in Henjewele, Sun and Fewings (2011) in their study on critical parameters influencing value for money variations in PFI projects in the healthcare and transport sectors in the UK. Mean Scores (MS) were computed per the Equation 1:

[image: art]

where, P = rating point at i (1≤,i,≥5) and

Ri% = percentage response at rating point i.

The Relative Importance Index (RII) was used to convert ordinal data into measurable figures to aid ranking and descriptive presentation. The formula adopted for computation was based on Babatunde, Opawole and Ujaddughe (2010) and is presented in Equation 2:
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where, Ni = the number of respondents choosing rating point Ki, i(1≤,i,≥5),

Ki = rating points (1 to 5) on Likert scale,

N = the total number of responses for variable and

Rh = the highest value in ranking order (5).

Friedman’s Test has been used in this study to ascertain the existence of similarities in the following: levels of consideration of QSE in the key procurement stages, the methods used in influencing QSE and organisational competence and capacity for delivering QSE during procurement. Spearman’s rank correlation coefficient was used to measure agreement between the two organisations (GHA and DUR) on key issues to determine any peculiarities to each particular organisation.

Telephone Interviews lasting an average of 30 minutes were conducted to solicit data based on a protocol consisting of open-ended questions. These were recorded, transcribed and coded manually through identification of themes from the research objectives for effective comparison and analysis.

FINDINGS AND DISCUSSION

Questionnaire Survey Findings

Most respondents (71%) were of the opinion that integrated consideration of QSE during procurement will result in better delivery. As indicated in Figure 1, most respondents alluded to the existence of similarities, mostly in organisational structures (58%), procedures adopted (56%), standards and guidance documents used and human resources required (49%) for its delivery during procurement. However, 45% of the respondents cited the existence of significant similarities between safety and environmental aspects only with respect to external legal and regulatory environment, with 43% agreeing to the existence of such similarity in the logistic resource requirements.

Findings indicated a greater focus on the delivery of quality through procurement processes (Table 2). Monitoring during construction was the most used (with MS = 4.42). Specification and standards (with the following MS: Q = 4.32, S = 3.89 and E = 3.45) and conditions of contract (MS: Q = 4.16, S = 3.95 and E = 3.61) were also rated as moderately used. The use of project specific requirements (MS: Q = 3.58, S = 3.24 and E = 2.95) was generally low, indicating that most of the other processes may be fairly standardised across projects (for example, conditions of contract in standard forms of contracts). These findings indicate significant consideration is given to QSE variables at the construction stage as opposed to the front end procurement stages. This is evidenced in slightly lower MS for the use of brief statements (MS: Q = 3.08, S = 2.61 and E = 2.63) and feasibility and option appraisal (MS: Q = 3.87, S = 3.39 and E = 3.03).
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Figure  1. Respondents’ Assessment of Areas of Similarity in the Current Delivery of QSE through Procurement



The statistically significant Friedman’s test (p < 0.05) indicates the existence of significant differences in the extent of use of the outlined processes in delivery of QSE individually. This is indicative of both lack of synergistic consideration currently as well as possible significant variations in the approach and levels of attention paid to QSE through procurement functions.

Respondents were generally of the opinion that their organisations possessed superior capacity in delivery of quality than safety and environment as shown in Table 3. Human resource (MS of 4.21), general know-how (MS = 4.13), clear policies and guidance (MS = 3.95) were rated highest among quality variables. Funding availability (with MS = 3.24) was rated as the least area of capacity in terms of delivering quality. Human resource (MS = 3.32), supporting organisational structures (MS = 3.11) and clear policies and guidance (MS = 3.05) were the highest in the Safety category with legal regulatory environment being the lowest rated variable (MS = 2.24). In the environment category, human resource (MS = 3.05) and general know-how (MS = 2.76) were the highest ratings, with the least being adequate logistics and equipment (MS of 2.26).

A statistically significant Friedman’s test (p-values 0.001[p < 0.05]) indicates significant distributions of the three scores (QSE) and is indicative of significantly varying levels of competence and capacity in managing QSE within both organisations.

Respondents’ views on some key procurement related factors that have been identified as being capable of enhancing delivery of QSE were assessed. Out of 12 factors identified in the literature, four were categorised as the more traditional approach while the other eight factors were categorised as modern and more related to best practice. This was to ascertain overall agreement and inclination of respondents towards either traditional or modern approaches for effective QSE delivery.

Respondents were generally inclined towards traditional approaches to the delivery of QSE in procurement as presented in Table 4. An average MS of 3.96, interpreted as “Agree“, represented traditional approach while MS of 3.35, interpreted as neutral (Neither agree nor disagree), represented modern procurement approaches. “Strict agency or consultant led monitoring of conformance to QSE requirements” was the highest ranking factor (MS = 4.18). “Reliance on contractors self-control” was however the lowest ranking factor (MS = 2.45). Spearman’s coefficient (rho = 0.842**) 0.001 (p < 0.01**) are statistically significant, which is indicative of a strong positive correlation (agreement) between DUR and GHA respondents on their ratings.


Table 2. Extent of Use of Key Procurement Processes in Influencing QSE

Mean Scores (MS) for Processes Used in Influencing Delivery of QSE
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	Q (MS)

	S (MS)

	E (MS)




	Your brief statement
	3.08

	2.61

	2.63




	Type of procurement method used
	3.68

	3.11

	3.08




	Feasibility and option appraisal
	3.87

	3.39

	3.03




	Detail design (including auditing and reviews)
	3.89

	3.29

	2.89




	Tendering and selection (criteria)
	4.13

	3.39

	3.11




	Conditions of contract
	4.16

	3.95

	3.61




	Specifications and standards
	4.32

	3.89

	3.45




	Monitoring and evaluation during construction (eg., quality)
	4.42

	3.11

	2.87




	Monitoring and evaluation during operation of facility
	3.58

	3.39

	2.82




	*Project specific requirements
	3.58

	3.24

	2.95




	Friedman’s Tests Scores: N = 10; Chi-sq. = 18.200; df = 2; Sig: 0.000




Notes: *NB requirements used only in specific projects other than generalised and standard requirements used for all projects (where, 1 = Not used; 2 = Slightly extensive; 3 = Somewhat extensive; 4 = Moderately extensive; 5 = Extremely extensive on scale)


Table 3. Respondents Assessment of Organisations Competence and Capacity

Mean Scores (MS) for Competence and Capacity Assessment
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	Q (MS)

	S (MS)

	E (MS)




	Human resources and availability of skills
	4.21

	3.32

	3.05




	Supporting organisational structure
	3.79

	3.11

	2.68




	Adequate logistics and equipment
	3.76

	2.61

	2.26




	General know-how and experience
	4.13

	3.05

	2.76




	Leadership and motivation
	3.37

	2.61

	2.34




	Clear policy and guidance
	3.95

	3.26

	2.55




	Available technology
	3.82

	2.79

	2.45




	Funding and available finance
	3.24

	2.63

	2.42




	Legal environment
	3.5

	2.42

	2.66




	Friedman’s Tests: N = 9; Chi-sq. = 14.889; df = 2; Sig: 0.001




Notes: Where, 1 = Poor; 2 = Fair; 3 = Good; 4 = Very good; 5 = Excellent on scale


Table 4. Respondents Agreement on Procurement Related Factors Capable of Delivery of Better QSE



	Rank
	MS

	Procurement Related Factors that Enhance QSE

	Individual Organisational Breakdown




	
Factor Category

	
GHA

	
DUR




	
MS

	
Rank

	
MS

	
Rank




	1

	4.18

	Strict agency/consultant led monitoring of conformance to QSE requirements
	TAF (1)

	4.29

	1

	4.10

	2




	2

	4.16

	Greater communication
	MAF (1)

	3.94

	5

	4.33

	1




	3

	4.11

	Specific guidance and instructions on how to achieve QSE outcome
	TAF (2)

	4.12

	3

	4.10

	2




	4

	4.05

	Greater teamwork
	MAF (2)

	4.29

	1

	3.86

	4




	5

	3.95

	Strict use of standards and specifications
	TAF (3)

	4.06

	4

	3.86

	5




	6

	3.61

	Legal binding performance requirements for QSE
	TAF (4)

	3.94

	5

	3.33

	6




	7

	3.39

	Contractor and supplier selection must not be based on cost but other assessments including the ability to deliver on QSE
	MAF (3)

	3.76

	7

	3.10

	7




	8

	3.34

	Early contractor and supplier involvement in the procurement process
	MAF (4)

	3.65

	9

	3.10

	8




	9

	3.26

	Consideration of whole life or long term project/facility performance from onset
	MAF (5)

	3.76

	7

	2.86

	10




	10

	3.24

	Long term relationships with contractors and suppliers
	MAF (6)

	3.47

	10

	3.05

	9




	11

	2.92

	Incentive to promote innovative solutions
	MAF (7)

	3.47

	10

	2.48

	12




	12

	2.45

	Reliance on contractors self-control of QSE performance outcomes
	MAF (8)

	2.24

	12

	2.62

	11




	Average MS for Two Categories of Factors



	1

	3.96

	All traditional approach related factors
	TAF
(1 to 4)

	4.10

	1

	3.85

	1




	2

	3.35

	All modern approach related factors
	MAF
(1 to 8)

	3.57

	2

	3.17

	2





Notes: Test of Agreement: N = 12; Spearman’s rho = 0.842**; Sig: 0.001**. Correlation is significant at the 0.01 level (2-tailed).

Identified methodologies for the integrated delivery of QSE were ranked by respondents in terms of their view on its effectiveness during procurement and are presented in Table 5. The use of integrated teams was ranked highest (RII 0.78), while integrated delivery through integrating key phases such as design and construction (RII 0.62) and merging of departments and teams (RII 0.61) were rated as less effective.

The Spearman Coefficients of (0.321) and 0.483 (p < 0.05) are significant and are indicative of disagreement between the two road agencies being surveyed. The most apparent disagreement in Table 5 was on the variable use of tools and procedures to aid optimisation of delivery outcomes, which was ranked 1st and 7th by GHA and DUR respondents, respectively.


Table 5. Respondents Preferred Approach to Integration



	Overall

	Respondents Preferred Approach to Integration

	Individual Organisational Breakdown




	
	
	GHA

	DUR




	RII

	Rank

	RII

	Rank

	RII

	Rank




	0.78

	1

	Use of integrated project teams
	0.76

	1

	0.79

	1




	0.76

	2

	Adoption of common protocols and guidance for procedures (eg., ISO Standards)
	0.72

	3

	0.79

	1




	0.73

	3

	Enhanced communication through deployment of IT
	0.67

	4

	0.77

	3




	0.72

	4

	Use of tools and procedures to aid optimisation of delivery outcomes (eg., QFD and Design Quality Indicators)
	0.76

	1

	0.68

	7




	0.68

	5

	Use of technology aided design, construction and simulation methods for integration (eg., CAD)
	0.61

	5

	0.73

	4




	0.62

	6

	Integrating planning, design and construction phases of project (eg., using design-build etc.)
	0.48

	6

	0.73

	4




	0.61

	7

	Merging departments and teams (using cross functional departments for QSE)
	0.47

	7

	0.71

	6





Findings from Interviews

The three interviewees are, respectively, identified as ITW1 (DUR), ITW2 and ITW3 (GHA). All interviews were conducted in confidentiality, and names of interviewees are withheld by mutual agreement. QSE management, in general, is client-led with extensive use of standard specifications and conditions of contract as some of the key tools (ITW1, 2012; ITW2, 2012; ITW3, 2012). Monitoring and supervision during the construction stage is considered the most effective way of monitoring quality (ITW1, 2012; ITW2, 2012). Insufficient capacity (human resource and logistics) in the road agencies, however, hamper effective monitoring and management of QSE issues, a situation made worse by an assertion that safety and environmental issues are often regarded as less important (ITW1, 2012).

Interviewees generally disagreed on procurement or organisational structures that promote process interfacing (such as merging functions or major procurement phases as reiterated in quotes):


I don’t believe design build can improve safety or quality or the environment… (ITW2, 2012)



ITW3 (2012) however, believed that appropriate levels of team interaction have often delivered some efficiencies in their management of QSE during procurement as presented in quote:


… so when we talk about merging quality control with safety and environment then you are talking about bringing about efficiency … but to merge alone doesn’t necessarily bring efficiency … what happens is that when there is procurement, and there is always a coordinating team with experts on all these issues, and they look at issues from an integral point of view, that brings about efficiency… (ITW3, 2012)



Some efforts are being made to increase the uptake of integrated procurement forms, especially through PPP. Interest in these forms of procurement is, however, due to financial imperatives as a solution to acute lack of funding availability for infrastructure development rather than its overall ability to deliver on other strategic and operational delivery objectives such as QSE. Interviewees also assert that the greatest challenge in adoption of integrated and modern procurement forms is non-supportive local procurement laws and legislation (ITW1, 2012; ITW2, 2012; ITW3, 2012).


There is a lot of interest in private partnerships currently, we have a few projects on the drawing board, which will be PPP, but the focus is more on the finance though … but it will definitely deliver better quality and environment and safety… (ITW2, 2012)



Discussion of Findings

The findings indicate the existence of synergies between QSE’s functional and management requirements from a procurement perspective. Hitherto most of the reported synergies have mainly been reported in the construction and contractors’ operations aspects of projects (Bhutto, Griffith and Stephenson, 2004; Shen and Walker, 2001; Griffith, 2011). A generally low level of synergistic consideration within the sector is, however, attributable to the extensive reliance on traditional procurement methods, which is regarded as incapable of providing the required atmosphere for an integrated approach to QSE delivery and similarly highlighted by Shen and Walker (2001) in their assessment of an infrastructure project case study. Significantly varying levels of capacity and competence in the respective QSE areas could also be attributed to lack of current synergistic consideration (Bhutto, Griffith and Stephenson, 2004). Perceived higher levels of consideration; use of procurement functions; capacity; and competence in quality, however, validates a general assertion of the lack of importance placed on safety and the environment as key project delivery objectives. This is also in agreement with World Bank (2008) assertions in an evaluation of the Ghana road sector. Furthermore, it reflects observations by Kheni (2008) of poor consideration for safety and Ayarkwa (2010) for environment generally in Ghana. The situation is, however, not different from Trethanya and Perera’s (2009) observation that, in developing countries, wider development objectives take precedence over the quest for such issues as environmental stewardship. This, however, represents an opportunity for increasing internal capacity within the public road sector agencies in safety and environment as a result of the general acceptance that principles for their management emanate from quality management (Arditi and Gunaydin, 1997; Rwelamila and Smallwood, 1999; Shen and Walker, 2001; Griffith, 2011).


Theoretical appreciation of the benefits of integration exists; however, a general lack of experience in the use of modern delivery methods limits road sector professionals’ recognition of the principal strategic objectives of an integrated approach. Despite an overall acceptance that integration (especially team integration) will deliver, findings indicate a lack of acceptance of process integration and interfacing such as merging construction phases through procurement forms such as DB or merging key organisational departments. However, one of the most important advantages of such process integration is the creation of the necessary interaction and communication between teams, which is invariably consistent with the primary objective of team integration (Fewings, 2013). Contemporary views of requirements for QSE delivery as well as its integration are contingent on such principles as communication, cooperation, interactivity and coupling (Bhutto, Griffith and Stephenson, 2004; Eriksson and Westerberg, 2011). This lack of knowledge on a modern view of procurement and QSE delivery is also evident in the respondents’ higher rating of traditional procurement-related factors as better in contributing to enhanced QSE delivery. Knowledge and appreciation of the interrelatedness of both process and people (team) level integration as well as procurement’s evolution towards a more strategic function is important, if it is to be used as a lever for innovative incorporation of operational requirements for QSE delivery (Kumaraswamy et al., 2004; Eriksson and Westerberg, 2011).

As similarly noted by previous studies (Ofori, 1992; Kumaraswamy et al., 2004), it is inferred from the findings that QSE is not as highly regarded a project objective as issues such as cost and does not place QSE on the right pedestal to be leveraged through procurement functions. Such awareness and recognition will, however, be vital, especially in view of the road sectors current evolution towards integrated and modern forms (e.g., PPP’s). In addition to advocacy for integrated approaches to procurement for enhanced QSE delivery, it is generally recognised as an effective way for the general improvement of construction procurement in developing countries where traditional approaches have been criticised as a cause of underperformance (Kumaraswamy, 2006; Ofori, 2006). A case can also be made for the applicability of procurement as a strategic function for achieving wider project objectives, particularly in other African countries where the state of development in public sector procurement is similar to the Ghanaian situation.

CONCLUSION

This study evaluated the delivery of QSE in the procurement of road infrastructure in Ghana. It examined the use of modern procurement strategies and practices to promote integrated QSE delivery in view of existing synergistic potentials reported in previous studies.

While it is demonstrated that integrated approaches to delivery of QSE are feasible and capable of leveraging procurements’ performance-enhancing capabilities, the overall use of integrated procurement to achieve this will be challenging in the developing country context due to funding and inadequacies in legislative frameworks governing procurement. Current levels of synergistic consideration of QSE during procurement are low despite acceptance of the existence of such synergies. Technical inexperience and knowledge gaps in the use of modern procurement methods is also evidenced as one of the greatest inhibitors towards the road sector’s bid to adopt a more integrated approach to delivery of QSE during procurement. While the current ethos for adoption of PPP may be primarily to solve funding problems, it will be vital for a deeper recognition of its capabilities in delivering value and other performance objectives. This will aid strategic incorporation of requisite systems, to aid both technical and managerial competence; conducive project and organisational structures; and motivation and incentives for better QSE delivery for which procurement functions will be used as a leveraging framework.

It is recommended that appropriate technical assistance and technology transfer be sought in the areas of sustainability, TQM and value engineering as part of sourcing for international funding and other forms of assistance for road projects. This should be focused towards the development of in-house procurement delivery strategies or a framework to aid management of procurement. In view of the similarities in the areas of logistics and general resource requirement, it is recommended that an integrated management system approach be devised within public sector agencies specifically for QSE management and monitoring, mainly in the front-end procurement processes.
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Abstract: This paper explores the application of supply chain management (SCM) in the Indian construction industry. The authors studied the SCM practices followed in flyover projects and compared them with the seamless SCM model for construction proposed by a previous study. A case study approach was followed for the research work. Structured interviews were conducted to understand the SCM practices in flyover projects in India. The developed model advocates leading roles for client and strategic needs analysis and value management study that are missing in the studied projects. All of the projects studied faced cost and time overruns. The seamless SCM model may be extended to developing countries by incorporating requirements related to the long-term relationship between project agents and, if possible, by suggesting that clients should not select agents using only the minimal cost criteria. The extended model also proposes SCM training for all project agents before the start of the project. Strategic needs analysis and value management study should be an integral part of the construction project to improve project efficiency. Implementing the seamless SCM model calls for the early involvement (i.e., at the project design stage) of all project agents. Project sponsors can apply the findings of this study to manage time and cost overruns.
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INTRODUCTION

Construction projects are unique in nature and are characterised by one-time activity. Such projects are conducted by numerous agents and specialists. Most of the agents involved in these projects lack overall project insight; therefore, each agent assumes primary responsibility for their own work. The agents hired by clients for construction projects are designers (e.g., architects and structural designers), main contractors, sub-contractors, suppliers, or project management consultants/third-party consultants. Therefore, to manage the supply chain of construction projects, synchronisation of the activities of different agents and effective coordination between agents is vital. Effective management of the supply chain helps projects be completed successfully. The construction industry has recognised the importance of supply chain management (SCM) in improving the performance of projects, but the research in this area is still relatively immature (Briscoe and Dainty 2005; O’Brian et al., 2009; Saad, Jones and James, 2002).

The separation of the design and production processes in projects has been widely criticised over the last 50 years (e.g., Simon Report, 1944; Banwell, 1964; Latham, 1994; Egan, 1998). The case for the increased use of partnering in the construction supply network was made by both Latham (1994) and Egan (1998). One report (Egan, 1998) suggested that the construction supply chain has a critical role in driving innovation and sustaining incremental improvements in the sector’s performance. To achieve ambitious performance targets, the report further recommended the adoption of methods that the manufacturing sector has successfully used, such as partnering, using integrated production teams and continually monitoring performance. The report also mentioned that although the industry is fragmented, longer-term relationships, such as those observed in the manufacturing sector, are possible because the main contractor may tend to use similar trade contractors on a repeating basis. Such methods are currently being showcased through the “Movement for Innovations” initiative, where substantial improvements are observed in terms of cost reduction, quality, work environment, relationships, productivity, margins, cash flow, planning for future workloads and image (Building Down Barriers, 1999; Hayward, 1999; Mylius, 1999; Whitelaw, 1999). These successes have provided a benchmark of best practices, particularly for upstream supply chain partnering between contracting companies and client organisations.

According to Vollman, Cordon and Raabe (1998), the construction SCM should be considered an integrated set of practices aimed at managing and coordinating the entire chain, from raw materials to end customers. Barker, Hong-Minh and Naim (2000) advocated for the construction industry to encourage collaboration and embrace SCM to effectively manage construction projects. We define the supply chain in the context of construction projects as a set of activities that range from the project need analysis to the successful commissioning or handing over of the project to the client. The set of activities that occur between these endpoints includes project design (i.e., architectural and structural design) and construction through main contractors and sub-contractors. The material suppliers and suppliers of other supporting services, such as electrical or mechanical works, are also part of the supply chain.

The Construction Industry Development Agency, CIDA (1994) and Department of Industry Science and Tourism, DIST (1998) reports on Australian industry suggest that projects in the Australian construction industry are continually plagued by time and cost overruns, quality deviations and poor health and safety conditions. The Australian Procurement and Construction Council (1997) and Department of Industry Science and Resources, DISR (1999) reports suggest a lack of coordination and communication between participants, strained contractual relationships, lack of a customer-supplier focus, price-based selection and ineffective use of technology. Love and Sohal (2002) revealed that inadequate management practices have contributed to unnecessary costs, wasted time, increased errors, and misunderstandings between design consultants and contractors. Ultimately, these management practices result in conflict, reworking, and in some instances, litigation. Though Bertelsen’s study (1993) suggests that poor supply chain design in construction increases the project cost by ten percent, this is most likely a conservative estimate that also affects project duration.

The CIDA (1994) and DISR (1999) reports on the Australian construction industry suggest that the industry requires reform to improve quality, productivity and performance. The need for radical improvement is not restricted to Australia alone, as several other countries have received similar scrutiny, e.g., Finland (Kauppa-ja Teollisuusministerio [KTM], 1996; Silen, 1997), Hong Kong (Grove, 1998; Tang, 2001), Norway (Haugen, 1999), Singapore (Construct 21 Steering Committee, 1999) and the UK (Latham, 1994; Egan, 1998). The above reports all call for improved collaboration, integration, communication and coordination among customers and suppliers throughout the project supply chain.

Vrat (1998) observed that internationally, the interest in SCM has increased steadily since the 1980s; however, the concept in India is in a nascent stage. Economic deregulations and globalisation of the Indian industry have compelled Indian organisations to seek methodologies and processes that produce maximum efficiency both within and beyond their operations (Sahay, 1999). Further, Saxena and Sahay (2000) argued that the deregulation of the Indian economy over the last decade has attracted global players in every industrial sector and has unleashed a new competitive spirit in Indian organisations. Based on a study across all industrial segments, Sahay and Mohan (2003) recommended that Indian industry should align the supply chain strategy with business strategy, streamline processes for supply chain integration, form partnerships for minimising inventory and focus on infrastructure technology development to build an India-specific supply chain. The construction industry in India works in a very fragmented format. To apply the supply chain in construction, Ahmed, Azhar and Ahmad (2002) proposed integrating two construction processes: the procurement process and the construction service process. The flow of information and materials in the supply chain is not smooth, and in turn, this flow affects the overall project time and cost effectiveness. As discussed above, several independent organisations work together in construction projects, including clients, suppliers, architectural and structural engineering firms, main contractors, and sub-contractors. A project can be managed effectively if the activities of independent organisations are integrated by using SCM principles.

