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Abstract

:

Due to the highly competitive commercial environment in the market in Yemen at present, the construction industry in Yemen, like other industries, is under pressure to reduce product development time and overall project costs, improve product quality, and satisfy customers. To keep pace with the competitive environment of the market in Yemen, most enterprises tend to adopt the best and new technologies, new management concepts and philosophies such as Total Quality Management (TQM) and concurrent engineering (CE) to achieve improvements in the process of product development. In this paper, the problem of fragmentation brought by the serial engineering in construction in Yemen is discussed firstly. Then, the integration process and CE adoption by the construction industry in Yemen are explained for enabling construction agencies in Yemen to improve the development process of their projects and to solve the current fragmentation problems such as the lack of communication, adversarial culture and the lack of customer focus, which allows the construction process to improve and become more effective and efficient.
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1. Introduction


The new developments in Information Technology (IT) and information systems have created a very competitive environment for all organizations in all sectors including the construction industry. Due to this situation, construction organizations must adopt some developments to support their business environment accompanied by the implementation of new management concepts such as concurrent engineering (CE) [1]. CE can make the construction industry more integrated and less fragmented, as well as improving construction product quality, reducing the construction project life cycle and the total construction product cost [2]. CE is a systematic approach to the parallel and integrated design of products and their associated processes, including manufacturing and support. The basic concept of CE is to consider all the factors of the product life cycle (including quality, cost, schedule and user requirements) at the beginning of product development, which can shorten the time to market and improve quality while controlling costs [3]. The implementation of CE in the construction industry requires a series of changes, which can be divided into two main aspects: the managerial and human aspect and the technological aspect. The implementation of CE can be divided into four dynamic stages: preparing for change; creating a team environment; team bonding and sustaining CE [4]. This paper discusses the current problems in the construction industry in Yemen and how to benefit from the implementation of concurrent engineering in the construction industry in Yemen to solve the problems caused by the use of serial engineering in the construction industry, and the integration of systems and teams to support CE execution.




2. Current Issues in the Construction Industry in Yemen


Yemen is a developing country, where problems in construction projects often lead to extra costs and delays. Studies show that in some developing countries, the actual cost of construction projects exceeds the original contract price by 30% when the project is completed [5,6]. The successful execution of construction projects, keeping them within the estimated cost and the prescribed schedules, primarily depends on the existence of an efficient construction industry which is capable of sustained growth and development to cope with the requirements of social and economic development and to utilize the latest technology in planning and execution [7,8,9].



According to a report by the Yemeni Ministry of Public Works and Road, in the first seven months of the civil war in Yemen, the estimated cost of damage to infrastructure was more than $14 billion [10]. A survey by the Yemeni Ministry of Education also indicated that 1671 schools suffered damage, 387 needed major reconstruction, and 250 were destroyed in the civil war. The estimated cost of the damage was more than $300 million [9]. Due to the intensity of the civil war, reports can only assess the damages in the cities of Sana’a, Aden, Taiz, and Zanzibar, and data collection was stopped in October 2015. These data found an estimated $3.6 billion in damages to private homes. The total cost of rebuilding the damaged power facilities in the four cities is estimated at $335 million, most of which goes to repairing damaged power plants [9].



Yemen is a developing country where project management often relies on traditional methods in most industrial sectors, including the construction industry. The construction industry in Yemen is an essential sector in the national economy of the country [11,12,13]. The majority of the construction projects in Yemen has been carried out in the past within expensive and costly construction and design practices, resulting in low-quality buildings [7,14]. The construction projects in Yemen are the fourth largest employer of the workforce in the country, amounting to 9–10% of the working population, and the average annual growth rate of the sector is approximately 5.4%, which is effectively contributing to the economic growth of Yemen [8]. However, it is also very late in adopting new developments in IT and modern management practices such as CE, which can improve the competitive environment of the construction industry in Yemen in terms of cost reduction, non-delay in the delivery of projects, and the enhancement of product quality. Therefore, the construction companies in Yemen are required to develop the methods of operations by means of using the current project management methodologies to improve the construction process and overcome the defects found in traditional engineering. The most common problems from the fragmentation of the construction processes are a lack of sense of identity, promoting a adverserial culture, lack of communication between contractors and designers during the design stage, and a lack of feedback loops or coordination between the design and construction process, etc. [15,16]. The most critical issues in the construction process and its impact on the project will be discussed in the next section.