Government data1 suggest that close to 60% of projects are plagued by time and cost overruns. On average, each project suffers from 20%–25% time and cost overruns, while in some sectors, overruns are over 50%. India has set a target of investing USD 1 trillion in infrastructure during the twelfth plan (2012–2017) period.

In the above context, the questions to be raised include the following:


	Does the Indian construction industry follow SCM practices to integrate their activities?

	If yes, what are the practices followed in the Indian construction sector to integrate the supply chain?

	Are there any barriers to seamless project supply chain integration?


To study the above issues, the authors use the framework from the seamless SCM model proposed by Love, Irani and Edwards (2004). This paper attempts to answer the above questions in the context of flyover projects in India. The paper begins with the review of the literature of SCM in the construction sector, followed by the research framework, research objectives and research methodology. Next, we report the findings and analysis before discussing the findings. Lastly we summarise the paper with our conclusion and, present the implications and scope for future research.


LITERATURE REVIEW

Role and Challenges of SCM in Construction Projects

Love (2000) observed that many retail and manufacturing organisations were capitalising on SCM implementation for business process efficiency and effectiveness through intra- and inter-organisational relations. The construction industry was slow, or perhaps even reluctant, to employ SCM practices. He found that the major hurdle for not implementing SCM in construction projects is the temporary nature of client-designer-contractor-sub-contractor-supplier relations because of the unique nature of each product. Vrijhoef and Koskela (2000) found that the construction industry is the largest industrial sector in the world, accounting for approximately 10% of the global gross productive effort. The construction industry has great opportunity for improvement through SCM. O’Brien and Fischer (1993) also suggested that there is a potential for significant improvement in construction supply chain performance. However, they argued that the widespread use of labour-only subcontracting complicated the process because several tiers of sub-contractors exist within a single project setting. The involvement of multiple sub-contractors in a single project prevents the integration of the construction production process into a seamless project supply chain. A study by Greed (1997) showed that the pressure is continually on those at the next level down the hierarchy in the construction supply chain. Therefore, the relationships between main-contractors and sub-contractors tend to be strained (Hinze and Tracey, 1994). According to Koskela and Ballard (2006), involving downstream players in upstream decisions and integrated teams enables the main goals of transformation, flow and value generation to be pursued.

Barlow, Jashapara and Simpson (1997) observed that partnering is restricted to client-contractor linkages, as opposed to developing strategic alliances throughout the supply chain network. This is a result of the industry’s traditional approach of vertically differentiating the construction process, which results in extremely fragmented project delivery structures. Project management is concerned with the coordination and integration of the project team to fulfil clients’ needs (Walker, 2007).

The above-mentioned studies have identified challenges related to SCM in construction projects. These challenges are (1) the temporary nature of the relationship between agents, (2) several layers of subcontracting within a single project setting, (3) lack of knowledge of downstream project agents about upstream project decisions, and (4) a restricted partnership between the client and contractor.

Vrijhoef and Koskela (2000) identified the roles of SCM in construction to reduce total cost and time. Their focus was on the impacts of the supply chain on site activities, logistics, lead time and inventory. The study found that several SCM initiatives, such as partnering and incentive-based contracting, have been sporadically implemented to improve construction project performance. They further argued that such initiatives have often been used in combination with traditional practices for managing and controlling the project supply chain. As a result, performance improvements have been limited to the sub-process level. They suggested transferring activities from the site to earlier stages of the supply chain and integrating the management of the supply chain and site production.


Value Management and Strategic Needs Analysis

Ellis and Wood (2005) reported that value management focuses on continuously increasing the value provided to the client and is widely accepted as an important tool in the recent management of construction projects. Kelly, Male and Graham (2004) argued that it focuses on value rather than cost and seeks to achieve an optimal balance between time, cost and quality. It helps integrate the building processes that no other management structure in construction can provide (Kelly and Male, 1991). Ashworth and Hogg (2000) identified that value management is critical to the success of projects because it provides the basis for improving the value for the money in construction. At an international level, value management is considered to be an important field.

Strategic needs analysis (SNA) is a process that involves the client and all other stakeholders who have an interest in the project and can make a contribution to improving the type, nature and quality of the proposed project (Smith, Love and Wyatt, 2000). Smith, Kenley and Wyatt (1998) suggested that SNA starts with the premise that the delivered solution will be the one that can best satisfy the clients’ strategic needs. In this SNA approach, the client is advised at the strategic or pre-design stage. Early stages of projects call for critical decisions that affect the economy, efficiency, timing, functional content, appearance and real value of the project (Barett, Hudson and Stanley, 1999; Smith and Love, 2001). Smith and Jackson (2000) suggested that the approach analyses and reviews client objectives, proposes alternatives and confronts participants with decision making.

Partnering between Supply Chain Members

The Construction Industry Institute (CII) defines partnering as “a long-term commitment by two or more organisations for the purpose of achieving specific business objectives by maximising the effectiveness of each participant’s resources. This requires changing traditional relationships to a shared culture without regard to organisation boundaries. The relationship is based upon trust, dedication to common goals, and an understanding of each other’s individual expectations and values. Expected benefits include improved efficiency and cost-effectiveness, increased opportunity for innovation, and the continuous improvement of quality products and services”. Bygballe, Jahre and Sward (2010) identified three key dimensions of partnering: relationship duration, relationship partners and relationship development. Harris and McCaffer (2001) considered partnering to be a strategic arrangement whereby a contractor is engaged in a series of projects with the same client to lower costs and improve efficiency. According to Reed (1999) and Himes (1995), partnering between members of the construction supply chain helps in problem solving and improves the knowledge of the processes. Al-Mahbashi (2007) identified that the requirement of an organisation to be competitive led to the emergence of alliances, partnering and other forms of collaborative work in construction. Barlow and Jashapara (1998) highlighted the importance of collaborative links between firms for simulated organisation learning. The study of Barlow, Jashapara and Simpson (1997) emphasised that mutual objectives, trust and understanding of each other’s commitment are critical to partnering success.


Though the application of SCM philosophies is emergent within the construction industry, organisations are beginning to comprehend the intrinsic value (Akintoye, Mclntosh and Fitzgerald, 2000; Vrijhoef and Koskela, 2000; Love, 2000; Dainty, Briscoe and Millett, 2001). Pearson’s (1999) study suggested that SCM has replaced partnering in the UK construction industry. However, only a few UK clients (British Airport Authorities [BAA], the Ministry of Defence and Tesco) and contractors (Balfour, Beatty and Tarmac) use SCM as an integrative part of their business strategy for managing their projects. Further, the study notes that clients and contractors have reduced their supplier base, established and nurtured relationships with suppliers, organised training programmes to encourage a cooperative approach to problem solving, and developed systems for rating a supplier’s performance on quality, speed and prices. The study also stated that these firms involve suppliers at an early stage in the project to acquire their knowledge regarding design and procurement issues. The research of Castro-Lacowture and Skibniewski (2003) displayed the effective conflict resolution ability of E-work Models. The E-work model assumes that all project participants, e.g., the designer, contractor, sub-contractor, and fabricator, belong to the same company and share the cost minimisation function.

Research Gap

The focus of most of the existing research into construction SCM has been on specific aspects of the supply chain, such as client-contractor relations (Akintoye, Mclntosh and Fitzgerald, 2000), contractor, sub-contractor and supplier interface (Vrijhoef and Koskela, 2000), or rework (Love, Mandal and Li, 1999). Studies in the construction sector are also undertaken on aspects such as environmental performance (Ofori, 2000), design management (Khalfan et al., 2001), service quality (Hoxley, 2001), and purchasing behaviour (Dubios and Gadde, 2000). Barker, Hong-Minh and Naim (2000) argued that there is a clear gap in research that takes a holistic approach to SCM as applied to construction projects. Until now, in the construction industry, initiatives belonging to the domain of SCM have been minimal, covering a subset of issues (e.g., transportation costs) in a limited part of the construction supply chain (e.g., the construction site). Asplund and Danielson (1991) stated that in most cases, the issues are considered from a main contractor’s point of view. Agapiou et al. (1998), Akintoye, Mclntosh and Fitzgerald (2000) and Love (2000) argued that construction project SCM is not forthcoming in the literature.

We can observe from the above discussion that most studies on SCM in the construction sector have been undertaken in developed countries for specific aspects of SCM. Our research is an attempt to study the use of SCM in the context of the Indian (i.e., a developing country) construction industry. Further, this research on supply chain perspective has been attempted with a holistic view for infrastructure projects.

The next section discusses the research framework, research objectives and research methodology.


RESEARCH FRAMEWORK, RESEARCH OBJECTIVES AND RESEARCH METHODOLOGY

Research Framework

In our research, we used the Love, Irani and Edwards (2004) model to develop the research framework. The authors of the model reported that an effective implementation of the SCM model in practice requires a leader who can coordinate and integrate activities and resources throughout the procurement process. They propose a seamless project supply chain model, as shown in Figure 1, for construction projects; using this method, the project facilitator acts as a conduit through which two-way communications would flow between project teams and the client.
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Figure  1. A Seamless Project Supply Chain Management Model
(Source: Love, Irani and Edwards, 2004)




The model shows that any construction project starts with the strategic needs analysis as the first step. According to this model, a project facilitator, i.e., project manager, should be appointed by the client at the initial stage of the project. His responsibilities would include identifying the project’s strategic needs, and initiating and managing the design and development process. Value management is also considered an important aspect of project processes and should be undertaken prior to the project’s detailed design and documentation stage; value management helps minimise the impact of any change orders or design rework that may be initiated by the client at a later stage. Green (1996) observed that some of the best projects have demonstrated the benefits of using value management.

The authors of the model further proposed that structural and other designers, contractors, sub-contractors, suppliers and project management consultants should all work together from the design stage itself. Input at the design stage from other agents, including contractors, sub-contractors and suppliers, would help the designer understand the needs at the site better. At the same time, contractor involvement at the design stage would help the contractors understand what is expected of them and how to execute the work effectively. Throughout the construction process, the project manager would assume an active coordinator’s role to ensure smooth project implementation.

This research evaluated the practices followed in Indian projects and compared them with Love’s proposed model (Love, Irani and Edwards, 2004). The following elements of the model were used for our study:


	Strategic Needs Analysis,

	Value Management Study,

	Role of Project Management Consultants (PMCs)/Third-Party Consultants (TPCs),

	Appointment of a Structural Consultant,

	Selection of the Main Contractor, Sub-Contractor and Supplier, and

	Role of the Client.


Research Objectives


	To study and compare the current SCM practices in a flyover project in the Indian construction industry with a “seamless project SCM model for construction” proposed by Love, Irani and Edwards (2004).

	To identify barriers in implementing the above-mentioned seamless supply chain model for flyover projects in the Indian construction industry and suggest modifications or improvements to the model.


Research Methodology

This research study employed a case study research design. Yin (1994) suggested that the multiple case study approach shows numerous sources of evidence through replication rather than through sampling logic. Hence, generalisation of the results from case studies, irrespective of single or multiple case study designs, stems from theory rather than on populations.


Of the 10 flyover projects in the implementation stage that we considered, four projects were selected. The selected four flyover projects were from four different zones of one metro city of the Gujarat State in India. They were typical in nature because all four projects were implemented by government authorities, which served as the client. The projects undertaken on the public private partnership (PPP) model may differ in terms of implementation. Semi-structured interviews were conducted to understand the SCM practices in the flyover projects. Prior to conducting the interview, a pilot study was conducted with four respondents to understand the SCM phenomenon in the construction industry. The feedback was considered to improve the quality of the semi-structured interviews. The respondents were from selected four flyover projects. They comprised project management consultants (PMC), structural consultants, clients, contractors, subcontractors and suppliers. In total, we contacted 42 respondents who had work experience ranging from five to 30 years.

An explanation of the seamless project supply chain model proposed by Love, Irani and Edwards (2004) was given. Content analysis was performed to compare and analyse the SCM practices across the projects. The respondents were required to compare the practices followed in their project with the practices recommended by the authors of the proposed seamless supply chain model. We identified gaps in the current SCM practices followed by the studied firms compared with the practices suggested by the Love, Irani and Edwards (2004) seamless SCM model for construction. A profile of the projects studied is given below in Table 1.


Table 1. Profile of Projects Studied



	
	Case Study
Project 1

	Case Study
Project 2

	Case Study
Project 3

	Case Study
Project 4




	Client
	Government

	Government

	Government

	Government




	PMC / Third party consultant
	Third party consultant

	Third party consultant

	Third party consultant

	PMC




	Number of respondents contacted
	10

	11

	9

	12




	Project start date
	August 2009

	July 2009

	Dec 2007

	Jan 2009




	Tentative end date of project
	July 2010

	August 2010

	July 2010

	Aug 2010




	Actual end date of project
	April 2011

	February 2011

	December 2010

	July 2011




	Project cost
	Rs. 8 Crores

	Rs. 10 Crores

	Rs. 23 Crores

	Rs. 7 Crores





The listed projects were all delayed and could not be completed as planned with regards to time and cost.


FINDINGS AND ANALYSIS

Our findings and analysis, including a comparison of the SCM practices followed in Indian flyover projects with the Love, Irani and Edwards (2004) model of seamless project SCM, is given below. Table 2 shows the comparative analysis.


Table 2. Comparative Analysis: Seamless SCM in Case Study Projects



	Love, Irani and Edwards Model Requirements
	Case Study Project 1
	Case Study Project 2
	Case Study Project 3
	Case Study Project 4



	1. Strategic Needs Analysis
	Not done; Based on PCU project was undertaken
	Not done; Based on PCU project was undertaken
	Not done; Based on PCU project was undertaken
	Not done; Based on PCU project was undertaken



	2. Values Management Analysis
	Not done; Based on PCU project was undertaken
	Not done; Based on PCU project was undertaken
	Not done; Based on PCU project was undertaken
	Value management studies for project functionality, construction feasibility and method of construction was carried out, it helped in 40% reduction in time and 5% reduction in cost



	3. Appointment of PMC/Third Party Consultant
	Managed by client’s engineers; Third party consultant appointed after the designs were completed
	Managed by client’s engineers; Third party consultant appointed after the designs were completed
	Managed by client’s engineers; Third party consultant appointed after the designs were completed
	PMC appointed at the start of design stage



	4. Involvement of Structural Consultant at Design Stage
	Appointed after design stage
	Appointed after design stage
	Appointed after design stage
	Structural consultant and PMC by same firm, some degree of integration in supply chain



	5. Involvement of Contractors, Sub-Contractors and Suppliers at Design Stage
	Not involved at design stage
	Not involved at design stage
	Not involved at design stage
	Not involved at design stage



	6. SCM between Clients, Contractors, Sub-Contractors and Suppliers at Design Stage
	Contractual relationship between them which is limited to respective projects, Selection criteria of agents are work experience and least cost
	Contractual relationship between them which is limited to respective projects, Selection criteria of agents are work experience and least cost
	Contractual relationship between them which is limited to respective projects, Selection criteria of agents are work experience and least cost
	Contractual relationship between them which is limited to respective projects, Selection criteria of agents are work experience and least cost




Strategic Needs Analysis and Value Management Study

Passenger Count Unit (PCU) and traffic intensity at the peak hours were already known in all projects; therefore, the respondents claimed that a proper strategic needs analysis was not conducted for any of the projects. However, all of the respondents agreed that the procedure of identifying the clients’ strategic needs and developing a plan is logical and helpful for the effective implementation of projects. The model proposed by Love, Irani and Edwards (2004) suggests that a proper strategic needs analysis in terms of a project feasibility report helps in the effective implementation of projects.

Additionally, a value management study was not conducted in the first three case studies before the start of the projects. The project management teams from these three projects had either non-existent or very limited knowledge regarding value management study. Upon vaguely understanding the concept, they claimed that they already had the right practices in place, so there was no need for a value management study. The model suggests that value management study analysis concerning the use of various construction materials, equipment and methods from the viewpoint of cost and project time is very critical.

A value management study was completed in only one of the studied projects: Case Study Project 4. In this project, the same consulting firm was involved in project management and structural design. The consultant agreed and claimed that they conducted a value management study for the project’s functionality, construction feasibility and construction method. They claimed that the value management study helped reduce the construction time by approximately 40% and the costs by approximately 5%.

Our research found that most of the agents in the Indian construction industry do not understand the importance of value management analysis and consider it to be an activity that increases the cost.

Project Management Consultants/Third-Party Consultants

Of the four projects studied, the first three projects were managed by the client’s engineers. However, in these three projects, third-party consultants were appointed to ensure that the project progressed with the desired quality and specifications. Third-party consultants were appointed after the detailed designs were completed and approved by the relevant authorities. Therefore, the integration of other project activities with design activity was missing. In the fourth project, the Project Management Consultancy (PMC) was appointed at the start of the design stage. The PMC had an in-house structural design team that completed the design of the project. In this case, the project manager was also the head of the design team. Involving the project managers in the design process helped them understand the expected quality of the structure and plan the construction sequence in a more efficient way. It also reduced the uncertainties related to the execution stage. Thus, involving PMC/third-party consultants in the design stage helps project-related decisions be made more quickly and the project be completed in the stipulated time.

The PMC and third-party consultants were appointed based on both their work experience and the cheapest cost quoted in the tender. All of the flyover projects studied are government projects. It is expected that government projects, i.e., public works, be completed with minimal cost. The main goal in appointing a PMC/third-party consultant is to deliver the projects in the stipulated time and with the specified quality and budget. To achieve this goal without hurdles, SCM concepts should be used in projects.

Structural Consultant

Structural consultants were appointed when the decision to make the flyover was finalised and/or approved by government authorities. They were selected through the tendering procedure, wherein the main criteria for selection were work experience and the cheapest cost.

The structural consultant’s role included soil testing, surveying and levelling and generating estimates, detailed designs and drawings. The guidelines set by the Roads and Buildings Department of the Government of India were followed for structural designs. The drawings were checked and reviewed by engineers of the Road and Building Department. No other agents related to the project were involved in the structural or other designs because the practice followed in India is to appoint the contractor only after the design and drawings are ready.

In the first three case study projects, the structural consultants were not involved at the strategic needs analysis stage. No design changes were permitted for any of the projects because there was no coordination between the structural consultant and the execution team at the design stage. Therefore, the agents working in the downstream process were compelled to follow the drawings. Additionally, in some instances, the design was not changed to suit the contractors’ working methods.

In one project, i.e., Case Study Project 4, structural design and project management consultancy were performed by the same consultant. Therefore, in this project, the project management team was involved in the design process. Their involvement helped the PMC obtain better clarity during the project execution stage because the personnel who carried out the structural design could be easily reached for any data needed. Additionally, the PMC’s suggestions were availed by the structural design team at the design stage. However, other agents working in the downstream process were not involved in the design process.

Main Contractor, Sub Contractor and Supplier

Main contractors were appointed by the clients once the designs were ready. Therefore, it was difficult to modify the design to suit the working method of the contractor. The criteria for selecting the main contractors were work experience, labour and machinery strength and the cheapest cost quote. The selection was done through the tendering procedure. Because the main contractors are accustomed to the present work system, the idea of being involved at the design stage initially seemed absurd to them. However, after discussion on SCM, they agreed that their involvement at the design stage would help them understand the project needs better.

The sub-contractor and suppliers were also not involved at the design stage. Involving the main contractor and the sub-contractor at the design stage would help in developing and planning workable production strategies, schedules, and working methods. The suppliers could help by proposing the appropriate material and equipment.

It was found from the study that the relationships shared by the main contractors and the sub-contractors and by the main contractor and suppliers were temporary. The main contractors preferred to work with the same subcontractor and suppliers; however, this was not possible because the selection is made based on bidding. Main contractors agreed that working with the same suppliers and sub-contractors on a continuous basis would be helpful to understanding their strengths and weaknesses better. Working with the same suppliers and sub-contractors help plan the work accordingly. It is also observed that a good relationship with other agents helps promote team work among the different agents; good relationships would eventually lead to a better work environment and faster completion of work at the budgeted cost.

The main contractors also agreed that they took the sub-contractors’ advice regarding the need and time required to plan further work. Subcontractors’ work was usually reviewed every day by the contractors. The contractors, however, usually review suppliers once per year. Daily and weekly reviews with site engineers were carried out. Fortnightly, monthly and quarterly reviews were also carried out by all contractors. Because the main contractors from the studied projects were medium-sized firms, they did not have a proper information system in place. All contractors agreed that having an information system in place that linked supplier and sub-contractor information would help provide a better information flow. Thus, it would lead to real-time project review with all agents. However, the contractors are of the opinion that the cost of using an information system is very high compared with the period for which it would be used, as the projects are unique and have a definite start and end point. Using an information system would be very helpful if all of the agents involved in a particular project continued working together for more projects in the future.

In the studied projects, the tentative material delivery schedule was given to the suppliers, but most of the time, orders were placed two or three days in advance. Suppliers were rarely asked for suggestions or information regarding what type of materials would be suitable. The maximum time overrun allowed for the materials to reach the site was approximately one to two days. The contractor would look for alternate sources for the same material so that in the case of nonavailability of a material from one supplier, the material could be procured from another supplier. A proper information system would be helpful in managing timely material deliveries from suppliers and supplier relationships through real-time information.

Client

The clients also agreed that linking the information systems of all of the agents would help provide a better information flow. It is observed that because all of the studied projects were from the government department, the contracts were awarded as per the government rules, i.e., the cheapest cost subject to an agent meeting other qualifying criteria. Thus, it may not be possible to award contracts to agents who have a proper information system to implement SCM. Moreover, because the project is a time-bound activity, the construction team for one project would break up once the project is completed.

All clients unanimously agreed that coordination through the proper flow of information was a very important factor for the successful completion of any project. According to the clients, implementing the seamless SCM model would not be feasible in government projects because government departments must follow a set of rules when awarding a contract. However, they agreed that coordination through an information system would benefit both the project and the involved agents.

Barriers to implement seamless supply chain integration

Agents involved across the entire construction supply chain process (e.g., client, consultant, contractor, sub-contractor and supplier) should give equal importance to each other to develop a seamless project supply chain. The subordinate position of the sub-contractors and suppliers within the hierarchy of relationships leads to inter-organisational conflict. The pressure is continually on those at the next level down the hierarchy, which prevents the integration of those involved in the production process into a seamless supply chain.

For a seamless supply chain to exist, the flow of information among the agents and the alignment of the involved agents’ systems and procedures in the project is very important. Because the main contractors involved in the surveyed projects were small or medium-sized enterprises, they themselves were not equipped with proper information technology systems. This is a barrier to integrating all of the agents in a supply chain in India. Not even the clients (in the case of government departments) are equipped with an information technology system. Very little or no effort has been made to align the systems of different agents to avoid time- and communication-related problems.

The quality of information shared by the consultants with the main contractors and by the main contractors with the sub-contractors is also a matter of concern. The absence of a communication channel, late or inaccurate design information, main contractors’ general neglect and sub-contractors’ needs for accurate and prompt project-related data all have an impact on work quality. In a few cases, as a result of delay in certain permissions from government departments, the work suffered. Although it is the client’s responsibility to obtain the necessary permissions from various regulatory authorities for executing the project, contractors are pressured to complete the work on time without obtaining the necessary permissions.

It was observed that clients, consultants and main contractors were more concerned with completing the projects in the shortest possible time. However, these agents failed to understand that better coordination and integration of their activities would help the project be completed with minimal hindrances. The respondents revealed that the lack of trust between agents as a result of past bitter experiences is a fundamental barrier to sharing each other’s needs.

Our study found that downstream agents (e.g., contractor, subcontractor, supplier) have been excluded from early involvement in projects because price was the major and primary criterion for selection the downstream agents. The practices followed by Indian government projects do not involve such agents in the early phase (e.g., strategic needs analysis, structural design and value management) of a project. As a result, the staff of the main contractor focuses on cost issues rather than identifying the added value that a supplier or sub-contractor might provide. The same is done by the client when selecting the main contractor. An argument presented by the clients is that as a public department, they must focus on the cheapest cost when the contractor meets a few basic selection criteria. The clients would be accused of partiality towards the chosen contractor if other parameters that were not as quantifiable as cost was taken into consideration. Moreover, involving these agents at an earlier stage of the project would mean an increase in that particular agent’s responsibilities, which would increase the project’s initial cost. It is suggested that the client should be made to understand that this additional cost would far outweigh the costs associated with changes, rework and delays in the project schedule.

DISCUSSION

Our research shows that the involvement of all agents in a construction project, e.g., contractor, sub-contractor, supplier, structural consultant and PMC/third-party consultant, is lacking at the project design stage, which leads to several problems at the execution stage. The practice in the Indian construction industry is to involve these agents once the design is finalised. It is not possible to include all agents at the design stage because they are selected through a tendering process, with the cheapest cost as one of the criteria. It is suggested that the client can invite all qualified bidders to participate in design discussions and that later, whoever qualifies, per the client’s norm, may be given the contract.


The study revealed that the role of project facilitators is inadequate. In our study, this refers to third-party consultants, the client’s engineers and the PMC. The project facilitator can actively play the role of a leader to ensure smooth and proper coordination between various agents. The client’s active role as project leader will help in the timely execution of the project with the budgeted cost and required quality.

In government projects, the practice of offering or awarding a contract to the lowest cost bidder may be re-evaluated so that the overall quality of work and execution of the contract can be improved. Our results also show that construction industry agents lack knowledge of the SCM practices identified by the study of Love and Sohal (2002). This may be the reason for the slow implementation of SCM in the construction industry, as cited by Love (2000). We suggest that agents should be trained on the application of SCM in the construction industry to reap the benefits in projects.

This study also showed that partnering in the construction supply network is limited to the main contractor and sub-contractor, main contractor and supplier and sub-contractor and supplier levels. This relationship is on a project-to-project basis only, although they prefer to work with each other on a permanent basis because sub-contractors and suppliers are awarded a contract only through bidding processes and lowest cost criteria. Indirectly, this hampers the efficiency in project execution. Our study supports the arguments for partnering and networking in the construction supply chain made by Latham (1994), Egan (1998), Vollman, Cordon and Raabe (1998) and Harris and McCaffer (2001). We further suggest that the missing link is the involvement of all of the agents at the start of the project, i.e., the strategic needs analysis and design suggested by Love, Irani and Edwards (2004) in the seamless project supply chain model should be addressed by the industry.

All of the studied projects faced time and cost overruns that could have been controlled by using SCM concepts in construction projects. Two of the specific reasons that were identified for time overrun in the studied projects are (1) improper soil testing that led to pile foundation redesign and (2) encountering underground utilities while digging the foundation, which led to pile shifting. This could have been avoided if all of the project agents were involved from the project conception stage. Although Case Study Project 4 had some integration in their supply chain, it was not deliberate. Further, it had a missing link in downstream supply chains regarding integration with contractors, sub-contractors and suppliers. Therefore, the project could not obtain the benefit of limited supply chain integration. In our study, we noted that because of the poor performance of one agent, problems were created for other agents working downstream in the construction process. Thus, this study further confirms the findings of Greed (1997) that pressure is continually applied on those at the next level down in the process hierarchy. Proper coordination among agents helps them foresee some of the hurdles that hinder project completion. A lack of coordination among agents also leads to an increase in the overall cost of the project and delays the project completion time.

Our research also confirms the findings of Pearson (1999) that the main contractors, who have nurtured the relationship with sub-contractors and suppliers, prefer to work with the same agents on a permanent basis to achieve efficiency and effectiveness in construction projects. We agree with Wong and Fung’s (1998) findings that the main contractor must develop a structure for an efficient communication system for effective relationship management within their project team because the main contractor is at the hub of the design and production processes. In the Indian construction industry, competitiveness is not an issue among agents; therefore, there are minimal efforts to re-examine ways to manage the supply chain, as advocated by Al-Mahbashi (2007).

This research suggests that the Indian industry embrace the model proposed by Love, Irani and Edwards (2004) to improve construction projects’ efficiency. It is further suggested that to partly introduce seamless SCM, project sponsors can award work to a Vertically Integrated Construction Company (VICC). The client’s representative or client’s engineer can act as project facilitator between the client and VICC to implement seamless SCM.

VICC refers to firms having in-house expertise to undertake all of the activities of a construction project, ranging from needs analysis to commissioning or project hand over. Integrating various project activities will be easier and faster for VICC as various divisions of VICC undertakes different roles in managing the project. Coordinating internally with other divisions will help manage the supply chain effectively.

CONCLUSION, IMPLICATIONS AND SCOPE FOR FUTURE RESEARCH

Conclusion

A typical construction supply chain network has the main contractor at the centre of the hub, with links to the client, main supply agencies (i.e., sub-contractor and suppliers), and design services and any specialist management services. The above agencies all operate independently, which makes the coordination task of the contractor difficult.

The agents involved in the Indian construction industry have either no or limited knowledge about the SCM concept and its application in the construction industry. It is further found that the studied firms did not follow two important stages, i.e., strategic needs analysis and value management study, as identified by Love, Irani and Edwards (2004) in their seamless SCM model. The concept of value management study is either not or vaguely known to agents working in the Indian construction industry. Downstream agents in the industry, including contractors, sub-contractors and suppliers, are not consulted at the design stage. They act as independent agencies and work in isolation. Sub-contractors and suppliers have limited collaboration with contractors, e.g., only during the project execution stage. It is observed from the study that the clients’ proactive role as a leader in the supply chain is missing; this is a major barrier in the implementation of seamless SCM. The process of awarding work based only on lowest cost and work experience also creates hurdles in the implementation of seamless SCM in the Indian construction industry. Further, it is not possible to have a long-term relationship between agents because agents often work together for only a single project. Therefore, the agents are not motivated to implement an Information Technology (IT) system for integrating their supply chains.

All of the respondents agreed that working in coordination with other agents in the project would result in faster decision making so that the project can be completed on time and within the budgeted cost. They also agreed that proper coordination would help stimulate teamwork and a collective learning environment. This study reveals that the Indian construction industry does not function like the true seamless project SCM model proposed by Love, Irani and Edwards (2004).

We suggest some modifications and improvements to the seamless project SCM model for construction proposed by Love, Irani and Edwards (2004) for its practice in developing countries like India. Because collaboration and a relationship between the agents involved in construction projects is limited to a single project, clients and clients’ managers can plan to create long-term partnerships for specific categories or types (e.g., flyover, roads, factory buildings, airports) of projects. Least cost criteria may be avoided for awarding project work to agents. Clients may plan SCM training for all agents involved in project work before the start of the project.

Implications

Strategic needs analysis and value management study should be made an integral part of the construction project. Such studies help make the work easier and faster at the later stages. Implementing seamless project SCM calls for the involvement of all agents working on the projects starting at the beginning of the project.

An integrated information system helps achieve transparent and mutually beneficial processes for all parties in the project supply chain. Thus, it is very important that information systems be made an integral part of the construction industry. To achieve an integrated system that would make the construction process transparent, the client should take the lead and play an active role. Experienced public and private clients would be ideal for taking leadership in the processes. This study shows that public departments are not properly equipped, which makes this change more difficult to achieve in public departments.

Future Scope of Research

Only four projects were considered in this research. More such case studies can be examined to gain better insight about adoption of SCM in the Indian construction industry.

Because public sector projects were used as the case studies, the agents chosen for the work were those that quoted the lowest price for the given specifications. Their capability in terms of managing the project professionally was limited. Most of the contractors chosen for the case study projects had a very poor infrastructure to facilitate the integration of the supply chain and make information flow smoothly. Therefore, private projects should be studied. How a private sector client can affect the dynamics of the supply chain of the project can be studied to note the differences in public and private sector practices in the Indian construction industry.

Infrastructure projects other than flyovers can be studied to compare the SCM practices suggested by the model. Future research can be undertaken on issues relating to the selection of project team members if a public sector client were to adopt the proposed SCM model.


NOTE

1.      Project Implementation Status Report of Central Sector Projects costing USD 3.5 million and above (April to June 2008), Ministry of Statistics and Programme Implementation.
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Abstract: Hydropower construction projects are complex and uncertain, have long gestational periods and involve several parties. Furthermore, they require the integration of different components (Civil, Mechanical and Electrical) to work together as a single unit. These projects require highly specialised designs, detailed plans and specifications, high-risk construction methods, effective management, skilful supervision and close coordination. Thus, claims are common in such projects. These claims are undesirable because they require significant time and resources to resolve and cause adversarial relationships among the parties involved. Therefore, it is in the common interest of all involved parties to prevent, minimise, or resolve claims as amicably as possible. Identifying common claim types and their causes is essential in devising techniques to minimise and avoid them in future projects. This report details a case study performed on a large-scale hydropower project in Bhutan. The findings of this case study indicate that differing site conditions are the major contributor of impact and change claims and 95% of total claims can be settled by negotiation, whereas 5% of claims can be settled by arbitration.
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INTRODUCTION

Claims are the primary source of problems in the construction industry. Construction claims are considered by numerous project participants to be one of the most disruptive and unpleasant events of a project (Ho and Liu, 2004). Most construction projects are uncertain and complex, involve a wide variety of business parties, extend over a lengthy period of time and require highly specialised designs, detailed plans and specifications, high-risk construction methods, effective management, skilful supervision and close coordination. Large hydropower construction projects are extremely complex and consist of several inter-related activities/work packages of different disciplines involving numerous parties. Thus, claims are common in such projects, further delaying completion times and causing cost overruns. Moreover, construction contracts are extremely long, complex sets of documents, which are often not well understood by the parties and lead to differing interpretations by different parties. Consequently, disagreements or disputes arise regarding contractual obligations or expectations. Minimising and avoiding construction claims and disputes requires understanding the contractual terms and clauses early on while identifying and understanding the causes of the claims. When one party believes that the other party has not met the contractual obligations or expectations and that they deserve monetary and/or time compensation, they may submit a claim. A survey performed in western Canada discovered that a large majority of claims involved delays, and, in several cases, these delays exceeded the original contract duration by over 100%. Additionally, more than half of these claims resulted in additional costs of at least 30% of the original contract values (Semple, Hartman and Jergeas, 1994).

According to Detlev (2004), the increase in claims and disputes has multiplied over the past decade. It is evident that certain factors influencing the serious and substantial increase in the number of claims for additional compensation are due to the complexity of the projects now being undertaken and the price structure of the industry, which does not permit the absorption of unanticipated additional costs by the contractor. As such, in recent years, the participants in the construction process have become increasingly concerned regarding construction claims.

The goal of this study is to identify various monetary claim types and claim causes that have occurred during the construction of this project and rank them according to the frequency of occurrence and severity of the claim amount. Additionally, the modes of claim settlement and the duration of the claims are analysed.

BHUTAN’S HYDROPOWER RESOURCES AND DEVELOPMENT

The Kingdom of Bhutan is a small landlocked country located in the eastern Himalayas that covers an area of 38,394 square kilometres and roughly measures 140 km north to south and 275 km east to west. It shares a boundary in the south, east and west with India and borders China to the north. Over 72% of its land is under vegetative cover, with altitudes varying from 100 meters above sea level (MASL) in the southern sub-tropical region to 7,550 MASL in the northern alpine region. Most of the mountainous regions of the north remain under snow cover throughout the year, which provides perennial water flow in its rivers. The rivers of Bhutan carry large flows during the monsoon season and snow-fed flows in the winter. Thus, the combination of Bhutan’s hydrology and topography creates a large potential for harnessing hydropower.

Bhutan has an estimated hydropower potential of 30,000 MW and 120 TWh mean annual energy generation, which indicates an average development potential of 781 kW per square kilometre of land (catchment). Based on the updated Power System Master Plan (PSMP) Report (Department of Energy, Royal Government of Bhutan, 2004), 23,760 MW from 76 sites with capacities at or above 10 MW have been identified and assessed to be technically feasible. Most of the schemes identified are run-of-the-river types, which are low cost and environmentally friendly. Furthermore, a few areas with acceptable environmental impacts have been identified in the southern belt before the Bhutanese rivers flow out and enter the Indian plains (Tshering and Tamang, 2004).

Hydropower is the backbone of the Bhutanese economy and a key contributor to the development of the country. The correlation between hydropower development and the country’s economic growth is striking. According to the National Statistical Bureau (NSB), Bhutan experienced one of the highest gross domestic product (GDP) growth rates of 21.4% in 2007, compared with 6.3% in 2006, primarily due to the completion of the Tala Hydro Power Project, which substantially increased the electricity sector’s contribution to the total GDP. More than 75% of the power is exported to India. Electricity from hydropower is the highest contributor to the government exchequer and will remain so in the future. In 2006, hydropower’s share of the country’s total GDP was 14% with earnings of BTN 5,582 million (exchange rate USD 1 = BTN 42).

Despite hydropower’s high potential, it is estimated that only 5% of its total capacity has been harnessed to date. Given the importance of hydropower to the economy for achieving national development objectives, the government has placed a high priority on the expansion of this sector, with goals to harness and export 10,000 MW of hydropower by the year 2020. Thus, significant emphasis has been placed on the construction of hydropower in Bhutan. The Punatsngchhu-I (1200 MW) and Dagachhu (114 MW) hydropower projects are already under construction, the Punatsangchu-II and Mangdechu projects are expected to begin construction by early 2010 and studies are being performed on numerous other projects. It has been estimated that approximately BTN 442 billion (USD ~9.60 billion) will be invested to generate approximately 10,406 MW by the year 2020 (Druk Green Power Corporation Ltd., 2009). Table 1 lists a few important projects that will be developed within the next 20 years.

To fulfil the government’s target of 10,000 MW by the year 2020, projects such as the Sunkush Reservoir (4000 MW), Kuri Gangri (1800 MW) and Amochu (620 MW) have been added to this list and their construction schedules are being revised to accelerate progress.


Table 1. Large Projects Scheduled for Development in the Next 20 Years (PSMP 2002–2020)



	River Basin
	Name of Project
	Gross Head (meters)

	Installed Capacity (MW)

	Mean Annual Energy (GWh)

	Proposed Construction Period




	Punatsangchhu
	Punatsangchhu-I
	286

	1,000

	4,770

	2007–2012




	Mangdechhu
	Mangdechhu HPP
	719

	670

	2,909

	2009–2014




	Punatsangchhu
	Punatsangchhu-II
	267

	990

	4,667

	2012–2017




	Bumthangchhu
	Zhemgang/Digala
	527

	670

	3,207

	2015–2020




	Bumthangchhu
	Kheng/Shingkhar
	487

	570

	2,713

	2017–2022




	Drangmechhu
	Kholongchhu (Gomkora)
	378

	485

	2,209

	2020–2025




	Total
	6 projects
	
	4,385

	20,475

	




India has been the lead donor in providing both technical and financial assistance to numerous hydropower projects in Bhutan. This relationship has been a win-win situation for both countries because India has a large power demand while Bhutan has a large hydropower potential. However, to accelerate development and achieve the goal of 10,000 MW by the year 2020, the government is in the process of implementing a Foreign Direct Investment (FDI) policy for hydropower development in Bhutan, which would encourage foreign investors.

Thus, given the expected hydropower construction boom within the next few years, it is vital that project participants be prepared to perform their work successfully. Claims in construction are a contentious issue and the success of the projects depends on how well the claims can be prevented, minimised and managed. Despite a history of large cost overruns, completion delays and numerous claim issues in Bhutan, there has been no study performed on these issues to date. Therefore, the goal of this study is to determine the key types of claims and various causes as well as the method in which these claims were settled in recently completed large hydropower projects in Bhutan.

CONSTRUCTION CLAIMS: TYPES AND CAUSES

Bramble, D’Onofrio and Stetson (1990) grouped claims under four types: change claims, impact claims, performance quality claims and bad faith claims. Change claims included formal/directed changes, constructive changes, cardinal changes, changes due to differing site conditions and design related changes. Impact claims were related to claims from delays, disruptions and acceleration. A study performed by Zaneldin (2006) in the UAE discovered that claim types in construction projects could be classified into six main types: contract ambiguity claims, delay claims, acceleration claims, change claims, extra work claims and differing site condition claims. A survey conducted in Portugal by Moura and Teixeira (2007) found 10 different types of claims: direct changes, errors and omissions, indirect changes, delays, acceleration, force majeure, beginning and ending, measurement and payment, suspension of work and termination of contract.

One of the best methods to devise measures to avoid or minimise these claims is to determine the primary sources or causes of the claims. In hydropower projects, there are several varied sources of claims, thus making it critical that we identify their exact causes. Al-Khalil and Al-Ghafly (1999) identified various important causes of delay claims in public utility projects in Saudi Arabia based on the severity and frequency of occurrence. Zaneldin (2006) identified 26 different causes of claims in construction projects in the UAE: change or variation orders, delay caused by owner, oral change orders by owner, delay in payments by owner, low price of contract due to high competition, changes in material and labour costs, owner personality, variations in quantities, subcontracting problems, delay caused by contractor, contractor not well organised, contractor financial problems, bad quality of contractor’s work, government regulations, estimating errors, scheduling errors, design errors or omissions, execution errors, bad communication between parties, subsurface problems, specifications and drawings inconsistencies, termination of work, poorly written contracts, suspension of work, accidents and planning errors. The important causes of claims related to the contract are as follows: ambiguous contract, conflicting information, omissions of provisions, adjustment of clauses, multiple contracts, inadequate bid information, frequent changes in plans and specifications and inadequate bid preparation time for bidders etc. According to Hassanein and Nemr (2008), the most common types of claims have been documented as change orders and delays caused by the owner. The contractor actions that lead to claims are as follows: inadequate investigation before bidding, underbidding and poor planning and management. At the International Conclave on Contract Management for Accelerated Development of Indian Hydropower Projects held in Delhi on 2007, it was determined that the primary causes of claims in hydropower projects included long gestation periods, hydro-geological surprises, subsurface conditions, delays in getting approvals, contractual problems and changes in work.

RESEARCH METHODOLOGY

Considering the various claim types and causes of claims identified by the literature review, research was performed on a case study with a single-embedded design (Yin, 1994) to determine the important claim types and causes that occurred during the construction of a hydropower project in Bhutan. The hydropower project has a capacity of 1,020 MW with a project cost of USD 300 million and a final completion cost of USD 400 million. Commissioning of the project was planned for June 2005 but was delayed until March 2007 because of geological problems.

The site was visited and data were gathered by referring to several claim documents, contract documents, archival records, minutes of meetings (MoMs), correspondences, project daily reports, technical specifications, claims working sheets, progress reports, damage and delay/disruption reports, photographs and various other supporting archival records.

The claims documents and archival records were studied to create a database for the case. Evidence that supported the claims was sorted chronologically. The various settlement methods used to resolve the issues were obtained. Furthermore, a few project participants, who dealt with claims issues, were informally interviewed and their opinions were incorporated in analysing the claims.

The claims were then segregated into different groups: civil, hydro-mechanical and electro-mechanical. Civil cases were further identified by different contract packages: C–1 to C–5. C–1 cases dealt with the construction of the 92-m-high dam, intakes, desilting chambers and part of the Head Race Tunnel (HRT). C–2 through C–4 dealt with the construction of the 23-km Head Race Tunnel and intermediate adits. C–5 dealt with the construction of the surge shaft, pressure shaft, underground power house cavern and the Tail Race Tunnel (TRT). Information obtained for each case was claim type, claim cause, amount claimed, amount resolved for payment, mode of resolution adopted and duration of settlement.

DATA ANALYSIS AND RESULTS

Table 2 indicates that 35 cases were studied and analysed, with an aggregate value of USD 34.6 million representing 25% of the total project cost (USD 887 million). USD 13.5 million (39% of claim amount) was resolved amicably through mutual consent for payment. The remaining claims (61%) were not successfully resolved because of factors such as quantity differences between the contractor claim amount and site execution, incompatibility with the contract clauses and provisions, false claims and conflicting and disputed claims. All the claims analysed originated from the contractor side. A major portion of the claims (81%) originated from civil tasks, which is attributed to the fact that most of the civil construction projects involved underground tunnelling operations subjected to adverse hydro-geological and site conditions that were different from what was expected and specified in the contract.


Table 2. Summary of Claim Amount and Frequency for Different Work Packages



	Contract Package
	Number of Claims

	Claim Amount (USD)

	Amount Resolved for Payment (USD)

	Claim Resolved for Payment (%)




	Overall
	35

	34,600,491

	13,494,451

	39




	Civil
	21

	27,781,861

	12,290,314

	44




	Hydro-mechanical
	9

	206,596

	96,622

	47




	Electro-mechanical
	5

	6,612,034

	1,107,515

	17





The percentage of claims resolved for payment for different types of work is an indicator of the risk associated with each of the different types. For owners, a higher percentage of claims resolved for payment indicate a higher risk for such work types. Therefore, based on Table 2 above, hydro-mechanical projects with 47% of claims settled for payment are the riskiest for the project owner while electro-mechanical projects with 17% of claims settled for payment are the least risky. However, the overall ratio of claims awarded to claims requested of 0.39 is low when compared to similar studies done for power projects in the UAE, where ratios were as high as 0.78 (Zaneldin, 2006). Moura and Teixeira (2007) studied various projects in Portugal and discovered that the average ratio of claims awarded/claims requested was 0.76. Certainly, a more extensive treatment of risk would factor in an assessment of the total claims, the nature of those claims and the details of their settlement.

Contract, Variation Order, Claim and Dispute Resolution Procedure in This Project

In this project, a Design-Bid-Build contract with remeasurement payment was used. The unit rate was fixed for the items of the Bill of Quantity (BoQ). For deviated items and new items, the rate was fixed based on the variation order procedure established in the Contract Agreement. In this contract, the variation order, claim, dispute and arbitration procedures are adopted from the International Federation of Consulting Engineers (commonly known as FIDIC, acronym for its French name Fédération Internationale Des Ingénieurs-Conseils).

Claim Types

The types of claims were categorised based on Bramble, D’Onofrio and Stetson (1990). Almost all of the claims in this project can be categorised as either change claims or impact claims. There were no claims pertaining to performance quality and bad faith, which indicates that the contractors completed their tasks adhering to the required technical specifications and quality requirements and that the parties enjoyed a cordial relationship. The frequency of occurrence and the severity of the claim amount for each claim type are provided in Table 3.


Table 3. Frequency, Claim Amount and Duration of Settlement for Different Claim Types



	Claim Type
	Frequency of Claims

	Claim Amount (USD)

	Resolved Amount for Payment (USD)

	Percentage of Claim Resolved

	Average Settlement Duration (Years)




	Change claims
	23

	17,015,230.89

	9,800,491

	58%

	1.11




	Impact claims
	12

	17,585,260.40

	3,693,960

	21%

	1.37




	Total
	35

	34,600,491.29

	13,494,451

	39%

	1.20
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Figure  1. Claim Types, Frequency of Occurrence and Amounts (Percent)
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Figure  2. Claim Types and Percent of Settlement through Negotiation




Table 3 and Figure 1 indicate that change claims were much more frequent than impact claims and the claim amount was much higher with impact claims. Change Claims occurred due to formal/directed changes from the client, constructive changes on the site, design-related changes, changes due to differing/adverse site condition changes and changes due to Acts of God (e.g., floods, bad weather) while Impact Claims occurred primarily due to the loss of productivity of the workers, machinery and equipment that was left idle due to delay/disruptions beyond the control of the contractor. The primary factors giving rise to the delay/disruptions included differing/adverse hydro-geological conditions, Acts of God (e.g., floods), design changes and late site transfer by the owner.

Figure 2 indicates the percent of claims resolved for payment through negotiation for different claim types. It can be concluded that contractors were more successful with change type claims than with impact claims. Furthermore, Figure 2 indicates that contractors tend to claim more with impact claims. Claims for productivity losses and idling charges have considerable room for manipulation in terms of disputed resources and the imposition of delay losses. However, the claim amount that has been rejected is significantly higher for impact claims, which reveals that the owner does not easily take responsibility for these claims. The success of this type of claim depends on the skills and abilities of the parties to portray their rights through proper justification and interpretation of relevant contract provisions, rules and bylaws. With the change claim, the changes and quantity variations are easily quantifiable through field measurements and the contractor has minimal room to claim more or make manipulations. Therefore, these types of claims are typically easily agreed upon based on field verification. Moreover, because most of the claims are directed changes, the owner bears the responsibility of the claims and is more willing to approve payments.

Causes of Claims

After assessing all 35 claim cases across all project components, it was determined that one type of claim source recurred in different project components and different claim types. These various claim causes can be classified into five (5) broad groups: (1) Differing/adverse site conditions, (2) Delay from project participants, (3) Changes in design and specifications, (4) Force majeure (e.g., floods) and (5) Omissions and/or ambiguous contract provisions. Table 4 provides the group ranking of claim causes in terms of severity of the claim amount.

As provided in Figure 3, claims due to differing site conditions were ranked the highest (55%) in terms of severity of claim amount while claims from change in design and specifications ranked highest in terms of frequency of occurrence (46%). Because claims due to differing site conditions lead to several changes and delays/disruptions, the severity of these claims is high. Furthermore, similar studies conducted for hydropower projects in India and Vietnam discovered differing site conditions to be the primary cause of claims. Pillai and Kannan (2001) supports the findings of this study.


Table 4. Group Ranking of Causes of Claims



	Rank
	Cause of Claims

	Amount Claimed (USD)

	*Percent of Total Amount Claimed (%)

	Frequency (Out of 35 Claim Cases)

	Average Settlement Duration (Years)




	1

	Differing site condition
	19,059,710

	55

	11

	1.62




	2

	Delays of project participants
	5,923,803

	17

	3

	0.69




	3

	Changes in design and specification
	5,694,355

	16

	16

	0.75




	4

	Force majeure
	3,009,030

	9

	2

	1.63




	5

	Omissions/ambiguous contract provisions
	913,594

	3

	3

	1.64




	
	Total
	34,600,491

	100

	35

	




Note: *to the nearest whole number
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Notes: (1) Differing site conditions, (2) Delay from project participants, (3) Change in design and specifications, (4) Force majeure, (5) Omissions/ambiguous contract

Figure  3. Claim Causes: Amount and Frequency of Occurrence




The sub-groups that contributed to the claims for differing site conditions are provided in Table 5.


Table 5. (1) Adverse Geological Occurrence (AGO), (2) Change in Quarry (Inadequate Boulders) and (3) Differing Sub-Surface Condition Leading To Design Change



	Differing Site Conditions
	USD 19,059,710

	



	Adverse geological occurrence
	9,249,362

	49%




	Change in quarry site (Inadequate boulders)
	8,347,778

	44%




	Design modifications (Sub-surface condition)
	1,462,570

	7%





Nearly 50% of the claims due to differing site conditions resulted from adverse geological occurrences (AGO) in the tunnelling projects. This condition is where the rock type is much poorer than expected. It is characterised by a shear/faulted zone with excessive water seepage and rock fallout from the tunnel face. Additionally, the squeezing and convergence of the tunnels is an indicator of bad geology. The methods for tackling and providing support for such conditions differ from those of conventional conditions, which lead to additional work and delays/disruptions not only for the existing tasks but also for the succeeding tasks, which in turn culminates in various claims. The proposed solutions to prevent claims due to AGO are as follows: (1) Extensive geotechnical investigation during the detailed project investigation stage to establish reasonably correct geological underground information to be accordingly included in the initial BoQ and contract and (2) Special equipment and other resources needed to manage such AGO. The employer/contractor could have prior arrangements with the suppliers so that these resources could be mobilised at the earliest during such occurrences. This approach could prevent a delay in work and the ripple effect on succeeding projects.

Table 6 indicates that the delays from project participants resulted primarily from the owner side in the form of (1) Delay in handing over the site from preceding work, (2) Delay in making the site available for the next phase of work and (3) Late notice to proceed (delay in handing over the access roads). The major portion of the claims due to owner delay occurred from delay in making the site available due to delays from the preceding work (95%). Because certain tasks must be completed in sequence, the succeeding work cannot start before the prior work is completed; thus, the contractor claimed for loss of productivity of his workers, machinery and equipment, which was mobilised in accordance with the original schedule.

In this project, the client was required to construct access roads and transfer them to the contractor in accordance with the given schedule and specifications. In a few cases, the client could not make the access roads available to the contractor in the given time and in accordance with the required specifications due to unusual weather conditions, delays in getting the forest permits or Right of Way (RoW). Therefore, the contractor claimed for productivity loss of its dedicated resources, which were mobilised in accordance with the original plan.


The changes in design and specifications were the most frequent cause of claims (16 of 35 cases). Formal/directed changes from the owner were the primary cause of change claims, representing over 95% of the total changes; the remainder were constructive changes made at the site using alternate methods and materials to speed up operations.

Force Majeure (floods): The project site is situated in a subtropical region where there is heavy rain during the monsoon season. Road blockages due to landslides/soil erosion and floods due to the swelling of rivers are quite common during the monsoon season in Bhutan.


Table 6. Various Delays Caused by the Owner



	Delay of Project Participants (Owner)
	USD 5,923,803

	



	Delay in handing over of site from preceding contract work
	5,634,967

	95.12%




	Delay in making site available for next phase of work/impossible schedule
	272,081

	4.59%




	Late notice to proceed/delay in handing over (access roads)
	16,754

	0.28%





The monsoon in 2000 damaged significant amounts of infrastructure, which led to numerous construction projects being stalled for weeks or even months. Most access roads and service lines were cut off and tunnels at the work sites were flooded with water. Contractors experienced considerable losses of infrastructure and machinery to the flood and idleness of other equipment and resources for weeks and/or months due to the closure of the access road. The claims from the contractors were mostly in regards to the productivity loss of their resources and the rework that had to be performed for the damages caused by the flood. Moreover, there were design changes/modifications to cope with the new conditions exposed by the flood.

Claims due to omissions/ambiguous contract provisions amounted to approximately 3% of the total claim amount analysed. It appears that the contract for this project was well prepared because there were few claims due to ambiguous contracts.

MODE OF CLAIM SETTLEMENT AND DURATION

Only three of the 35 claim cases, which amounted to USD 1.89 million, went into arbitration, comprising 5% of the claims amount. The remaining claims, which amounted to USD 32.71 million, were dealt with through negotiation, of which USD 13.49 million were successfully resolved for payment. These findings support the study performed by Zaneldin (2006) in the UAE, which determined that more than 77% of claims are resolved using negotiation while only 5% of claims are resolved through litigation. This study also confirmed that most of the time contractors are reluctant to go to arbitration or litigation due to the long duration, high cost and high risk associated with this method of settlement.

Figures 4 and 5 provide the duration of claim settlements for each claim type and cause. The duration was considered from the day the contractor formally made the claim until the client made the final approval. The duration of the average claim settlement for impact claims and claims originating from omissions/ambiguous contract was 1.37 years and 1.64 years, respectively and these claims had the longest times with respect to the claim type and the source of claims.

Impact claims were associated with the delay and disruption costs that were cumbersome to quantify and were experienced throughout linking activities that referred to several clauses, therefore requiring more time. Conversely, change claims were primarily due to directed changes from the owner, which indicated that they were less disputed, based on actual quantity take-off and thus resolved more quickly.
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Figure  4. Claim types and settlement duration
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Figure  5. Claim causes and settlement durations



The fact that the claims arising from the omissions/ambiguity of contract clauses must be referred to a legal process for expert views of itself entails a considerable amount of time. Moreover, these claims are ones that were mostly disputed, could not be resolved by negotiation and had to be referred to arbitration, which prolonged the case. The claims resulting from differing site conditions and force majeure dealt with both change and impact claims that were cumbersome to address and had a longer duration. It was determined that a majority of the time was used to verify the basis of claims and their quantity calculations. The communications and correspondences between the parties until they reached a common agreement required a significant amount of time as well.

CAUSES OF CLAIMS IN DIFFERENT CONTRACT PACKAGES

The severity of the claim amounts across different contract packages was studied, as indicated in Table 7. Most claims due to differing site conditions were related to contract packages C–1 to C–5 and dealt with underground tunnelling projects. This result was primarily due to unforeseen adverse hydro-geological conditions that occurred underground. Electro-mechanical claims (underground Geographyical Information System [GIS] switchgear) were primarily from delays in handing over the site due to delays in the preceding civil tasks. This led to claims over idling charges of resources, which were mobilised in accordance with the original schedule: financial implications due to these delays, such as charges for extensions of performance, bank guarantees, insurance policies, interest charges and cost escalation and claims for acceleration programmes.


Table 7. Amount of Claims in Different Contract Packages from Various Sources of Claims



	Contract Package
	Amounts Claimed for Different Causes of Claims (USD)




	Differing Site Conditions

	Delay from Project Participants

	Change in Design and Specifications

	Force Majeure (Flood)

	Omissions/
Ambiguous Contract




	Civil C–1
	 
	 
	2,932,112

	 
	414,305




	Civil C–2
	6,343,228

	272,081

	1,671,153

	 
	499,289




	Civil C–3
	7,638,244

	 
	 
	644,687

	 



	Civil C–4
	2,413,425

	 
	 
	 
	 



	Civil C–5
	2,572,239

	16,754

	 
	2,364,343

	 



	Electro-mechanical
	92,574

	5,634,967

	884,493

	 
	 



	Hydro-mechanical
	 
	 
	206,596.35

	 
	 



	Total
	19,059,710

	5,923,803

	5,694,355

	3,009,030

	913,594





CONCLUSION

The primary objective of this study was to determine the different claim types and causes that occurred in the construction of a large-scale hydroelectric project in Bhutan. For each claim type and cause, analyses were performed for claim severity and frequency of occurrence.

The types of claims could be grouped under two types: Change Claims (23 of 35) and Impact Claims (12 of 35). The various identified causes of claims were combined into five (5) broad groups. The dominant cause of claims was from differing site conditions (55% of claim amount), which resulted in both changes and delays that led to several claims.

Negotiation was the primary mode of claim settlement used in this project and was determined to be the most effective in terms of cost and time. More than 95% of the claim cases were settled through negotiation and approximately 5% were dealt with by arbitration.

The duration of the claim settlement varied from a minimum of six (6) months to as long as four (4) years. The claims that were settled through negotiation took considerably less time than the arbitration cases, which took up to four (4) years. Most of the cases that took longer to settle were because of omissions or ambiguous/conflicting contract provisions/clauses (1.64 years) and claims due to force majeure (1.63 years).

All claims originated from the contractors. Overall, 39% of the amount claimed was successfully resolved for payment while 61% was unsuccessful. The various reasons for the high rejection of claims were as follows: (1) Quantity difference between the contractor’s claim amount and the actual site executed, (2) Ghost work, where some tasks were not executed but were claimed by the contractor, (3) Incompatibility with required contract provisions and (4) Disputed/unwarranted claims that needed to be referred to a higher level for settlement but were later dropped by the contractor.

A significant portion of claims occurred in Civil Construction Packages (C-1 to C-5), with over 81% of the claim amounts and differing site condition claims being more prominent in underground civil (tunnelling) projects.

RECOMMENDATIONS FOR FURTHER STUDIES

1.      The study of claims should be expanded to more hydropower projects (large and small, existing and ongoing/future) in Bhutan to obtain a holistic picture of the overall claims situation.

2.      Structured interviews and questionnaire surveys of the project participants should be conducted to assess sentiments regarding claims issues and obtain recommendations for minimising claims.
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Abstract: The housing industry is one of the major contributors to the economy in Malaysia due to the constantly high housing demand. The housing demand has increased due to the rapid growth in population and urbanisation in the country. One of the major challenges in the housing industry is the late delivery of housing supply, which in some instances leads to sick and abandoned housing projects. Despite being extensively investigated, this delay is still a common phenomenon of the housing industry in Malaysia. As delay in delivery could result in a negative impact, there is a strong need to review the housing delay mitigation measures practised in Malaysia. This paper aims to evaluate the current delay mitigation measures and its main objective is to explore the relationship between the mitigation measures and delay in housing via a Structural Equation Modelling (SEM) approach. A questionnaire survey through an online survey tool was conducted across 13 states and three Federal Territories in Malaysia. The target respondents are the local authorities, developers, consultants (principal submitting persons) and contractors. The findings show that 17 mitigation criteria can be extracted using principal component analysis. These measures were categorised as predictive, preventive, organisational or corrective. This paper demonstrates that preventive measures are the most influential mitigation measures for housing delivery delay.

Keywords: Structural equation modelling, Delay mitigation, Housing delivery, Malaysia

INTRODUCTION

Housing is a major issue for every nation because it is a basic need for every citizen. Housing is viewed from different perspectives, such as investment, social and economic. Among the issues related to housing include whether state/government or the market should play a primary role in housing provision. The government in some countries plays an active role in addressing housing problems, as it can be used as a political weapon in determining which party will run the country. Hence, the failure to overcome housing problems could lead to political catastrophe. Most research agrees that there are several common problems inherently associated with the housing issue. As identified by Bourne (1981), the most probable reason is that housing is a real physical artefact. Despite its visibility and usage as a shelter in our daily lives, it is immensely diverse, complex and closely interrelated with its social-economic, political and neighbourhood environment.

Urbanisation and industrialisation brought about the housing dilemma as the process involved the migration of local rural or foreign migrants to urbanised areas for better opportunities. The broken linkage between the demand for housing and supply has worsened the scenario due to the insufficient supply of housing and high house prices (Aminah and Azimah, 2004).


Issues pertaining to housing are major concerns for most households in Malaysia. Although the demand and supply chain of housing are factors in all property markets, the ability of construction parties to sustain the demand for housing has become a major issue in the country (Aminah and Chai, 2012). There are complaints regarding project abandonment, rejection of planning approvals, delays in hand-overs, poor quality and workmanship, reluctance to pay compensation for late delivery, rework, and conflict, as highlighted by the Ministry of Housing and Local Government of Malaysia (Ministry of Housing and Local Government [MHLG], 2013). The problems have involved different parties (local authorities, developers, consultants and contractors) and occurred at different stages of housing delivery (development approval, design, construction and handing over).

In housing projects, the deliverance of completed housing units is crucial to the pursuit of fulfilling the “promise” stipulated in the Sales and Purchase Agreement between the developers and buyers. Thus, time management issues are currently given significant attention in relation to housing delivery. Several researchers and practitioners involved with the industry have stressed the fact that time has its own essence and has proven to be one of the most important factors for the success of the housing industry. Additionally, the revenue of the industry depends greatly on the time taken by the housing businesses (Soon, 2010). It is noted that housing delays in the construction sector have become a norm due to their frequent occurrence and uncontrollable measures.

The above discussion leads to the major concern regarding whether the delay in housing project undertakings has been well investigated, and if so, the question is whether delays have been given serious consideration by the housing sector’s players. As all realise that the impact of delays on stakeholders could be financially and physiologically disastrous, efforts should be made to explore the possibility of mitigating and compensating for the damages accrued to the stakeholders. Finally, the question to be addressed is whether Malaysia has appropriate measures, administratively and legally, to address the common sources of delay. If so, have these measures been exercised effectively in this country? It is essential to review the current delay mitigation practices in the Malaysian housing industry and examine the effectiveness of such mitigation measures in mitigating housing delivery delay.

This paper explores the delay mitigation of housing delivery measures in Malaysia. The study further investigates the interrelationship of the mitigation measures in relation to housing delays.

DELAY

According to the Oxford Dictionary, delay is defined as lateness or slowness, postponement or deferral. Although prior research defined delays using different terminologies, the same idea was intended. This is mainly due to the term’s global use, affecting not only the construction industry but the overall economy as well. Delays in the construction industry are practically defined in terms of contract delay, construction, the client and even the effects of the delays.

Delay in terms of the construction contract has no precise meaning but characterises the condition of the project execution. Thus, the term is widely used to describe the postponement or extension of time for any activities in a project (Braimah, 2008).

Previous studies defined delay as time overruns that go beyond the completion date as specified in the contract document or beyond an extension of time granted (Assaf, Al-Khalil and Al-Hazmi, 1995; Muhd Zaimi, 1997; Fugar and Agyakwah-Baah, 2010). However, Bartholomew (1998) introduces a different view of delay, in which the progress of work has not entirely stopped but has slowed down. His perception emphasises the slowing of progress, as opposed to that of others who focused on the postponement and stoppage of work.

Nunally (1980) simplifies construction delays by showing construction activities, completion dates, and delays in a figure form. Figure 1 shows the philosophy of delay in the construction industry, which is essential in assisting stakeholders in identifying the causes and types of delays.
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Figure  1. Philosophy of Delay in the Construction Industry



In brief, construction delay is defined as follows (Pickavance, 2005):


	Delay causing the postponement of one or more completion dates,

	Prolongation of the contractor’s and/or subcontractor’s time-related costs,

	Delay to progress causing loss and/or expense to be suffered by contractors or subcontractors,

	Reduction in productivity (or disruption) causing loss and/or expense to be suffered by contractors and/or subcontractors.


A proper understanding of delays is essential for the contractors, subcontractors, and the developers, as well as the owners. If issues of delays are unable to be solved by these parties, then involvement of the government or other third parties might be needed. This might include laws and legal procedures as well. Thus, it is necessary to choose suitable techniques and processes for the completion of the construction work while also considering all the relevant facts, probable causes of delays, time of delivery, and the potential conflicts that might take place so as to take preventive measures to overcome difficulties associated with these factors (Keane and Caletka, 2008).


DELAY IN HOUSING DELIVERY IN MALAYSIA

Delay in the context of housing delivery refers to the entire process of construction and delivery of the housing and buildings to the customers. There might be buyers of a house who need the house within a specific timeframe because they are timing ending their rental agreements. In such cases, the timely delivery of the house becomes highly essential. Inspections are part of the construction and delivery process. However, if the inspection activity is called for before the completion of the work or too long after its completion or if there is a failure in the process, it might lead to delay. Delays are also caused by subcontractor involvement in the construction and delivery because they may try to manage several projects together. Moreover, there could be unpredictable issues leading to delays in the shipping of the materials that a construction factory ordered (Bennett, 2012).

There are numerous causes that might lead to delays that need to be considered before deciding on the completion and delivery time of the housing. Time is the most significant part of the housing construction industry. Being unable to maintain time constraints is the definition and cause of delay in the housing delivery system. The causes include those caused by authorities, developers, consultants and external factors.

The general perception in the construction industry is that delay is common in the project cycle. Considering the issues of delays, there are detailed provisions as well as events referenced in different clauses of the contracts. Events unusually mentioned include bad weather, damages caused by floods or fires, upheavals in the public, strike or lockout, problems conforming with the architect’s instructions, delay in supply of information from the designer, delays on the part of selected subcontractors or suppliers, delays on the part of artists, tradesmen or others engaged by the employer in executing their work, delay in the supply of materials and goods, opening up and inspection of covered works, and breach of contract by the employer (Mohammed Alias, Noraziah and Zulhairuse, 2007).

It is observed that the problems of delays in the construction and delivery of housing in Malaysia have been more prevalent in the Sell-Then-Build system of housing delivery where the customers pay for the houses before the houses even begin to be constructed. Late delivery of houses is a significant issue in this context. The completion of the house and hence the timely delivery of the house to the customers is significantly delayed later than the date mentioned in the agreement of purchase (Ng, 2007).

The weaknesses of the Sell-Then-Build concept of housing in Malaysia can be understood from the statistics computed by MHLG, in that there were 115 abandoned housing projects reported in Malaysia from 2003–2008. The 2011 late and sick projects are presented in the following Table 1.

A sick project is a project that results from project delay. Sick projects with extensive critical delays will be abandoned. To prevent sick projects, government institutions and construction-related professional bodies have taken the initiative to improve the provision of the contract form to allow a certain extension of time to the contractor.

It is agreed that delays occur in every stage of the housing delivery system, i.e., the development approval process, construction stage, and handing over stage. Figure 2 shows the delay factors in the housing delivery system in Malaysia. As housing delivery is a concern, this research focuses on the mitigation measures that will be discussed in a later section.


Table 1. Numbers of Late and Sick Projects in Malaysia



	State
	December 2011
	April 2013




	Late

	Sick

	Late

	Sick

	Recovering




	Perlis
	–

	1

	–

	–

	 



	Kedah
	–

	17

	–

	13

	5




	Penang
	2

	10

	4

	10

	4




	Perak
	2

	8

	–

	7

	1




	Selangor
	18

	86

	11

	78

	17




	Federal Territory
	8

	11

	–

	6

	1




	Negeri Sembilan
	3

	5

	–

	11

	4




	Malacca
	4

	5

	–

	3

	2




	Johor
	9

	30

	9

	21

	9




	Pahang
	3

	19

	7

	16

	2




	Terengganu
	1

	15

	–

	10

	–




	Kelantan
	3

	28

	–

	16

	1




	Total
	50

	235

	31

	191

	46





(Source: MHLG, 2013).
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Figure  2. Housing Delivery Delay Systems in Malaysia




DELAY MITIGATION

Despite numerous project control techniques and the availability of project control software, project teams still struggle to meet their time and cost objectives. Project delays are still inevitable in projects, although numerous mitigation plans are taken into consideration. Mitigation efforts are important to minimise the losses, and this can be achieved by predicting and identifying the problems in earlier stages and thereby diagnosing the delay causes to locate and execute the most appropriate economical resolutions. Construction projects are segmented and complicated and involve more variables and uncertainties due to excessive construction activities. This increases the probability of delay occurrence, which makes effective project management important to prevent the diversion of the planned schedule (Ng, 2007).

Previous studies have discussed typical delay mitigation plans in the construction industry to provide a better understanding to construction parties, such as Abdul Rahman et al. (2006) which discusses delay mitigation in the Malaysian construction industry. His research team proposed a quality management system and enhancement of project communication and coordination among the project. Abedi, Fathi and Mohammad (2011) reviewed previous project success factors in the literature and identified 30 delay mitigation methods in practice. Olawale and Sun (2010) classified delay mitigation measures into predictive measures, preventive measures, corrective measures and organisational measures. The following table tabulates the mitigation measures suggested by the researchers.


Table 2. Mitigation Measures



	No.
	Mitigation Measures

	Sources




	1
	Comprehensive contract documentation
	Abdul Rahman et al. (2006); Olawale and Sun (2010); Kasimu and Abubakar (2012)



	2
	Hire an independent supervising engineer to monitor the project
	Abdul Rahman et al. (2006)



	3
	Multidisciplinary/competent project team
	Abdul Rahman et al. (2006); Olawale and Sun (2010); Smart Market Report (2011)



	4
	Accurate initial time estimates
	Ng (2007); Abdul Rahman et al. (2006); Love et al. (2000)



	5
	Use up to date technology
	Abdul Rahman et al. (2006); Olawale and Sun (2010)



	6
	Accurate initial cost estimates
	Abdul Rahman et al. (2006); Olawale and Sun (2010); Kasimu and Abubakar (2012); Love et at. (2000); Smart Market Report (2011)



	7
	Perform a preconstruction planning of project tasks and resource needs
	Ng (2007); Abdul Rahman et al. (2006); Abedi, Fathi and Mohammad (2011); Olawale and Sun (2010)



	8
	Allocation of sufficient time and money at the design phase
	Ng (2007); Abdul Rahman et al. (2006); Abedi, Fathi and Mohammad (2011); Kasimu and Abubakar (2012); Smart Market Report (2011)



	9
	Effective strategic planning
	Abdul Rahman et al. (2006); Abedi, Fathi and Mohammad (2011); Olawale and Sun (2010); Kasimu and Abubakar (2012)



	10
	Clear information and communication channels
	Abdul Rahman et al. (2006); Abedi, Fathi and Mohammad (2011); Olawale and Sun (2010)



	11
	Developing professional and skilful human resources in the construction industry through proper training and classification of craftsmen
	Ng (2007); Abdul Rahman et al. (2006); Abedi, Fathi and Mohammad (2011); Olawale and Sun (2010)



	12
	Systematic control mechanism
	Ng (2007); Abdul Rahman et al. (2006); Olawale and Sun (2010)



	13
	Acceleration of site activities
	Abdul Rahman et al. (2006); Smart Market Report (2011)



	14
	Ensuring timely delivery of materials
	Abdul Rahman et al. (2006)



	15
	Enforcing liquidated damage clauses
	Abdul Rahman et al. (2006); Smart Market Report (2011)



	16
	Availability of resources
	Abdul Rahman et al. (2006); Abedi, Fathi and Mohammad (2011)



	17
	Ensuring adequate and available sources of financing for the entire project
	Abdul Rahman et al. (2006)



	18
	Adopting a new approach to the contract award procedure by giving more weight to the capabilities and past performance of contractors
	Abdul Rahman et al. (2006); Olawale and Sun (2010)



	19
	Selection of a competent consultant and a reliable contractor
	Abdul Rahman et al. (2006); Kasimu and Abubakar (2012)



	20
	Commitment to projects
	Abdul Rahman et al. (2006); Olawale and Sun (2010)



	21
	Competent project manager
	Abdul Rahman et al. (2006); Olawale and Sun (2010)



	22
	Frequent progress meetings
	Ng (2007); Abdul Rahman et al. (2006); Olawale and Sun (2010)



	23
	Offering incentives for early completion
	Abdul Rahman et al. (2006)



	24
	Absence of bureaucracy
	Abdul Rahman et al. (2006)



	25
	Adopting new procurement
	Abdul Rahman et al. (2006)



	26
	Awarding bids to the right/experienced consultant and contractor
	Abdul Rahman et al. (2006); Abedi, Fathi and Mohammad (2011); Olawale and Sun (2010); Kasimu and Abubakar (2012)



	27
	Proper emphasis on past experience
	Abdul Rahman et al. (2006); Abedi, Fathi and Mohammad (2011); Olawale and Sun (2010); Smart Market Report (2011)



	28
	Community involvement
	Abdul Rahman et al. (2006)



	29
	Contingency allowance
	Abdul Rahman et al. (2006); Abedi, Fathi and Mohammad (2011); Smart Market Report (2011)




Predictive Measures

Prediction is defined as estimating whether something will happen in the future, making something known in advance by using tactical knowledge or declaring a situation in advance through basic observation and experience (Oxford Dictionary and Merriam-Webster dictionary). The predictive measures are then defined as proposals, plans, steps and suggestions taken into consideration proactively before the projects start. From the project management point of view, predictive measures minimise the disruption of project operation while allowing for budgeted, scheduled time for reaction (Aftab, Ismail and Ade Asmi, 2012). Project delays have become the industry norm in Malaysia, and allowances are made to capture the inevitable delays in construction projects. Predictive measures in the construction industry provide a delay allowance to prevent affecting the project completion time. Such allowances are normally allocated beyond the critical path of the project.

The predictive measures are identified through a predictive analytical process based on future behaviour characteristics. They are concerned with forecasting probabilities and trends that create dummy delays to avoid delays on critical path activities. The data are collected from relevant predictors who have experienced the delays in previous construction projects.

Preventive Measures

According to the Oxford Dictionary, preventive is defined as keeping something undesirable from occurring. Webster’s Dictionary additionally defines preventive as “precautionary”. Preventive measures against housing delivery delays refer to precautionary measures that are prepared as a defence against inhibiting factors. These measures are active measures that are implemented during the planning stage of a project. Preventive measures are always favourably put into practice by construction parties before construction to minimise project risk. Any project risk in the project can lead to project delay, which puts pressure on the project time and cost.

In terms of project management, preventive measures are defined as scheduled maintenance action plans aimed at preventing breakdowns, delays and failures (Aftab, Ismail and Ade Asmi, 2012). Preventive measures are based on the prediction of problems to avoid their occurrence through self-initiated actions and analysis procedures. The initiative to provide better preventive measures can involve the active participation of staff through the contributions of the team, improvement of knowledge sharing, management reviews and feedback. Construction players have learned lessons to minimise project delays through experience in previous projects. Experience and project documentation play a vital role in preventive measures, as the majority of project delay factors are fundamentally similar.

Corrective Measures

Correct is defined as to counteract, rectify, alter, or adjust to bring a situation back to its required condition (Merriam Dictionary, Oxford Dictionary). Corrective measures are used to mitigate the effects of project controlling factors by acting as a remedy. Corrective measures normally take place after an event to eliminate the cause of a detected nonconformity or another undesirable situation. These measures are used to handle delays after the occurrences to stop, track, and reduce the effects of the delay (Abedi, Fathi and Mohammad, 2011). Corrective measures normally take action after the root causes are identified. Delays in construction have long been discussed, and delay causes have been tabulated to simplify their identification process. Corrective measures can be further classified as corrective predictive measures, which remedy the current situation and predict upcoming issues based on the current scenario, or corrective preventive measures, which are meant to correct the current issues and at the same time prevent the same problem from occurring in the future.

Organisational Measures

As discussed in the previous section, organisation is defined as a group of people with a particular interest who normally have collective goals in achieving the same target (Oxford Dictionary). Organisations in the construction industry are segmented due to the involvement of several construction parties with different interests. Thus, a temporary organisation itself has a high potential for causing project delays due to communication and coordination factors and decision-making by different parties. To effectively control and mitigate the delay issues resulting from the segmented construction organisation, Olawale and Sun (2010) and Abedi, Fathi and Mohammad (2011) suggested targeting the particular company organisation rather than focusing on the temporary construction team. Thus, organisational measures in delay mitigation play an important role to controlling the effects of project delay due to the company’s beliefs, orientation, management style or philosophy, which normally will not affect only one project but rather can affect all projects being undertaken by the company.


RESEARCH METHOD

This review on housing and related issues in Malaysia is intended to clarify some fundamental concerns in this area of research. The background understanding of the survey and highlighted issues also significantly contributed to the development of the questionnaire.

A total of 400 sets of questionnaires were distributed to local authorities, developers, consultants and contractors in Malaysia. A total of 132 completed questionnaires were received, representing a 33% response rate. According to Fellows and Liu (1997), the normal expected usable response rate ranges from 25%–35%, so the response rate for this study is considered acceptable.

There are many techniques that can be employed to evaluate the relationship between mitigation measures and housing delivery delays, such as linear regression techniques, analysis of variance (ANOVA) and multivariate analysis of variance (MANOVA). One of the main reasons that this study employs structural equation modelling (SEM) lies with its capability of modelling the relationships among multiple independent and dependent constructs simultaneously (Zainudin, 2012) compared to the aforementioned techniques that can analyse only one layer of linkage between independent and dependent variables at a time. As the mitigation measures involve various factors, it is the contention of this study that SEM yields a better outcome than those other techniques.

A sample size of 132 for SEM is considered acceptable, as the minimum sample size suggested in the literature is not less than 100 (refer to Table 3). Moreover, a review of construction-related SEM studies (refer to Table 4) suggests a size less than 200. Some studies use even fewer than 100 samples. Based on this, the collected sample size is adequate to proceed with SEM to evaluate the relationship between mitigation measures and housing delivery delay.


Table 3. Recommended Sample Sizes



	No.
	Author

	Recommended Sample Size




	1
	Gorsuch (1983)
	At least five responses per construct, no fewer than 100 individuals per analysis



	2
	Anderson and Gerbing (1984)
	Between 100 and 150



	3
	Hatcher and Stepanski (1994)
	At least five times the latent variables or a minimum of 100



	4
	Hutcheson and Sofroniou (1999)
	Between 150 and 300



	5
	Bagozzi and Yi (2012)
	Above 100, preferably above 200



	6
	Zainudin (2012)
	Minimum of 100 for fewer than five latent variables, minimum of 300 for fewer than seven latent variables





Table 4. Construction Management Related Studies using SEM



	No.
	Title

	Author

	Sample Size

	Software




	1
	Impact of project performance
	Zulu (2007)
	63

	Amos



	2
	Project planning effectiveness
	Mainul Islam and Faniran (2007)
	52

	Amos 4.0



	3
	Factors influencing architect trust
	Ding, Ng and Wang (2009)
	130

	Amos 6.0



	4
	Organisation and project performance
	Wong, Cheung and Fan (2009)
	83

	Amos 5.0



	5
	Risk in international construction projects
	Eybpoosh, Dikmen and Birgonul (2011)
	166

	EQS 6.1



	6
	Factors affecting delay
	Doloi, Sawhney and Iyer (2012)
	77

	Amos 19



	7
	Cost overrun
	Aftab, Ismail and Ade Asmi (2012)
	157

	PLS 2.0





Table 5. KMO and Bartlett’s Test



	KMO and Bartlett’s Test



	Kaiser-Meyer-Olkin measure of sampling adequacy (KMO)
	0.822



	Bartlett’s test of sphericity
	Approx. chi-square
	1.570 E3



	 
	df
	406



	 
	Sig.
	0.000





Table 6. Reliability Statistics



	Reliability Statistics
	



	Cronbach’s Alpha
	N of items



	0.936
	29




The Kaiser-Meyer-Olkin measure of sampling adequacy varies from 0 to 1. A value close to 1 indicates that the patterns of correlation are compact, so the factor analysis will yield a reliable factor. Values between 0.8 and 0.9 are considered great, as they indicate that an appropriate factor analysis can be performed.

Bartlett’s test of sphericity is used to determine whether factor analysis is appropriate to be carried out on data through its significance. A significant value of less than 0.05 indicates that the test is significant and factor analysis could be performed. Both KMO and Barlett’s test in this study meet the minimum requirements, as it has been proven that the factor analyses performed are appropriate and significant (refer to Table 5 and Table 6).


ANALYSIS AND DISCUSSION

A survey of four parties was carried out via structured questionnaire. Principal Component Analysis (PCA) was selected to analyse the criticality of the delay factors to the delay mitigation measures. PCA was conducted with 29 mitigation measures identified from the literature, and a Likert Scale (1 to 5) was used to collect relevant opinions from the respondents.

By referring to Table 2, there are 29 mitigation measures identified from the literature. Seventeen mitigation measures were extracted from PCA and classified into four components, preventive, predictive, organisational and corrective measures, as shown in Table 7.


Table 7. PCA Mitigation Measures



	Rotated Component Matrix




	
	
	Component




	Code
	
	Prevent.

	Predict.

	Org.

	Correct.




	M1
	Comprehensive contract document
	0.782

	 
	 
	 



	M2
	Hire an independent supervising engineer to monitor the project
	 
	 
	0.712

	 



	M3
	Multidisciplinary/competent project team
	0.710

	 
	 
	 



	M4
	Accurate initial time estimates
	 
	0.695

	 
	 



	M9
	Effective strategic planning
	0.603

	 
	 
	 



	M10
	Clear information and communication channels
	0.635

	 
	 
	 



	M12
	Systematic control mechanism
	 
	0.711

	 
	 



	M13
	Acceleration of site activities
	 
	 
	0.611

	 



	M14
	Ensure timely delivery of materials
	0.724

	 
	 
	 



	M15
	Enforcing liquidated damage clauses
	 
	 
	 
	0.658




	M16
	Availability of resources
	0.616

	 
	 
	 



	M18
	New procurement by giving more weight to the capabilities and past performance of contractors
	 
	 
	0.680

	 



	M19
	Selection of a competent consultant and a reliable contractor
	0.656

	 
	 
	 



	M20
	Commitment to projects
	 
	0.746

	 
	 



	M25
	Adopting new procurement
	 
	 
	0.619

	 



	M27
	Proper emphasis on past experience
	 
	0.638

	 
	 



	M29
	Contingency allowance
	 
	 
	 
	0.633






PCA is also known as confirmatory factor analysis (CFA) in SEM. Seventeen extracted mitigation measures were grouped into four categories, presented in SEM format in Figure 3. The figure explains the relationship among the preventive measures, predictive measures, organisational measures and corrective measures that are directly inter-related to housing delay.

The model validity is tested through the model fitness indexes. A model should at least meet one of the fitness requirements in each category of absolute fit, incremental fit and parsimonious fit (Zainudin, 2012). By referring to Table 7, the model has successfully met the requirements except for the Tucker Lewis Index (TLI). However, the model remains fit because comparative fit index (CFI) and TLI fall in the same category of incremental fit. As mentioned, the model is considered fit as long as one of the requirements in each category is achieved.

The next step is to examine the regression weight of the housing delay mitigation measure model. In most cases, the primary developed model is unstandardised due to the unconstrained model estimation. Therefore, a comparison between an unstandardised model and a standardised model is needed to verify the changes. In addition, the model shown in Figure 3 is a standardised model, in which the standardised regression weight summary is shown in Table 9.

Table 9 shows the unstandardised regression weight of the housing delay mitigation measures model. All of the critical ratios in Table 8 are above +1.96, which indicates that the weights are statistically significant at the 0.05 level of statistical significance (at alpha = 0.05, critical ratios that fall between –1.96 and +1.96 are not statistically significant). Due to the unconstrained model estimation, the unstandardised path coefficients are not directly comparable to each other within the same model, so standardisation is needed. Table 9 shows the standardised regression weight representing the change in the dependent variable given a standard deviation unit change of the predictor variable.


Table 8. Index Category and Level of Acceptance for Fitness Indexes



	Category
	Index
	Zainudin (2012)

	Bagozzi and Yi (2012)

	Singh (2009)




	Absolute fit
	Chi-square
	> 0.05

	 
	 



	 
	Root mean square of error approximation
	< 0.08

	≤ 0.05 to ≤ 0.08

	≤ 0.10




	Incremental fit
	Comparative fit Index
	> 0.90

	≥ 0.93

	0 to 1




	 
	Tucker Lewis Index
	> 0.90

	≥ 0.92

	≥ 0.95




	Parsimonious fit
	Chi-square/Degree of freedom
	< 5.0

	0–2

	1–2
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Figure  3. Structural Equation Model of Housing Delay Mitigation Measures




Table 9. Unstandardised Regression Weights



	 
	 
	 
	Est.

	S.E

	C.R.

	P




	Delay
	<---
	Predictive
	1.000

	 
	 
	 



	Delay
	<---
	Preventive
	1.000

	 
	 
	 



	Delay
	<---
	Corrective
	1.000

	 
	 
	 



	Delay
	<---
	Organisational
	1.000

	 
	 
	 



	M04
	<---
	Predictive
	1.000

	 
	 
	 



	M12
	<---
	Predictive
	1.101

	.149

	7.399

	***




	M20
	<---
	Predictive
	.917

	.142

	6.446

	***




	M27
	<---
	Predictive
	.796

	.129

	6.151

	***




	M19
	<---
	Preventive
	1.000

	 
	 
	 



	M16
	<---
	Preventive
	.803

	.104

	7.709

	***




	M14
	<---
	Preventive
	.913

	.119

	7.700

	***




	M10
	<---
	Preventive
	.883

	.126

	6.996

	***




	M09
	<---
	Preventive
	.816

	.112

	7.319

	***




	M03
	<---
	Preventive
	.811

	.110

	7.381

	***




	M01
	<---
	Preventive
	.715

	.107

	6.672

	***




	M29
	<---
	Corrective
	1.000

	 
	 
	 



	M25
	<---
	Organisational
	1.043

	 
	 
	 



	M18
	<---
	Organisational
	.760

	 
	 
	 



	M013
	<---
	Organisational
	.816

	 
	 
	 



	M02
	<---
	Organisational
	.792

	 
	 
	 



	M15
	<---
	Corrective
	2.207

	1.015

	2.175

	.030





Notes: Est. = Estimation; S.E = Standard Error; C.R = Critical Ratio; P = z/t hypothesis

The purpose of a standardised weight (Table 10) is to assess the relative contribution between a predictor variable and an outcome variable. A standardised weight with an absolute value greater than 0.10 indicates a small effect, values of more than 0.30, a medium effect, and those greater than 0.50, a large effect (Kline, 1998).

From the above discussion, it is shown that the predictive, preventive and organisational measures moderately contribute to the mitigation of housing delay, while corrective measures have slightly less influence. This might be due to the nature of the corrective measures that are implemented after a delay incident, while the best mitigation measures avoid delay.


Table 10. Standardised Regression Weights



	 
	 
	 
	Estimate



	Delay
	<---
	Predictive
	.298



	Delay
	<---
	Preventive
	.351



	Delay
	<---
	Corrective
	.149



	Delay
	<---
	Organizational
	.322



	M04
	<---
	Predictive
	.794



	M12
	<---
	Predictive
	.782



	M20
	<---
	Predictive
	.687



	M27
	<---
	Predictive
	.658



	M19
	<---
	Preventive
	.781



	M16
	<---
	Preventive
	.771



	M14
	<---
	Preventive
	.771



	M10
	<---
	Preventive
	.711



	M09
	<---
	Preventive
	.739



	M03
	<---
	Preventive
	.744



	M01
	<---
	Preventive
	.683



	M29
	<---
	Corrective
	.410



	M25
	<---
	Organizational
	.766



	M18
	<---
	Organizational
	.686



	M13
	<---
	Organizational
	.615



	M02
	<---
	Organizational
	.602



	M15
	<---
	Corrective
	.748




CONCLUSION

This paper has made a contribution to the body of knowledge by examining the relationship between mitigation measures and housing delivery delay. Preventive measures, predictive measures, organisational measures and corrective measures are well known among construction players. However, the majority of them blindly implement mitigation measures without knowing what, when, where and how. This paper plays an important role in categorising the existing mitigation measures in the industry and justifying the most effective measures to mitigate housing delay.

It is discovered that preventive measures are the most effective mitigation measures practiced in Malaysia, as they recorded the highest index coefficient in the SEM model. There are seven mitigation methods classified as preventive measures, namely a comprehensive contract document, competent project team, effective strategic planning, clear information and communication channels, ensuring timely delivery of materials, availability of resources and lastly, selection of a competent consultant and a reliable contractor. As preventive measures are predictions of problems to avoid the occurrence of delays through systematic precautions and past experience, construction players should emphasise evaluating past projects and strategic planning to enhance housing delivery performance.

The limitation of the study lies with its small sample size. Although the sample size is sufficient for the purpose of SEM, it does not represent the real scenario of the housing industry in Malaysia. However, the contribution of this paper should not be ignored, as it is provides a general outlook of the current housing industry where mitigation is concerned.
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Abstract: Palm Oil Fuel Ash (POFA) is used as a supplementary cementitious material in concrete. Using different percentages of POFA leads to a non-linear variation among the characteristics of concrete. This study aims at developing an empirical model to predict the compressive strength of concrete using POFA as a cement replacement material and other properties of the concrete such as the slump and modulus of elasticity using an artificial neural network. Mixtures of concrete were selected with water-to-binder ratios of 0.50, 0.55 and 0.60, and 10%, 20%, 30% and 40% of the cement content was POFA. The 28-day compressive strength was tested, and the experimental results show that 0%–20% of POFA inclusion in the concrete mixtures has the most positive effects on the compressive strength. Then, a three-layer feed forward-back propagation ANN model with three inputs and three outputs was developed. Finally, the best architecture for the model was trained, tested and validated.
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INTRODUCTION

It is known that carbon dioxide (CO2) from cement is one of several causes of global warming. Approximately 5% of total CO2 emission is released into the atmosphere, and approximately 0.7 t–1.1 t of CO2 is emitted for every ton of produced cement (Bosoaga, Masek and Oakey, 2009). To reduce the amount of CO2 emission, cement manufactures can help by improving the production process. For concrete production, one solution is the reduction of the cement content in concrete by using supplementary cementitious materials such as fly ash, blast-furnace slag, silica fume, metakaolin, natural pozzolans, and biomass ash to replace cement.

Palm oil is extracted from the fruit and copra of the palm oil tree. After the extraction process, palm oil fibres, shells, and empty fruit brunches as waste products are burnt as biomass fuel to boil water, which generates steam for electricity and the extraction process in palm oil mills. The remaining substance is Palm Oil Fuel Ash (POFA), which is approximately 5% by weight of the solid-waste products. This waste is not used and mostly must be disposed in landfills, which cause some environmental problems (Nochai and Nochai, 2007).

However, many researchers have found that POFA can be used in the construction industry, specifically as a supplementary cementitious material in concrete (Abdul Awal and Mohd. Warid, 1997; Sata, Jaturapitakkul and Kiattikomol, 2004; Sukantapree, Namarak and Jaturapitakkul, 2002; Tay, 1990; Mohd. Warid and Abdul Awal, 1997; Abdul Awal and Mohd. Warid, 2011; Abdul Awal and Shehu, 2013; Chandara et al., 2012; Jaturapitakkul et al., 2011; Johari et al., 2012; Kroehong et al., 2011; Moruf Olalekan et al., 2014a, 2014b). In 1990, Tay investigated the use of ash derived from palm oil waste incineration to make blended cement; the results showed that replacing 10%–50% ash by weight of the cementitious material in blended cement had no significant effect on the segregation, shrinkage, water absorption, density, or soundness of concrete.

Mohd. Warid and Abdul Awal (1997) studied the compressive strength of concrete with POFA. The results showed that it was possible to include POFA at a level of 40% without affecting the compressive strength. In addition, Abdul Awal and Mohd. Warid (1997) showed that POFA had a good potential for suppressing expansion because of the alkali-silica reactions.

According to Sumadi and Mohd. Warid (1995), unground POFA, used up to 20% as a cement replacement, has no adverse effect on the strength characteristics and has a durability factor that is at least comparable to that of OPC concrete. Ground POFA provides much higher compressive strength than unground POFA because of significant differences in particle size and fineness. The ground POFA with high fineness is a reactive pozzolanic material and can be used to make high-strength and high-performance concretes (Sata, Jaturapitakkul and Kiattikomol, 2004).

It is well recognised that the prediction of concrete strength is important in in its judgment in modernised concrete construction and engineering (Deepa, Sathiyakumari and Sudha, 2010). Conducting numerous experimental studies to identify the properties of concrete are usually time consuming and require a huge amount of resources and excessive workloads. Although many new prediction methods were developed in the last decade to address this issue by investigating the compressive strength of concrete based on empirical data, there is no prediction model for concretes with POFA as a cement replacement material. However, some previous efforts to develop a predictive model for POFA-containing concrete used linear statistical methods that did not seem sufficiently reliable for different compositions of concrete components.

This study aims at developing an empirical model to predict the significant characteristics of concrete with POFA as a cement replacement material using an artificial neural network.

EXPERIMENTAL STUDIES

To conduct this experimental study, the following steps were considered.

Raw Materials


	Cement: ordinary Portland cement (Type І) was used.

	Aggregates: river sand with a fineness modulus of 2.6 and crushed stone with maximum size of 20 mm were used as the fine aggregate and coarse aggregate, respectively.

	Pozzolanic material: POFA with a specific gravity of 2280 (Kg/m3) was used. Its fineness was 2.8%, i.e., for every kilogram that passed through sieve no. 325, 28 grams remained (2.8%). Furthermore, the pozzolanic activity index of the ground POFA was 65.3%.


Mixture of Concrete

Mixtures of concrete were selected with water-to-binder (W/B) ratios of 0.5, 0.55 and 0.6 with 10% of sand’s weight filler content. This amount of filler is required to modify the standard curve of sand (Gheorghe, Saca and Radu, 2008; Jones, Zheng and Newlands, 2003). Table 1 shows the mixture designs for the given water-to-binder ratios based on the same amounts of fine and coarse aggregate for all specimens. POFA as a percentage of cement was added to the concrete mixtures at 10%, 20%, 30% and 40%.


Table 1. Mix Design of the Specimens



	Cement (Kg/m3)

	Gravel (Kg/m3)

	Sand (Kg/m3)

	W/B Ratio




	300

	1150

	800

	0.50




	300

	1150

	800

	0.05




	300

	1150

	800

	0.60





Casting, Curing and Testing of Specimens

Cylindrical specimens of 15×30 cm were used in the experiments. These cylindrical specimens were cast and installed in three steps during the filling of concrete specimens, and each step was vibrated on shaking tables. Then, the specimens were maintained in a 20°C curing room with 98% relative humidity for 24 hours and subsequently preserved for 6 and 27 days in lime-saturated water. The ASTM code procedure (ASTM C39 / C39M – 09a) was used to test the 7-day and 28-day compressive strengths of the specimens (ASTM C39/C39M-14a, 2014). In addition, the modulus of elasticity of the specimens was tested using the ASTM C469 code procedures (ASTM C469, 2002).

BRIEF DISCUSSION OF EXPERIMENTAL RESULTS

The results of the 28-day compressive strength test based on Figure 1 to Figure 3 indicate that the incorporation of 10% POFA as a cement replacement material with W/B ratios of 0.5, 0.55 and 0.6 enhances the compressive strength by approximately 3%–4% with respect to the specimens without POFA. Similarly, the replacement with 20% POFA increases the compressive strength by 0%–5%. However, further replacement with POFA up to 30% decreased the compressive strength by 3%–7%. According to Mohd. Warid and Abdul Awal (1997), the maximum acceptable incorporation of POFA is 40% of the cement content, i.e., a larger amount reduces the compressive strength of concrete by 13%–18%.


[image: art]

Figure  1. Compressive Strength of POFA Contained Concrete for w/b 0.5
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Figure  2. Compressive Strength of POFA Contained Concrete for w/b 0.55
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Figure  3. Compressive Strength of POFA Contained Concrete for w/b 0.6



According to Sata et al. (2004), the 10% POFA inclusion has the most positive effect on the compressive strength of concrete. Based on Table 2, the same results are proven for the amount of POFA replacement in this experiment. Figure 4 shows the interactive three-dimensional isoresponse of the 28-day compressive strength of concrete for various W/B ratios and POFA percentages. From this figure, it is observed that the compressive strength of concrete does not significantly vary in the ranges of 0.5–0.55 and 0%–20% of the W/B ratio and POFA replacement, respectively.
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Figure  4. Interactive Three-Dimensional Isoresponse for Different w/b Ratios and POFA Percentages




Table 2. Compressive Strength Test for Different Mix Designs
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DEVELOPMENT OF THE ANN MODEL

The variables of the experimental tests were applied to develop a model to predict the compressive strength, slump and modulus of elasticity based on an Artificial Neural Network (ANN) for the specimens. The ANN is a mathematical or computational model that attempts to simulate the structure or functional aspects of biological neural networks (Ukrainczyk and Ukrainczyk, 2008; Yeh, 2009). Neural networks have been applied in the engineering fields to predict the outcome of non-linear statistical problems, model complex relationships between inputs and outputs, and find patterns in datasets (Flores, 2011). Conducting large numbers of experimental tests to analyse and calculate the properties of specimens is complex, which makes ANN a good platform for this purpose. In this form, the network was presented with datasets that were obtained from the experiments, and the weights of the inputs (variables in the experiments) were fed into each neuron or node. Then, the weights were iteratively adjusted using back propagation until suitable outputs were produced. In this case, the suitable outputs (predicted compressive strength, slump and modulus of elasticity) are the closest values to the actual ones. In the back propagation method, the size of the error is fed back into the calculation for the weight changes. To develop and validate the ANN prediction model, MATLAB software was used.

One of the most popular and efficient network structures for an ANN model is the multilayer perceptron (MLP). MLP consists of identical interconnected neurons that are organised in layers. These layers are also connected, where the outputs of one layer act as the inputs of subsequent layers. The data flow starts from the input layer and ends in the output layer. In this journey, the data that pass through one or multiple hidden layers recode or provide a representation for the inputs (Flores, 2011).

To validate the variables for the input layer in the ANN model, the Pearson correlation test for independent variables in the tests was conducted to prevent the multicolinearity phenomenon (Gou and Fyfe, 2004). Based on Table 3, there is no excessive Pearson correlation (more than 0.8) among the independent variables; hence, all variables of the cement weight, POFA weight and W/B ratio were considered the inputs to develop the ANN model, and the compressive strength, slump and modulus of elasticity were the outputs of the ANN model.


Table 3. Pearson Correlation Test for the Inputs of ANN Model



	 
	Cement Weight

	POFA Weight

	W/B Ratio




	Cement weight
	1

	0.75

	0.35




	POFA weight
	0.75

	1

	0.45




	W/B ratio
	0.35

	0.45

	1





In this paper, because of the nature of the variables and the non-linearity among them, a multilayer perceptron (MLP) network based on the feed-forward-back-propagation learning method was used to predict the compressive strength of the specimens.

ANN MODEL EVALUATION AND ERROR ANALYSIS

This study constructed a three-layer ANN model of the feed-forward type with three output neurons. There are three neurons in the input layer for the three input variables and three neurons in the output layer for the model. Then, 15 datasets based on 15 conducted experiments were formed and divided into three groups: 70% of the datasets for training, 15% for testing and 15% for validating were randomly selected. When multilayer neural networks are used to solve a problem, the number of neurons in the hidden layers is one of the most important issues. It is known that an insufficient number of neurons in the hidden layers prevents the neural network from solving the problem, but too many neurons leads to over-fitting and decreases the network’s generalisation capabilities because the freedom of the network is increased above the required level (Flores, 2011).

Although the selection of the architecture for a neural network requires trial and error, the best number of neurons for the hidden layers depends on the number of input and output neurons, number of training cases, and complexity of the learning function and training algorithm (Panchal et al., 2011; Shariati, Zin and Aghamohammadi, 2011). As a rule of thumb, the following heuristic rules apply:


	The number of hidden-layer neurons is equal to two times the number of input-layer neurons plus one,

	The number of hidden-layer neurons is equal to the sum of the number of input-layer neurons and the number of output-layer neurons, or

	The number of hidden-layer neurons is equal to the sum of the number of input-layer neurons and the number of output-layer neurons divided by two (Shahidehpour, Yamin and Li, 2002).


Therefore, four different numbers, 3, 6, 7 and 10, of neurons for one hidden layer were tested, and the number of 7 neurons was found to be the most optimal number of hidden-layer neurons. The best performance of the model is measured based on the error produced by the ANN model; in this case, the mean absolute percentage error (MAPE) was used as a performance indicator. The MAPE expresses accuracy as a percentage and is defined by the following equation:
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where the MAPE is the mean absolute percentage error, Cp is the predicted value, Ca is the actual value obtained from experimental tests, and N is the total number of datasets. It should be noted that in the calculation of the MAPE value, all outputs, which included the compressive strength, slump and modulus of elasticity values, were considered.

The model with 3, 6, 7 and 10 hidden neurons resulted in 6.1%, 0.04%, 0.018% and 0.73% error, respectively. A MAPE value closer to zero indicates a more accurate model. Thus, the optimal number of neurons was 7. The structure of this ANN model is shown in Figure 5.
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Figure  5. The Structure of the Developed ANN Model



The information flow starts at the input layer, passes through the hidden layer and ends in the output layer. The Levenberg-Marquardt Back propagation algorithm was used to fit the weights during the learning process, which started at the output layer and passed through the input layer (Flores, 2011). The hyperbolic tangent function was the selected activation function for the input layer, and a sigmoid transfer function was used between the hidden layer and the output layer. Then, the program was instructed to run for 2,000 iterations, and the error for each run of iteration was measured. To avoid overtraining, it was specified that training had to be stopped when the error remained unchanged for 10 continuous iterations. To find the optimal percentage of cases to be trained, tested and validated, Test 1 with 60% training, 20% testing and 20% validating, Test 2 with 70% training, 15% testing and 15% validating and Test 3 with 90% training, 5% testing and 5% validating were performed.

To estimate the quantitative performance of these three tests based on the different numbers of cases for training, testing and validating, the statistical performance criteria, root mean square error (RMSE) and graphical performance correlation coefficient (R) were used. The RMSE can quantitatively indicate the model error in terms of a dimensional quantity (Shariati, Zin and Aghamohammadi, 2011). An RMSE of zero indicates a perfect match between the observed and predicted values and is calculated using the following equation:
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where Cp is the predicted value, Ca is the actual value, and N is the total number of datasets (Shariati, Zin and Aghamohammadi, 2011).

Different numbers of cases were used for training, testing and validating; based on the results, the lowest RMSE for training, testing and validating with the values of 0.006, 0.008 and 0.02 were achieved using Test 2, where 70, 15 and 15% of the cases were used for the training, testing and validating, respectively (Figure 6).

The predicted values that were obtained using the ANN model for the compressive strength, slump and modulus of elasticity of different ranges of Test 1 (60% training, 20% testing and 20% validating), Test 2 (70% training, 15% testing and 15% validating) and Test 3 (90% training, 5% testing and 5% validating) were plotted against their respective experimentally obtained values, as shown in Figure 7 to Figure 9. The efficiency of the developed ANN model for Test 2 can be inferred from these figures according to its better consistency with the drawn equality lines.
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Figure  6. Comparison of RMSE of the Model for Different Training, Testing and Validating Ratios
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Figure  7. The Predicted Compressive Strength Values Obtained for Three Tests against Experimental Values
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Figure  8. The Predicted Modulus of Elasticity Values Obtained for Three Tests against Experimental Values
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Figure  9. The Predicted Slump Values Obtained for Three Tests against Experimental Values



The correlation coefficient (R) indicates how closely the predicted compressive strength fits the actual compressive strength. A higher R value shows that the predicted values are closer to the actual results (Shariati, Zin and Aghamohammadi, 2011). The R values of Tests 1, 2 and 3 are shown in Table 4. Test 2 with the highest correlation coefficients of 0.98 0.98, and 0.99 for training, testing and validating, respectively, had the best match of predicted values with actual values.


Table 4. R Values of Different Training, Testing and Validating Ratios



	 
	R Values of Training

	R Values of Testing

	R Values of Validating




	Test 1
	0.96

	0.98

	0.95




	Test 2
	0.98

	0.98

	0.99




	Test 3
	0.93

	0.95

	0.96





The ultimate goal of each neural network is to provide an optimal generalisation performance. After a network is trained, it should perform well on examples that are not included in the training set. There are various techniques described in the literature that attempt to accomplish this task. One of the most popular techniques is early stopping. The basic idea of early stopping is to terminate training when some estimate of the generalisation error begins to increase. If the training is not stopped early and continues to convergence, then there is a danger that the network will over-fit its training data and not generalise well to new and unseen examples. In this paper, to avoid the over-training problem, the early-stopping principle to develop an alternative interpretation of learning was used, as illustrated in Figure 10. As depicted, the best validation performance occurred in epoch 1.
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Figure  10. Best Validation Performance Evaluation



CONCLUSION

It was concluded that the POFA incorporation of up to 20% as a cementitious material enhanced the compressive strength of concrete compared to the specimens without POFA in their compositions. This result, which was obtained from the experimental investigation, is consistent with the previously published results in the literature. The compressive strength is not significantly affected by reducing the water-binder ratio in the range of 0.5–0.6.

The best architecture for the ANN models was achieved when seven neurons were placed in one hidden layer. The measured value of the MAPE test was 0.018%. The ANN model with 70% of the data for training, 15% for testing and 15% for validating provided the statistical test results with RMSEs of 0.006, 0.008 and 0.02 and R values of 0.98 0.98, and 0.99, respectively, which indicates an excellent predictive performance of the model.

With this model, from the concept of concrete mix details, the compressive strength, slump and modulus of elasticity of arbitrary concrete with POFA can be efficiently determined. This method does not require extraneous statistical equations, which are usually used in traditional prediction models such as linear regression.

REFERENCES

Abdul Awal, A.S.M. and Mohd. Warid Hussin. (2011). Effect of palm oil fuel ash in controlling heat of hydration of concrete. Procedia Engineering, 14: 2650–2657.


———. (1997). The effectiveness of palm oil fuel ash in preventing expansion due to alkali-silica reaction. Cement and Concrete Composites, 19(4): 367–372.

Abdul Awal, A.S.M. and Shehu, I. (2013). Evaluation of heat of hydration of concrete containing high volume palm oil fuel ash. Fuel, 105: 728–731.

ASTM C39/C39M-14a. (2014). Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens. ASTM International, West Conshohocken, PA. Available at: www.astm.org. DOI: 10.1520/C0039_C0039M-14A.

ASTM C469. (2002). Standard Test Method for Static Modulus of Elasticity and Poisson’s Ratio of Concrete in Compression. ASTM International, Volume 04.02. West Conshohocken, PA.

Bosoaga, A., Masek, O. and Oakey, J. E. (2009). CO2 capture technologies for cement industry. Energy Procedia, 1(1): 133–140.

Chandara, C., Khairun Azizi Mohd Azizli, Zainal Arifin Ahmad, Syed Fuad Saiyid Hashim and Sakai, E. (2012). Heat of hydration of blended cement containing treated ground palm oil fuel ash. Construction and Building Materials, 27(1): 78–81.

Deepa, C., Sathiyakumari, K. and Sudha, V.P. (2010). Prediction of the compressive strength of high performance concrete mix using tree based modeling. International Journal of Computer Applications, 6(5): 18–24.

Flores, J.A. (2011). Focus on Artificial Neural Network. New York: Nova Science Publishers.

Gheorghe, M., Saca, N. and Radu, L. (2008). The fillers influence on the self compacted concrete properties. Revista Romana de Materiale-Romanian Journal of Materials, 38: 212–223.

Gou, Z. and Fyfe, C. (2004). A canonical correlation neural network for multicollinearity and functional data. Neural Networks, 17(2): 285–293.

Jaturapitakkul, C., Tangpagasit, J., Songmue, S. and Kiattikomol, K. (2011). Filler effect and pozzolanic reaction of ground palm oil fuel ash. Construction and Building Materials, 25(11): 4287–4293.

Johari, M., Zeyad, A., Muhamad Bunnori, N. and Ariffin, K. (2012). Engineering and transport properties of high-strength green concrete containing high volume of ultrafine palm oil fuel ash. Construction and Building Materials, 30: 281–288.

Jones, M., Zheng, L. and Newlands, M. (2003). Estimation of the filler content required to minimise voids ratio in concrete. Magazine of Concrete Research, 55(2): 193–202.

Kroehong, W., Sinsiri, T., Jaturapitakkul, C. and Chindaprasirt, P. (2011). Effect of palm oil fuel ash fineness on the microstructure of blended cement paste. Construction and Building Materials, 25(11): 4095–4104.

Mohd. Warid Hussin and Abdul Awal, A.S.M. (1997). Palm oil fuel ash: A potential pozzolanic material in concrete construction. Journal of Ferrocement, 27(4): 321–327.

Moruf Olalekan Yusuf, Megat Azmi Megat Johari, Zainal Arifin Ahmad and Mohammad Maslehuddin. (2014a). Evolution of alkaline activated ground blast furnace slag–ultrafine palm oil fuel ash based concrete. Materials and Design, 55: 387–393.


______. (2014b). Strength and microstructure of alkali-activated binary blended binder containing palm oil fuel ash and ground blast-furnace slag. Construction and Building Materials, 52: 504–510.

Nochai, R. and Nochai, T. (2007). Price transmission in Thai palm oil industry. International Conference on Business and Information. Tokyo, Japan, 10–13 July.

Panchal, G., Ganatra, A., Kosta, Y. and Panchal, D. (2011). Behaviour analysis of multilayer perceptrons with multiple hidden neurons and hidden layers. International Journal of Computer Theory and Engineering, 3(2): 332–337.

Sata, V., Jaturapitakkul, C. and Kiattikomol, K. (2004). Utilization of palm oil fuel ash in high-strength concrete. Journal of Materials in Civil Engineering, 16: 623–628.

Shahidehpour, M., Yamin, H. and Li, Z. (2002). Frontmatter and index. In Market Operations in Electric Power Systems: Forecasting, Scheduling, and Risk Management, i-xiv. New York: John Wiley & Sons, Inc.

Shariati, O., Zin, A.M. and Aghamohammadi, M. (2011). Application of neural network observer for on-line estimation of salient-pole synchronous generators’ dynamic parameters using the operating data. 4th International Conference on Modeling, Simulation and Applied Optimization. Universiti Teknologi Malaysia, 19–21 April.

Sukantapree, S., Namarak, C. and Jaturapitakkul, C. (2002). Use of calcium carbide residue and palm oil fuel ash in concrete. Proceedings: 2002 Annual Conference of the Engineering Institute of Thailand. Bangkok, Thailand, 20-23 June, 191–199.

Sumadi, S.R. and Mohd Warid Hussin. (1995). Palm oil fuel ash (POFA) as a future partial cement replacement material in housing construction. Journal of Ferrocement, 25(1): 25–34.

Tay, J.-H. (1990). Ash from oil-palm waste as a concrete material. Journal of Materials in Civil Engineering, 2(2): 94–105.

Ukrainczyk, N. and Ukrainczyk, V. (2008). A neural network method for analysing concrete durability. Magazine of Concrete Research, 60(7): 475–486.

Yeh, I.-C. (2009). Simulation of concrete slump using neural networks. Proceedings of the ICE-Construction Materials, 162(1): 11–18.





Development of a Framework for Attracting and Retaining Women in Construction Practice

*K.J. Adogbo, A.D. Ibrahim and Y.M. Ibrahim

1Department of Quantity Surveying, Ahmadu Bello University, Zaria, NIGERIA

*Corresponding author: kjadogbo@abu.edu.ng

© Penerbit Universiti Sains Malaysia, 2015

Journal of Construction in Developing Countries, 20(1), 99–115, 2015

Abstract: Previous research has indicated that women are significantly under-represented in the Nigerian construction industry and that female undergraduates face barriers that deter them from engaging in construction practice. This research examined the barriers faced by female undergraduates in the construction disciplines at Nigerian Universities. The research adopted the use of a questionnaire and semi-structured interviews. A total of 360 questionnaires were distributed, and 259 (71.94%) were returned and used in the analysis. The semi-structured interviews were conducted with 50 female students and 16 women across the professions of Architecture, Building, Civil Engineering and Quantity Surveying. The results revealed that the undergraduates perceived the construction practice to be synonymous with site activities and that family responsibility posed the greatest barrier to their participation. The strategies identified by the women in practice included active participation in the activity of professional bodies and seeking a mentor. It was concluded that female graduates can be attracted to the industry, but efforts need to be put in place to successfully implement the strategies identified by the professional women. A framework that addresses gender issues in attracting and retaining graduates in the construction practice was developed to help women plan their career in the industry.

Keywords: Construction undergraduates, Gender, Barriers, Women

INTRODUCTION

Women account for 49% of the Nigerian population (National Bureau of Statistics, 2010). Adeyemi et al. (2006) and Kolawole and Boison (1999) have observed that it is a cause for concern that this large human resource is not being fully utilised, in particular by the construction industry. They observed that the construction industry is very important because it makes a significant contribution to the socioeconomic development process through its significant contribution to the Gross Domestic Product. They concluded that there is a need to encourage more women to pursue construction by encouraging girls in secondary school to take science subjects and by introducing initiatives where female students are exposed to the benefits of working in the construction industry.

There exists a wide body of research on women’s participation in construction industries around the world with a strong case made for equality and inclusivity. Research on inclusivity is not limited to women’s participation alone, but attempts have been made at addressing masculinity, investigating how sexual orientation is perceived in construction and work-life balance for men in the construction industry (Powell and Sang, 2013). 

However, Adeyemi et al. (2006) observed that research into women’s participation in the Nigerian construction industry is scant. However, from other studies in developed countries, researchers were able to identify several barriers inhibiting women’s entry into construction. Kolawole and Boison (1999) reviewed literature on the importance of women in construction and the factors responsible for the low number of women in the Nigerian construction industry. They observed that because women form 49% of the population (43.97 million out of 88.5 million according to the 1991 census), it is wasteful to talk of development when roughly half of the populace is not being meaningfully and effectively integrated in the development process.

Kehinde and Okoli (2004) found that the participation of women in construction is impeded largely by discrimination in employment/promotion (employers prefer male employees or at best young, single professional women), society’s perception of the industry as suitable only for men and the low perception of the image of these careers. Adeyemi et al. (2006) observed that women in particular are prejudiced not to have the wherewithal to succeed in the construction industry.

Kehinde and Okoli (2003) and Kolawole and Boison (1999) undertook a study on the intake of women into construction-related courses in the tertiary institutions in Nigeria. Their studies revealed that the intake of women has increased over the years but that enrolments are more concentrated in courses requiring office work rather than field work. A background in science is a requirement for enrolment in the construction disciplines, but the low enrolment of women in Science, Technology, Engineering and Mathematics subjects limits the number qualified to pursue a career in a construction discipline. Furthermore, the participation of women in professional bodies was shown to be very low, and they opined that this may be because many of the graduates of these courses do not eventually end up practicing the professions they were trained for. A significant number of female construction graduates were found to not be working in the industry or stay long enough to register with any professional bodies (Kehinde and Okoli 2003; 2004). Brink and Stobbe (2009) and Gurjao (2006) surmised that while recruitment remains important, there is a knowledge gap in translating qualifications into employment and employment into retention (Gurjao [2006: 28] refers to this as the “leaky pipeline” of women’s career). This paper looks into the barriers, keeping in mind the existing cultural dynamics in some parts of the Nigerian society, such as the low enrolment of females in schools due to the cultural belief that educating girls is of little use because they will end up in their husbands’ homes. Additionally, the practice of keeping women in seclusion limits the participation of young women who may have an interest in the industry. This paper examines the barriers faced by female undergraduates in construction disciplines in Nigerian Universities with a goal of developing a framework for attracting and retaining women in the construction practice. It is hoped that this will provide a way to positively address the underrepresentation of women in the industry, while providing empirical data to further the understanding of gender studies in the Nigerian construction industry.

THE BARRIERS TO WOMEN’S PARTICIPATION IN CONSTRUCT

Dainty, Bagilhole and Neale (2000) opined that women experience difficulties in developing their careers within the industry due to barriers that they face. Amaratunga et al. (2006) posited that women’s participation in the UK construction industry is low and that one major reason for this is the barriers faced by the women working in the industry. Dainty, Bagilhole and Neale (2001) and Bennett, Davidson and Gale (1999) also showed from empirical studies that these barriers hinder some women from entering the industry. According to Amaratunga et al. (2006), the male dominated nature of the construction industry represents a significant barrier to female recruitment (entry), career progression (development) and retention. Gurjao (2006) notes that translating qualifications into employment seems to be the biggest barrier to entry in the construction sector.

Some of the barriers to women’s participation in the construction industry have been identified by several authors and include the following: the poor image of the industry, which is typically portrayed as promoting adversarial business relationships, poor working practices that require brute strength, good tolerance for outdoor conditions, inclement weather and bad language (Dainty, Bagilhole, and Neale, 2000; Fielden et al. 2000; Agapiou, 2002); lack of career knowledge and information about the industry and the career opportunities it can offer (Fielden et al. 2000; Amaratunga et al. 2006); culture and working environments (Amaratunga et al. 2006); recruitment practices biased against women (Fielden et al. 2000; Agapiou, 2002; Amaratunga et al. 2006); and family commitments, a lack of role models, poor career advice, peer pressure and poor educational experiences (Whittock, 2002; Gale, 1994). Kehinde and Okoli (2004) identified some of the factors that created drawbacks to the career pursuits of women: pregnancy, maternity, child rearing, emotional stress and sexual advances from senior male officers.

RESEARCH METHODS

Research Design

The suitability of the research methods for the three phases of data collection required for this study led to the choice of triangulation as a research approach. The rationale for doing this was the need to balance the shortcomings of the quantitative and qualitative approaches and harnessing the strengths of each. As Sambo (2005) observed, the quantitative study of human phenomena can only provide frequencies of occurrences for certain observable manifestations of the phenomena without explaining why they occur. Therefore, it is important to adopt a qualitative research paradigm to compensate for the limitations of using a quantitative approach to study human behaviour.

Sample Selection

The potential survey population in this study includes all construction undergraduates in Nigerian Universities and female professionals in the construction industry. However, surveys operate on the basis of statistical sampling considering that only rarely are full population surveys possible (Osuala, 1987; Fellows and Liu, 1997). The survey for this study was undertaken in three phases. In the first phase, a questionnaire survey for final year students in the construction disciplines of architecture, building, civil engineering and quantity surveying was employed. The study design led to a selection of three Universities, thereby yielding a research sample of all the final year students in the Departments of Architecture, Building, Civil Engineering and Quantity Surveying from Ahmadu Bello University, Zaria; Abubakar Tafawa Balewa University, Bauchi and the Federal University of Technology, Minna. The only pre-condition is that these students had each undertaken six (6) months of industrial training in the construction industry. In the second stage, semi-structured interviews were conducted with final year female students and third, interviews were conducted from a sample of women employed in the construction industry. The women were selected randomly based on their availability and proximity to the researcher. Women with varied life experiences were targeted to capture a wide spectrum of perceptions held by women at different stages of their careers.

Data Collection Instruments

The questionnaire survey was adopted to better reach the large, homogenous numbers of final year students in the chosen institutions. The issues covered were easily understood, as determined in the pilot study. The questionnaire was therefore deemed to be appropriate and adequate. The second and third phases of the survey entailed semi-structured interviews with female undergraduates and practitioners in the construction industry.

The numerical data were compiled and entered into the Statistical Package for the Social Sciences (SPSS) software. The quantitative data were analysed and the results of the descriptive statistics obtained included frequency distributions, measures of central tendency (means) and standard deviation. The data from the open ended questions and interview were coded using themes. Data from the interviews were textual and can be difficult to analyse. However, the richness of the data from the qualitative research means that substantial results can be obtained if the data are examined with the appropriate analytical tools. The analysis for the qualitative data in this study involved the use of conceptual content analysis, as elaborated in Wilkinson and Birmingham (2003). Content analysis applies significance or meaning to information and helps to identify patterns in the text (transcripts of the research interviews). The principle of content analysis requires first that the data be coded or grouped into categories. These categories need to be checked to be sure that they accurately represent what is being said. Content analysis takes into account the appearance of a concept or the numbers of times (frequency) a particular concept appears in a text (Walliman, 2001). However, in this study, the concepts were coded for incidence.

RESULTS AND DISCUSSIONS

Results and Discussions from the Questionnaire Survey

The final year students in the construction disciplines of Architecture, Building, Civil Engineering and Quantity Surveying were the target populations of this survey. Table 1 shows the number of students enrolled in the various departments at the time of the study. Thirty questionnaires were distributed in each of the four departments in the three institutions yielding a total of 360. A total of 263 questionnaires were returned, and 259 questionnaires were used for the analysis, representing 71.94% of the questionnaires distributed.


Table 1. Number of Students Enrolled in the Four Courses Examined



	 
	 
	ABU, Zaria

	ATBU, Bauchi

	FUT, Minna

	Total




	Architecture
	Male
	133

	69

	79

	281




	 
	Female
	22

	16

	5

	43




	Building
	Male
	58

	64

	46

	168




	 
	Female
	8

	9

	6

	23




	Civil Engineering
	Male
	151

	55

	84

	290




	 
	Female
	9

	6

	6

	21




	Quantity Surveying
	Male
	69

	57

	58

	184




	 
	Female
	15

	14

	17

	46





Notes: Ahmadu Bello University, Zaria (ABU, Zaria); Abubakar Tafawa Balewa University, Bauchi (ATBU, Bauchi); The Federal University of Technology, Minna (FUT, Minna)

There were 202 male respondents and 57 female respondents, corresponding to 78% and 22%, respectively. The results of the survey showed that the majority of both male and female respondents were from the northern part of the country where the perception that women are rarely allowed to work in public exists. The institutions sampled are all located in the northern region of the country, which may explain why most of the students were from that region. Students were more likely to attend school where they are domiciled or where they hail from.

The findings from this study affirm the position from the literature on the wide disparity between the numbers of male and female students registered in educational institutions (Dainty and Edwards, 2003; Dauda, 2007; Imhanlahimi and Eloebhose, 2006; Kehinde and Okoli 2004, Kolawole and Boison, 1999) and construction courses in particular. There are fewer women than men enrolled in all of the Departments surveyed, which was identified in Kehinde and Okoli (2003) as one of the factors influencing the low trend in women participating in the construction industry. Consequently, this trend continues into practice and of the few who do graduate, a smaller number are attracted to pursuing careers in construction and even fewer remain long enough in the industry, confirming the findings of Adeyemi et al. (2006) and Kolawole and Boison (1999) that women are under-represented in the Nigerian construction industry. The key component is that careers in the construction disciplines studied can only be pursued by students who have a background in science-based subjects and the fewer number of female students is an indication that there are fewer girls in science-based subjects than men. The statistics in Dauda (2007) and Kehinde and Okoli (2003) illustrate this trend. Consequently, in the crucial early stages of career development, women are outnumbered by men in highly relevant subjects such as Mathematics, Science and Technology.

The barriers identified from the literature were subjected to investigation and the distinction between external and internal barriers, as described in Ling and Poh (2004), was used as the basis for the questionnaire survey.


Table 2. Ranking of External Barriers by Respondents



	The External Barriers
	Female

	Male

	Combined




	Mean

	Rank

	Mean

	Rank

	Mean

	Rank




	Construction jobs are stressful and demanding
	4.02

	1

	3.86

	2

	3.9

	2




	Construction jobs are very competitive in nature
	3.96

	2

	3.99

	1

	4.25

	1




	Male culture exists at the workplace
	3.76

	3

	3.36

	6

	3.44

	5




	Construction jobs involve long working hours
	3.70

	4

	3.73

	4

	3.73

	3




	The higher numbers of male professionals in construction intimidates women
	3.66

	5

	3.38

	5

	3.44

	6




	Women on sites are not respected to the same extent as men
	3.60

	6

	3.26

	8

	3.33

	8




	Female graduates face sexual harassment at work
	3.49

	7

	2.88

	12

	3.01

	12




	Female graduates are given desk bound jobs
	3.46

	8

	3.12

	11

	3.2

	9




	Construction jobs are masculine in nature
	3.29

	9

	3.36

	7

	3.34

	7




	Female graduates are not given equal opportunities as male counterparts
	3.27

	10

	2.74

	13

	2.86

	13




	Women are more suited to administrative than production function on sites
	3.19

	11

	3.86

	3

	3.71

	4




	Female graduates are not easily accepted at the workplace
	3.13

	12

	2.66

	14

	2.8

	14




	Construction jobs are undertaken under harsh working conditions
	3.09

	13

	3.21

	10

	3.18

	10




	Construction jobs are career focused at the expense of family
	3.05

	14

	3.21

	9

	3.17

	11




	Female graduates don’t have opportunity to attain higher positions
	3.00

	15

	2.5

	15

	2.61

	15




	Construction jobs have poor image
	1.64

	16

	1.8

	16

	1.76

	16






Internal factors/barriers


Table 3. Ranking of Internal Barriers by Respondents



	The Internal Barriers
	Female

	Male

	Combined




	Mean

	Rank

	Mean

	Rank

	Mean

	Rank




	Ability to be ambitious and to excel at work
	4.42

	1

	4.31

	3

	4.33

	3




	Ability to work well with contractors and subcontractors
	4.35

	2

	4.36

	2

	4.36

	2




	Potential to exhibit leadership ability
	4.32

	3

	4.25

	5

	4.27

	5




	Ability to pay attention to details
	4.23

	4

	4.43

	1

	4.38

	1




	Ability to exhibit a high level of competence
	4.23

	5

	4.31

	4

	4.29

	4




	Exhibiting competitiveness where required
	4.12

	6

	3.99

	10

	4.02

	9




	Ability to undertake logic and reasoning
	4.11

	7

	4.24

	8

	4.21

	6




	Ability to manage construction workers or subordinates
	4.05

	8

	4.25

	6

	4.21

	7




	Ability to be assertive when the situation demands it
	4.02

	9

	3.98

	11

	3.99

	10




	Exhibit high quality technical skills
	3.96

	10

	4.24

	7

	4.18

	8




	Willingness to travel
	3.59

	11

	3.90

	14

	3.83

	13




	Ability to withstand much pressure at work
	3.58

	12

	3.99

	9

	3.90

	11




	Ability to perform any required work
	3.54

	13

	3.92

	13

	3.84

	12




	Ability to persist long on the job
	3.31

	14

	3.92

	12

	3.79

	14





Surveying both male and female students created the opportunity to evaluate the responses from both genders to determine that these challenges are not gender biased or that the research is from its very nature skewed to a predetermined conclusion. The external barriers, which the respondents in this survey identified as having the highest degree of influence, were found to be similar across both the male and female respondents. This is indicative of the fact that the barriers are not particular to female students only. Of particular interest are that jobs in construction are competitive, stressful and demanding, and involve long working hours. All of these issues are indicative of the nature of the construction industry, which may deter anyone, either male or female, from entering the industry. In Ling and Poh (2004), the external barriers identified that influence final year students were the poor image of construction jobs and its competitive nature, as well as the sexist attitudes (female graduates facing glass ceilings and not being given equal opportunities). The culture within the workplace and higher numbers of male professionals in construction will not likely influence the choices of male graduates but may discourage female graduates from pursuing their careers.


Results and Discussions of Interviews with Final Year Undergraduates

Some of the issues raised in the questionnaire survey were further probed in the interview to gain clarity and to clearly articulate and explain those phenomena that exist among the female respondents.

Characteristics of the interviewees

The female respondents from the three Universities were interviewed to further clarify and/or explain the issues that arose in the questionnaire survey. Fifty final year female students of Architecture (9), Building (3), Civil Engineering (13) and Quantity Surveying (29) were interviewed.

The potential barriers identified by women

Cultural/religious barriers to propensity to practice


	Traditional role of a home maker: Traditionally, most people think women should stay at home. However, this is a mindset that most are willing to refute, claiming that times are changing and that the work environment is now more receptive of women.

	Dressing: There is a need to dress appropriately for such functions as site visits.

	Interaction with men was a challenge in two respects: First, interacting with male colleagues was difficult because the men tended to look down on and discriminate against women because they (the men) think they have more experience. The second aspect has to do with spousal approval; not every man will allow his wife to interact with other men, as this will go against cultural expectations.


Marital/family commitments as barriers


	Coping with pregnancy and site work. This is one reason why some women are unsure about their future in the construction industry.

	The challenge of how to balance long work hours with family commitments.

	Permission from spouse to work: some decisions to practice or not will depend on the approval of their spouses.


Barriers faced in professional practice


	Nature of site work is stressful and site conditions are harsh.

	Not being taken seriously by operatives/colleagues on site: the operatives did not always do as they are asked because the instructions were given by women.

	Being treated with a soft hand because of their gender.

	On a more positive note, some of the respondents noted that they enjoyed some favour on sites being the only female among the workers.

	Lack of female role models in the industry.


The common family and societal expectations from any young Nigerian girl is to marry and to have children. While this may not be the unique belief within Nigeria, African culture permeates the fabric of society such that women are forced to either meet these expectations or face the disapproval of family and friends. Two things that are important to women are the approval of their spouses and how to handle children, pregnancy and work. The construction industry is considered to be a suitable industry for women to work in, and the support of a spouse is a key factor in a women’s entry and success in the industry.

Cultural barriers were identified by the women as being entrenched in the minds of people and would require significant re-orienting of the minds of both men and women to come to terms with women in the construction practice. These include for men, longstanding traditions of the construction industry being seen as the “man’s domain” and for women, that young girls need to be encouraged to take science-based subjects and that older girls need to be available to teach and mentor the young professionals.

It is impossible to work in construction without interacting with men, and for two of the respondents, it was a source of conflict with their spouses. Cultural expectations also limit women’s interactions to ensure that they are not labelled as “loose women”. For women who are overly concerned about societal approval, they are constrained to address professional work as well as people’s expectations of what is considered appropriate behaviour for women.

Analysis and Discussion of the Results of Interviews with Professional Women

The experiences of the female professionals was used as a basis to assess the validity of the perceptions of the female undergraduates and also to be able to articulate a strategy that could be adopted to deal with some of the issues identified in the study.

Characteristics of the interviewees

The interviews were conducted between December 2011 and March 2012 with Architects (3), Builders (1), Civil Engineers (1) and Quantity Surveyors (11). Ten of the respondents were Christians, while six were Muslims. Nine were married, and seven were single women. Five of the respondents work in private organisations, whereas 11 worked in the public sector (at Federal and State government organisations). Those in private organisations work in contracting firms and consultancy firms, whereas those in public service are in tertiary institutions, Federal and State agencies and research institutes.

The barriers faced by women in practice

Family responsibilities

The experiences of the women interviewed indicated that family responsibilities influence their abilities to perform well within the workplace. The responses indicated that women have the choice to either focus more on family responsibilities and limit time spent on career development or focus more on career at the expense of family responsibilities. Their experiences have shown that the best option is to find a way to balance the time required to take care of one’s family obligations and progress in career development. Dainty and Lingard (2006) found that there is pressure on women to work long hours, which has a negative impact on their family life. This is an integral part of work in the construction industry that the respondents have accepted and have tried to accommodate in their places of employment.

One of the respondents said that continuous family responsibilities results in low aspirations, which may reflect the reality that a large number of women know that increased responsibility at work together with their domestic duties would make life impossibly demanding.

Cultural barriers

The issue of culture exists twofold: the culture in the construction industry and the culture of society at large. The aspects of societal culture that have an influence on women’s careers were identified by interviewees as dressing and interactions with men. Dressing is a personal issue, but care needs to be taken to remain professional at work and not to offend the norms where one is engaged.

The issues of culture and religion were investigated, and respondents opined that the culture of the society is more of a barrier to women than their religious beliefs (whether Christian, Muslim or a Traditional worshipper). Work in the construction industry requires interactions with people who may not be literate or speak English, creating a challenge to professionals irrespective of the location.

Religious barriers

The issue of barriers faced due to religious beliefs are of a personal nature and do not affect one’s professional work; the respondents identified three areas: restrictions on dressing, especially for married women, questions of morality where compromises may be demanded and, in rare cases, discrimination by employers due to their personal sentiments.

Religion is an important aspect of the lives of the interviewees, and for the most part, it does not hinder them in their work. Religious practices such as prayers and observances of holy days/times are intertwined with workplace activities and underscore the value systems of members of the society. Consequently, religious values are brought to bear on construction workers’ behaviour and the relationships with their colleagues on construction sites. These impacts could be perceived as positive (making them more accommodating and compassionate) or negative (promoting exclusionary tendencies), as observed by Kheni (2008).

Lack of role models

All of the respondents agreed that it is vitally important to have female role models or mentors that a woman in practice can look up to or follow for her professional development. Ten of the 16 respondents did not have role models when they started out in their career, but they did observe that if they had a mentor, it would have given them the opportunity to make better choices. The assumption among some students is that these mentors should be women, but this may not always be the case. The success of other women is undoubtedly a motivation for success, as some of the respondents observed. Nonetheless, this mentorship can also be provided by male professionals.

Mentoring is important for providing women with the self-confidence and skills to pursue career advancement and promotions. Mentoring is a critical tool for professional development; however, it can be difficult for women to find female role models or mentors in the construction industry. The interviewees were very firm in their belief that a female role model would be good for a young female professional. However, women who have achieved success have been forced to rely on male mentors, and this in itself justifies the position that where a female mentor is not available or accessible, a male role model would serve just as well.

Lack of a career development path

The development of a career for a woman in the construction industry is not a “one-size-fits-all” scenario. Upon deciding to pursue a career in the construction industry, a woman needs to have some tools beyond the training and induction that will be provided by employers. The strategies identified by the respondents as the ones they had adopted in their practice are as follows:


	Have a mentor provide career advice;

	Regular participation in professional meetings/activities;

	Regular professional/educational development;

	Self-determination and passion at work; and

	Learn to accept and balance family time and work.


FRAMEWORK DEVELOPMENT

The purpose of developing a framework in this study is to provide a structure that shows how a female undergraduate may pursue a career in construction and to specifically identify issues that need to be addressed at different stages in the career path, including among others, the issue of employment in the construction industry and the necessary framework to retain women within the industry.

The Framework Derived from the Data Analysis and Literature Review

Definition of terms used in the framework:


	Stage of Development: Stage is “a period or state somebody passes through while developing or making progress” (Wehmeier, et al., 2006: 1434). In the context of this framework, stage of development refers to the various levels of development (education and career) in the typical career path of an individual.

	Enablers: The key elements that make it possible for an individual to make a favourable decision towards a career in construction by creating the necessary conditions.

	Barriers: Situations or problems that prevent or constrain the choice of a career in the construction industry.

	Strategies: The identified means by which the barriers identified may be overcome.


The framework has been developed with the aim of providing a guideline to stakeholders for the purpose of attracting women graduates into the construction industry and retaining those who have taken up employment in various aspects of construction work. Specifically, this framework can be used in its entirety or adapted in part by employers, professional bodies, government agencies or other policy making bodies involved in gender mainstreaming or educational institutions and by women who are interested in improving younger women’s participation in construction practice. The framework is presented in Figure 1.
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Figure  1. The Framework for Attracting and Retaining Women in Construction



Stage 1: Secondary school education

Students at this stage of their development have the option of attending either a private secondary school or a school run by the Federal or State Government (Public school). Irrespective of the type of secondary institution attended, the determinant for entrance into a construction discipline is to sit for and obtain credits in Science subjects that include, but are not limited to, Mathematics, Physics and Chemistry.

The factors, which according to the respondents positively impacted their choice of career in construction, include the perceived marketability of the profession, influence of parents and personal interest. The impact of career talks was not adequate enough to lead students to a choice in construction. There is a negative cultural dimension to educating women, which leads to the low enrolment of women. These dimensions include, first, early marriages arranged for girls (requiring them to withdraw from school) and, second, the belief that women should only end up as housewives.


The enabling strategies that need to be adopted to adequately encourage more female students at this stage of development, such as encouraging female students to opt for subjects such as Physics, Chemistry, Technical Drawing, Woodwork, Metalwork and adequate career counselling will lead to an improved representation of women in higher institutions and, subsequently, in practice as well.

Stage 2: Training in higher institution

At this stage of development, students can attend either a Private or Public University or the Universities of Technology. The Construction disciplines of Architecture, Building, Civil Engineering and Quantity Surveying are available in several of the Institutions in Nigeria, and as long as all of the requirements are met by the candidates, they may be admitted into any institution of their choice. However, students who took technical subjects or attended technical school stand a good chance of excelling in these disciplines.

Stage 3: Entry into the construction industry

At the end of their studies, graduates are expected to enter into professional practice in the areas of study for which they were trained. However, this does not hold true in all cases. The enabling factors of role models and the prestige associated with doing work that is generally considered “men’s work” could serve to encourage more women to enter the construction industry. However, overcoming the challenges of family responsibilities, cultural/religious obligations and the nature of the industry becomes the determining factor as to if they would be attracted and recruited into the construction industry or if they would depart to other, more accommodating sectors. The female graduates’ internal competencies (personal attributes, characteristics and abilities, Ling and Poh, 2004: 431) could be developed by adopting the strategies identified by women in practice.

Stage 4: Retention in the construction industry

The translation of qualification into employment is only one aspect driving the motivation for an improved representation of women in the construction industry. The flip side is dealing with the “leaky pipeline” aptly described by Gurjao (2006: 28) as the “tendency of dropping off the career ladder…” where women are educated and become qualified and employed but, somewhere within their career, depart from the industry. This phenomenon can be alleviated with such enabling strategies as Government policies that imbibe gender mainstreaming (for example the current Federal Government efforts to achieve 35% affirmative action [Federal Ministry of Women’s Affairs and Social Development, 2006]). Here too, the functions of Role models/mentors and women chapters of professional bodies serve to create an environment that may attract more women. Job satisfaction as well as promotions will also contribute to ensuring that women are retained in the construction industry. The challenges that women face, particularly with respect to family responsibilities, are more constraining in the early phase of career development. Over time, they learn to overcome these challenges through networking, personal development and working with their priorities, which allow them to develop within their careers. Good practice mechanisms to combat barriers at this stage include introducing positive role models, work placement opportunities and building support networks.

Stage 5: Career progression

This is an all-encompassing stage that starts from the earliest education and lasts all the way through the economically active life of a woman. However, the consideration here is of the progression of a professional woman’s career within the construction industry and is actively pursuing her career therein. The decision of a woman to continue in a career depends on her ability to obtain satisfactory remunerations, agreeable socialisation opportunities and vertical progression (promotions).

One strategy suggested by a respondent is to focus more on a career and suspend getting married and/or having children until one has achieved a comfortable level of career growth. This is, however, an extreme strategy that is not compatible with the African societal culture and family expectations where women are expected to marry and have children. Women are under pressure to forgo or delay childbirth and, for those who already have children, to hide their existence. Often pregnancy is considered an event that could potentially jeopardise one’s career progression.

The developed framework will assist women with planning their careers in the construction industry by addressing those issues identified as being crucial for successful career development at each phase. This will serve as a means of attracting and retaining them in the industry.

CONCLUSION

To gain a complete and more balanced view of the barriers women face, this study investigated the barriers faced by women in professional practice in the Nigerian construction industry. The findings suggest that the barriers that women face in the construction industry are globally similar. The uniqueness of the traditional and patriarchal system, which exists in Africa, exacerbates these barriers. Additionally, the cultural and religious dimensions also introduce a challenge that does not exist in most developed nations. The women emphasised on the need to learn to balance work and family responsibilities, noting that this is more difficult in the early stages of career development and that it becomes easier to manage over time. It is also important for women to participate in professional bodies, develop further in areas of specialisation and seek mentors/role models who can educate them on the best career options available for them in the industry.


RECOMMENDATIONS FROM THIS RESEARCH

The following recommendations are offered in light of the findings from this research:


	The framework developed is useful for attracting and retaining women and it is recommended for use by the following:
a. Female students: this will help in career development.

b. Academic institutions: to help the relevant stakeholders identify strengths and weaknesses inherent in training female students and ways to mitigate the problems.

c. Female practitioners: to help in mentoring younger women in construction.

d. The Government: the framework provides a working document for ministries in charge of women affairs and development to help in the preparation of policy documents.



	There is a need to promote the construction industry in secondary schools as a means of creating awareness. This could to be performed by various construction related professional bodies and regulatory bodies. This addresses the issue of attracting women into construction.

	It is recommended that the female members of professional bodies organise seminars and workshops to be delivered yearly at all institutions addressing construction related disciplines. These seminars would address specific barriers that exist in the industry, practical steps on how to overcome them and allay any fears graduates may have about working in the construction industry. This will provide opportunities for mentoring, networking and professional development that would lead to the retention of women in practice.
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Abstract: This research identifies the design quality determinants and parameters for affordable housing in a developing metropolis, Karachi, Pakistan. The absence of quality housing in Karachi has resulted in a variety of factors including policy failure, violation of bylaws, housing scarcity and more low quality housing. The combination of these factors has resulted in poor housing design and construction and has lowered the overall quality of housing. Homeowners (end-users) experience unplanned maintenance and repairs. This study provides a design quality model for use as a survey tool among professionals and end-users. This study resulted in a table of 24 quality determinants marked as Housing Quality Determinants (HQD) grouped into eight sections. This research concludes that the existing design quality of affordable housing in Karachi could be enhanced by resolving problems related to design, construction, services, site development, neighbourhood and sustainability. The HQD model provides a platform for developing quality indicators of housing design and an opportunity for local and international design and construction professionals to rethink design in the context of housing quality. This article provides the development of the HQD framework (model).
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INTRODUCTION

The spatial organisation of dwellings changes rapidly and is highly influenced by design trends, region, culture and society. Society and cultural values establish a spatial order in and around living spaces and reflect the characteristics of such spaces. A relation exists between space and human interactions and differences in social systems influence a variety of housing layouts. Families, or groups of people, restrain a socioeconomic structure. Despite being a small element, the family forms a core that comprises the future of a society. A family needs a certain quality space, a “house,” to achieve this function. Planning and design solutions are concentrated on design faults and deficiencies of the built environment. Low design quality results in dissatisfaction, building defects and limited maintenance. Low design quality indicates that the design was created without considering building performance and maintenance, or that the construction phase was unchecked by field experts. A review of building problems revealed that the housing sector falls short of quality requirements. This condition must be mitigated because the entire global population is living in some form of shelter or enclosure called a “house.”

Hussain (2007) outlined the existing housing deficit in Pakistan and mentioned that basic housing remained out of reach for most Pakistanis. The study further added that the housing deficit remains a critical issue, with Pakistan suffering from a housing deficit of close to seven million. This problem is compounded by the additional shortfall of 400,000 urban units experienced annually. The statistics mentioned by Hussain revealed that housing is experiencing a major setback in Pakistan. This finding raises awareness of the dire need for a proper housing policy that would develop and maintain the supply chain of quality housing in both the public and private sectors. Hussain suggested that housing conditions in crowded cities in Pakistan are at risk and the absence of proper housing policies has further diminished the perception of quality housing in city centres.

The effects of housing design and its influence on residents is further highlighted by the report from the Human Rights Commission of Pakistan (2005). The report stated that over 60,000 people slept out in the open sky throughout the year in Lahore (the second largest city in Pakistan), with a similar number observed in Karachi. This number increased during the summer months, with congested and low comfort housing conditions leading many people to sleep outside.

In a study of affordable housing in Karachi, Lari stated that, “Karachi has become a sprawling soulless concrete jungle where services are scarce and sporadic“, (Lari, 1996). He also reported that “the quality of architecture is bleak and alienating” (Lari, 1996).

Cowasjee (2004) provided evidence of how bylaws are violated by building control authorities in Karachi. He disclosed that bylaws of private and cooperative housing societies were blatantly violated by the Karachi Building Control Authority, which approved the construction of buildings with a ground level and more than six floors. The bylaws only permit a ground level plus one floor. Violations to the bylaws have contributed to the gradual transformation of Karachi into a city jungle of low-quality apartment blocks without any consideration of the negative effects on the environment and on the citizens of the city.

Previous studies have revealed that Pakistan in general and particularly the city of Karachi, are experiencing housing problems related to ineffective housing policy, outdated housing standards and non-compliance to housing standards. These problems have created a gap in the understanding of housing quality. No platform or criteria exist to help professionals and end-users understand the design quality of a house. End-users do not understand the meaning of housing quality and are generally attracted by housing design simulations. Through the formulation of an HQD, this research has provided a point of reference (quality criteria) for end-users to understand the basic criteria of housing design quality.

FEASIBILITY OF THE STUDY

This research considers problems related to housing quality in a developing region such as Karachi, Pakistan. This study focused on the design problems of private housing that have evolved from low design quality. The research objective is to formulate an assessment framework that can be implemented during housing design development and can be used to assess the conditions of housing at the pre- and post-occupational stages. Aside from building bylaws, no comprehensive paradigm is available for evaluating housing design in Karachi, Pakistan. The current building bylaws in Karachi are regulated by the Karachi Building Control Authority (2007). These bylaws are decades old and are restricted to certain guidelines for peripheral and enclosure designs. A detailed account of end-user satisfaction, welfare and security is not provided in these bylaws. The National Energy Conservation Centre (ENERCON) Pakistan has established criteria for energy conservation and the thermal comfort of end-users. However, the efforts of these two organisations do not address housing design quality in the broader spectrum, as intended by the HQD model.

HOUSING DESIGN QUALITY

A review of building problems revealed that the housing sector suffers the most during the design and construction phases, which remain unchecked by field experts. International organisations, such as the United Nations-Habitat and the World Bank, have raised concerns on the growing population and unavailability of quality housing in the developing world. United Nations-Habitat (2007) reported that if the high rate of urbanisation continues, the urban population of the developing world will reach approximately six billion people by the end of 2050. This population increase will result in a high rate of demand in urban areas and put pressure on the existing housing supply.

A World Bank report (1993) highlighted the low quality of houses in developing nations and reported that a large fraction of the population living in the developing world has limited access to quality housing. The report also highlighted concerns over the growing population and inadequate housing in the developing region and stated that developing regions have undeveloped land and economic potential but are handicapped by inadequate housing and infrastructure, including water and sanitation. A later report from the World Bank (2000) suggested that underdeveloped countries should do more to ensure better service provision in housing through innovative arrangement and design. The report suggests that to achieve this objective, changes should involve private developers, voluntary agencies and community organisations.

The above discussion suggests that the governmental sector in developing nations has failed to meet the housing needs of their citizens. Therefore, the private sector should step forward to solve the housing issue at the micro level. The present housing scenario is one of the major reasons for low-quality housing design in developing countries.

Housing quality is also a major issue in developed countries. Jamsen, Siahpush and Simpson (2008) described the state of housing quality in Australia and mentioned that one aspect of social disadvantage is housing inadequacy; the study considers low-quality housing as a social disadvantage and states that low-quality housing design does not fulfil the basic needs of the end-user.

Ely (2004) mentioned that houses are such awkward properties that people are often imprisoned rather than housed in them. Perhaps the author is referring to low-quality housing design and compares the overall environment of available housing with a prison environment. Prisons have spatial limitations; for instance, beds and toilets are grouped together without any partition, such that people have limited access. These factors indicate that low-quality housing design can make a dwelling place resemble a prison.

To understand housing quality and its effects on residents, the Commission for Architecture and Built Environment (CABE, 2006) conducted a study to evaluate the design quality of new homes in England and established an active link between housing quality and community development. The study asserts that housing quality and space determine the success or failure of a community. The study also implied that the success or failure of a neighbourhood is exclusively dependent on housing quality and open space, regardless of income group.

The chairman of the CABE (Sorell, 2006) further highlighted the importance of design quality when he stated that design quality cannot be considered as an optional and additional factor but is rather a requirement. This statement suggests that design quality should not be limited to certain types of buildings and housing. This phrase may be directing professionals to consider quality as an integral part of their creative work and that good design quality should not be confined to prestigious edifices.

The importance of design quality was articulated in the report published by CABE (2006). The report highlighted the importance of design quality in buildings and warned of the possible repercussions of poor design. The report stated that the absence of design quality may have significant adverse environmental, social and economic effects. The report further added that low design quality could lower the quality of life. The report also defined what comprised good design quality and stated that a design ought to be fit for the purpose, be sustainable, efficient, coherent, flexible and good looking with a clear expression of requirements. This definition confirms that good design pertains not only to the appearance of a built environment but also to the development of the people within its periphery. The report further added that good design quality could enhance life.

The Housing Corporation England (2007) defines good quality housing design as the delivery of desirable, affordable and high-quality homes and environments that utilise innovative approaches to satisfy needs and help address the aspirations of the occupants and the wider community.

Simmons (2005) considers character, legibility and principles of design to be the basics of design quality and the extent of their existence in any design determines high design quality.

Housing design quality was established by William (2007) through a study commissioned by the Housing Corporation England. The study defined the design of affordable housing and formulated quality standards of housing. The report asserted that good design should contribute positively to making places better for people. The study revealed that the quality of a space is correlated to the users and that the presence of quality in space design is necessary for user satisfaction.

Watt (2007) highlighted the image of a good building and explained that a building should act as a container or envelope that buffers or filters external conditions for internal needs. Watts further added that this image is the simplest definition for the function of a building. The study used an analogy of a building envelope that serves as the skin surrounding the occupants and modifying the environmental conditions.


According to Baird et al. (1996), a well-designed building performs well and enhances our lives, communities and culture. A low-quality design building could affect our health, work, leisure, thoughts and emotions. Watt (2007) and Baird et al. (1996) both supported the idea that a well-designed building not only enhances the lives of users but also helps to nurture their leisure and supports their emotional needs. The above paragraphs can be summarised as follows:


	The quality of housing design influences the individual and community. Design professionals should understand their responsibilities and adopt high design quality in housing projects.

	The well-being and satisfaction of the resident population should be considered a priority. The buildings, particularly housing, should be designed in a way that helps build a positive image of the community and urban environment.


Previous studies have revealed that a house, or its multiple forms, has remained the subject of research and discussion in a number of reputable platforms, such as CABE, the United Nations and the World Bank. Despite the availability of modern resources and technology, optimisation of design quality has rarely been applied to modern buildings and housing. This limitation has continued to cause numerous imbalances and deficiencies in the subsequent design of buildings.

This scenario validates the need for a framework for assessing design quality in the design and construction industry. The HQD framework system would check the design and construction processes at various stages, from 2D drawings to the application of an outer fabric and skin to the façade. Such quality measures will improve building performance and life span, prevent highly taxed defects and reduce the requirement for maintenance.

DEFINITION OF AFFORDABLE HOUSING

Affordable housing is a term introduced to cater to a large group of people living in a diversified condition with low to modest incomes. Affordable housing varies among people and among regions. The term refers to the housing type for low to medium income groups. An explanation of the terminology used in this study is important as it relates to potential housing types and potential users.

The United States Department of Housing and Urban Development (2004) defines the term affordable housing as, “the housing that costs no more than 30% of a household’s monthly income.” The definition indicates that to be affordable, the rental and utilities in an apartment or monthly mortgage payment and housing expenses for a homeowner should be less than 30% of a household’s monthly income.

The City Council of Calgary (2002) approved and defined affordable housing as housing that adequately suits the needs of low- and moderate-income households at costs below those generally found in the market. Affordable housing may take on a number of forms that exist along a continuum, from emergency shelters, to transitional housing, to non-market rental (also known as social or subsidised housing), to formal and informal rentals and ending with affordable home ownership.

The Canada Mortgage and Housing Corporation (2002) determined that for housing to be affordable, a household should not spend more than 30% of its gross income on a rented shelter. This view is reflected in the Department of Housing and Urban Development (2004) definition, which states that, for a house to be affordable, its repayment should not exceed 30% of a homeowners’ salary.

Queenstown Lakes District Council is a government organisation working for the betterment of the built environment in New Zealand. Queenstown Lakes District Council (2007) defined affordable housing as a residential activity, the cost of which to rent or own generally does not exceed 30% of the income of low- to moderate-income households.

Communities and Local Government of the United Kingdom (2006) published the guidelines for “affordable housing” as follows:


	Affordable housing includes social rented and intermediate housing, provided to specific eligible households whose needs are not met by the market;

	Affordable housing meets the needs of eligible households. These needs include availability at a cost low enough for them to afford, determined with respect to local incomes and local house prices;

	Affordable housing includes provisions for the home to be retained for future eligible households; and

	If these restrictions are lifted, any subsidy should be recycled for alternative affordable housing provision.


The above guidelines reveal that different government groups and organisations recognise the importance of outlining the housing typology in the modern world. Only recently, housing used to be categorised as low, medium and high cost. However, the basic understanding of these terms has changed because of the influence of a complex set of economic conditions such as high land value, growing inflation and higher housing demands. These housing categories have failed to match the contemporary world. World forums and housing experts have coined the relatively new term of “affordable housing” to replace the old terms of low- and medium-cost housing. Analysis of the term affordable housing reveals that this new concept is not only capable of defining the range of housing but also contributes to the development and refinement of the demands of housing ranging from low- to medium-cost housing. The term enables designers and developers to understand the basic needs of housing and to adopt the benchmarks of quality set for the range of housing.

The term “affordable housing” is useful and easy to understand:


It complies with the range of housing entities for various income groups, i.e., from low cost to medium cost. A threshold of 30% of monthly income sets a standard for affordable housing.




METHODOLOGY

Determining the problems with housing quality is a key step toward establishing the HQD framework for affordable housing in Karachi. Housing quality was determined by a literature review and verified using various techniques, such as occupational condition survey, site visits, questionnaire surveys and interviews (structured/unstructured).

The study circumscribed the existing matrices of design quality of affordable housing. Contemporary models of housing quality, including the CABE, Building Research Establishment, Housing Corporations models from the United Kingdom, Department of Housing and Urban Development model from United States and the Scottish model (Section Matrices of Design Quality), were used as references to provide an extensive and viable platform for this study. The schemata of these models were studied, analysed and discussed with professionals, including architects, engineers and construction managers (A/E/C). The synthesised quality determinants (Table 2) were validated through unstructured interviews to ascertain the HQD model. The interviews were conducted with two types of respondents: users and A/E/C professionals.

In these models, the strength of each design quality determinant was measured for possible inclusion in the HQD framework (Table 1). The researchers conducted site visits, condition surveys of housing blocks and unstructured interviews to evaluate the housing quality at various sites in Karachi and to validate the secondary data. These surveys were conducted at 16 sites in Gulshan- e-Iqbal, Sadder, North Nazimabad, Gulistan-eJohar, Federal Blue Area, Buffer Zone, North Karachi and Nazimabad. These sites are located in four towns of Karachi: Sadder, Gulshan, Liaquat and North Nazimabad. These towns are densely populated residential areas that provide a vast range of affordable housing. These towns provided sufficient information on affordable housing requirements for this research.

The research methodology in this study is largely based on both primary and secondary methods of data collection. Primary data were collected through framework validation, as discussed in this article. Validated secondary data were used as primary data for this research. The research phases show in Figure 1.

The final model of HQD was drawn through the triangulation of literature review, synthesis of quality matrices and site survey and validation of the framework through unstructured interviews. The methodology of this research is based on the following research precedents:

Burt (1978) suggested that all factors of building responsible for user satisfaction should be evaluated to determine the design quality.

Powell (1987) determined that the collective judgment regarding a range of varied buildings is important for their quality assessment. This process is an important step in determining the quality aspects.

Baird et al. (1996) stated that building evaluation involves the systematic assessment of building performance-related objectives and requirements. The assessment process is a tool for constructing the appropriate building for the people who own, manage and occupy it.

Liu (1999) stated that post occupational evaluation of a building provides mechanisms for feedback for both users and professionals. This research also implies that a reliable set of design quality indicators can be developed through building evaluation by users and professionals.

Other prominent individual researchers, such as Seeley (1987), Zavadskas, Bejder and Kaklauskas (1998) and Wood (2003) and organisations, such as Chattered Institute of Builders (1982), Building Research Establishment (1983), Housing Corporation England, (2007) and CABE (2006) have addressed design quality, building maintenance, building decay and faulty design. Most of these individuals and organisations followed a systematic approach to conduct research, by identifying problems through surveys and judging their gravity through literature appraisal, data analysis and suggestions.
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Figure  1. Research Path



FRAMEWORK DEVELOPMENT

The framework was developed from preferential studies of housing quality variables. The quality variable was evaluated and extracted from earlier studies by scholars and organisations. A framework was established from available references. The design quality matrices were developed through the work of field experts to establish the framework for this study. The corresponding quality variables were evaluated from precedent studies and then synthesised accordingly. The synthesised design quality variables are listed in Table 2. These variables were further grouped by their respective placement in the building design phase. The schematic is shown in Figure 2.
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Figure  2. Framework of Housing Quality Matrices



Matrices of Design Quality

Matrix 1 incorporates the findings of Abdul-Rahman, Kwan and Woods (1998), who identified the design elements influencing the quality of low-cost housing. The following quality features are important in determining housing quality:


	Layout of the flat (e.g., living area, kitchen, bathroom, bedrooms, balcony, etc.)

	Workmanship (installation of ceiling, door, window, tiling, painting, plastering, plumbing work and electric wiring)

	Garbage collection system

	Environmental conditions (e.g., air quality, noise, traffic congestion)

	Appearance/design

	Internal conditions (lighting, ventilation and temperature)

	Accessibility (shops, school, market, parking lots, playground/park)


Matrix 2 was developed from the Scotland Housing Quality Standards (2007). These key quality standards were developed and implemented by Scotland in 2004 to maintain housing quality in the country.

Scotland determined these housing standards through a government initiative. The Scotland Housing Quality Standards is intended to ensure that Scotland’s social housing provides decent homes for people to live in. The Scotland Housing Quality Standards were introduced by the Ministry of Communities in Scotland in 2004, but a more recent progress report was also included. The standards provide criteria composed of five items that a property must meet. These items include the following:


	Above the tolerable standard

	Free from serious disrepair

	Energy efficient

	Modern facilities

	Healthy, safe and secure


Matrix 3 illustrates the HQS developed by the United States of America and highlights the minimum quality standards for housing in the US. These standards were planned by the United States Department of Housing and Urban Development for the provision of healthy homes (Department of Housing and Urban Development 2004). According to Department of Housing and Urban Development, housing quality can be evaluated in terms of performance and acceptability criteria from the following 13 key aspects of housing quality:


	Sanitary facilities

	Food preparation and refuse disposal

	Space and security

	Thermal environment

	Illumination and electricity

	Structure and materials

	Interior air quality

	Water supply

	Lead-based paint

	Access

	Site and neighbourhood

	Sanitary conditions

	Smoke detectors


Matrix 4 was prepared from the study by the CABE (2006), which is the United Kingdom’s champion of design quality. Several key facets of design quality are identified:


	Function

	Appearance

	Context

	Buildability

	Maintenance

	Sustainable characteristics in town and landscape

	Quality of urban realm

	Accessibility and local permeability

	Legibility

	Adaptability

	Diversity and choice


Matrix 5 shows the set of Housing Quality Indicators developed by the Housing Corporation England (2007). These indicators identify and develop performance measures set for the core performance of a house. The specified Housing Quality Indicators provides guidelines to ensure better housing quality.


The Housing Corporation mentions that housing providers should produce well-designed, good-quality housing to meet identified needs in places where people want to live. The Housing Corporation assesses achievement against the following core aspects of performance standards:


	Internal environment
a. Size

b. Layout

c. Service provision



	Sustainability
a. Code for sustainable homes



	External Environment
a. Building for life




Matrix 6 was developed from a study by the Building Research Establishment (2007). Building Research Establishment outlined the design quality standards and called them Design Quality Indicators. Design Quality Indicators is distinctive because it charts the quality standards for housing and for the type of building, such as a hospital office or an institutional building. The following are considered the quality indicators for various built forms according to Design Quality Indicators:


	Exterior architecture

	Internal fabric and finishes

	Electrical design system

	Summer time overheating

	Sustainability

	Site planning

	External material

	Sourcing of repairable items

	Visual environment

	Maintainability

	Interior design

	External and internal details

	Air quality

	Space planning

	Junction detail

	Heating comfort


Synthesis of Matrices

Table 1 shows the synthesis of the matrices. During the synthesis process, design quality determinants were evaluated from the available matrices defined by experts in the field. The design quality determinants are also listed in the table, with each matrix marked. The process of synthesis sorted the determinants that belong to more than one matrix, with the resultant matrix shown in Table 2. Colour coding was developed to explain the synthesis of quality determinants and to highlight the severity of each determinant. For example, the highest to modestly attended determinants are shaded in grey and the least attended determinants are shown in white.

The corresponding determinants in Table 1 are the appraised design quality determinants and are re-assembled in their respective categories, as shown in Table 2. The resulting matrix was prepared by dividing the corresponding design quality determinants into various categories depending on their location in the design phase and the interrelation of respective determinants.


Table 1. Synthesis of Matrices
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Notes:
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Table 2. Resultant Matrix
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Resultant Design Quality Matrix

The resultant matrix of design quality determinants is shown in Table 2. This matrix was obtained through the process of synthesis. Synthesis was used to evaluate each design quality determinant derived from the available matrices of design quality indicators.

All six available matrices of design quality, as shown in Figure 1, were plotted with constituting quality determinants (Table 2). Each listed design quality indicator was checked for its presence in available matrices. The hierarchy of attendance was marked and highlighted by shaded coding.

The resulting matrix was developed according to the criteria of higher attendance of each quality determinant. The resulting matrix comprised only those quality determinants that had higher attendance in the available matrices of design quality indicators (refer to Section Analysis). The resultant matrix was divided into five sections, representing the eight stages of housing design (Table 2). Areas in the resulting design quality matrix are as follows:


	Architecture and Site Planning

	Structure

	Construction

	Building Services

	Health Safety & Security

	Users Comfort

	Maintenance

	Sustainability


The final resultant matrix contains the eight major areas of building design listed above grouped into five sections (refer Table 2).

ANALYSIS

This section demonstrates the ranking of the determinants in a table to set their priority. The set priority indicates the importance of each determinant in housing design quality. The appropriate determinant requires knowledge of the presence of each determinant in various matrices of design quality. This analysis will remove the most and least common determinants in various matrices of design quality discussed previously. The most common determinants were considered important or very important aspects of housing design quality. The least common determinants were considered the least important aspects of housing design quality. This comparative analysis accurately shows the globally acknowledged quality determinants of housing design. A detailed and preliminary HQD model was generated from the matrix analysis and synthesis shown in Table 1. There are 44 design quality determinants in seven sections, 17 quality determinants were of high priority and nine quality determinants were set at a medium priority. The remaining 18 quality determinants were identified as low priority (Table 1). The trend demonstrated that 40% of quality determinants are of low priority, 20% are of moderate priority and 38% are of high priority. This research considers the determinants that earned high to moderate ranking in the synthesis process to obtain a comprehensive and reliable HQD model. The selected housing quality determinant framework is shown in Figure 3. The figure shows the schemata of the HQD framework with the contents drawn from all seven sections.
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Figure  3. Housing Quality Determinant (HQD) Model



VALIDATION OF THE RESULTANT HQD MATRIX

This stage validated the resultant matrix of HQD resulting from the synthesis of various matrices and its interpretation through unstructured interviews with people who served as the respondents of this research. This research considered secondary data alone to be insufficient for consolidation of the HQD matrix and therefore planned a validation stage to ascertain the understanding of the respondents about the HQD matrix. Unstructured interviews were conducted at various housing sites (refer to Section Methodology) to verify and validate the contents of the HDQ matrix. This practice provided the opportunity to develop a direct interface with users and to check the reliability of the HQD. This activity also aided in testing the HQD matrix at various study sites (refer to Section Methodology) to evaluate the design quality of current housing. A/E/C professionals were consulted to obtain professional validation of the HQD matrix.


The unstructured interviews were conducted by two principles:


	Do the respondents identify the contents of the HQD matrix as design deficiencies?

	Do the respondents agree with the contents of the HQD matrix?


Both users and professional respondents have acknowledged that housing blocks are experiencing problems that have resulted from low-quality design, planning and lack of maintenance. This study revealed that most housing stocks at different sites have common quality problems, such as poor service design and construction, different types of dampness, facade deterioration and improper elements for weather protection. The research also discovered that in the Gulshan Iqbal site, with the exception of the luxury of more space, users faced similar problems associated with the housing stock of the Federal Blue Area. The most significant quality problems highlighted by users included thermal comfort, poor construction and material and absence of a sustainable source of energy. The users were unsatisfied with the housing design and experienced problems attributed to substandard work.

Discussion during the interviews with users revealed that the HQD matrix presented the true picture of the housing quality in Karachi. Therefore, its contents are viable for use as design quality indicators. A/E/C professionals have advised that this matrix should be validated every five years to maintain its viability as a matrix for housing quality evaluation. Residents of affordable housing in which case studies (refer to Section Methodology) were conducted have shown their agreement with the contents of the HQD matrix and also found it to be a useful design quality assurance tool for prospective home buyers in Karachi.

CONCLUSION

The basic aim of this research was to develop quality determinants for housing design (HQD) in Karachi, Pakistan that would help develop awareness among design professionals and end-users and would enable them to identify measures to ensure quality in housing design.

The HQD model established in this research is an integration of significant findings during research development (Figure 2). These findings include the development of a research framework, resultant matrix for affordable housing in Karachi, a list of quality characteristics for affordable housing and design, ranking of quality indicators, models of quality indicators and a validated HQD model.

The fully developed HQD model could provide the appropriate platform as a basis for understanding and addressing the problem of affordable housing quality. The HQD model was developed with the intention of introducing and bringing quality characteristics to the affordable housing market of Karachi.

The HQD model has a tendency to adopt or reject any change in the future. It is formulated such that it allows for both horizontal and vertical growth, both in the quality characteristics and in the sub-indicators of affordable housing quality. For example, horizontal development is possible in the context of quality characteristics and vertical development could be recorded in the quality indicators. The flexibility of the HQD model has enabled it to comply with the future needs of affordable housing in Karachi. The flexibility of the HQD has also added another salient feature that could enable its use for the assessment of housing quality in other parts of Pakistan. The HQD could also be used in regions of the world with similar housing problems including China, Bangladesh, Sri Lanka, Indonesia, India, South America, Central Asia and certain Arab−speaking countries.

HQD has multi-dimensional benefits for users and professionals. This model can facilitate the understanding of the quality of housing and provide options for investment in housing for the common man. The HQD model can work as a check list tool for the use of young professionals (A/C/E) in creating new housing designs. This model is a tool for valuators and quality assessors to ascertain the condition of a building for various purposes, including mortgage and dilapidation surveys.
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