The most common problem of applying traditional engineering in the construction industry is how to separate the design from the rest of the construction process. In essence, the common contract strategy is based on the lack of sense of identity and the promotion of adversarial culture or coordination between design and construction [17]. This method usually leads to inefficiency, which is caused by increased project complexity, increased project cost, an inability to control the project period, etc., during construction. Figure 1 shows how traditional engineering works in the construction industry in Yemen.



The report by Egan [18] was highly critical of the current nature of the construction process, which is often served as a barrier to the use of the skills and knowledge of all the project partners effectively during the design and planning of the project. Many previous studies have also suggested that other experts should be involved in the first stage of project design, such as designers, mechanical engineers, electrical engineers, building technicians, and other facility management experts [19,20]. Therefore, the structure of the current construction industry in Yemen contains the potential for conflict when participants try to transfer risks to others [15], e.g., the goals of the designer and builder are different during the design and construction stages: the designer wants a practical design that reflects his philosophy, while the builder wants to design a buildable product with limited risks [15].



In the regulatory context, the fragmentation of organizational work in the construction industry in Yemen, which occurs under the application of traditional engineering, is the primary cause of friction and mistrust between the contracting parties. The fragmented traditional approach will also create some related problems such as [21]:



Lack of communication [22]: Many studies and research in the construction industry have confirmed that the lack of communication between different teams and disciplines is a major problem faced by the construction industry [23,24,25]. Communication between contractors, subcontractors, and designers is often limited at the early stage of design [26]. Many studies have concluded that the flow of information between stakeholders and different disciplines in the construction industry is minimal [23,24,25]. Also, researchers found that the level of communication between the main contractor and subcontractors, as well as the interaction between different disciplines within the framework of traditional engineering, is shallow, especially at the first stage of the design process [27]. As mentioned above, the most successful design of large multi-disciplinary project requires extensive coordination among the various project teams to ensure that all the inter-disciplinary interactions such as architects, civil engineers, and quality registrars are facilitated and all the parties are kept abreast of the continuous changes in the state of the project. The problem of poor communication leads to inefficiency, delay, and cost changes that will have an impact on project coordination and project schedule. Additionally, the design and construction processes in traditional engineering hinder the integration of design and construction, reducing the opportunity for the influence of design decisions by professionals and contractors as well.



Adversarial Culture: The construction industry is known as a complex industry, whose essence is based on temporary relationships between different parties. As explained above, the problem of fragmentation in the construction industry is not only in the relations of the project but also in the operations of the project itself, whether using traditional methods or modern methods of construction. For example, the current form of the construction industry contains many potential conflict points where participants transfer risks to others [15]. The issue is clearly shown among all the project teams and may be caused by a simple misunderstanding or assumptions that are mainly due to the current traditional method that is based on the separation between design and construction. In general, the construction industry is fragmented, uncoordinated and full of lack of understanding between different parties [28], hence it is focused on non-customers, and is inefficient and expensive, and requires a capable system for the parties to meet together to discuss problems.



Lack of customer Focus: In the use of traditional engineering in the construction industry, the problem of rarely focusing on the client arises, that is characterized by the lack of client involvement in the first stage of design and this lack of influence on design decisions in turn leads to the possibility of producing a product which does not meet customer requirements. Ignoring a focus on the customer leads to ignoring the real market requirements, and this negatively impacts product marketing in the construction industry [29]. A previous study criticized the performance of this industry and defined the fragmentation and separation of design and construction as the main obstacle to improve the current situation of the construction industry [30]. To improve market conditions and work to meet the customer demands, this study finds that the construction industry needs more integration and synchronization among all the parties involved in the project [15].




3. Necessity and Feasibility of the Implementation of CE in Construction


3.1. CE


CE is one of the new methods that began in the late 20th century and has great potential in reducing project development time, reducing product cost and increasing product quality. This approach integrates all components of the project, including the technology and tools used in the development process [17]. The ultimate goal of CE is to satisfy the customers in terms of the ability to provide a low-cost product, reduce time to market and increase product quality. However, the path towards the adoption of CE in the construction industry still faces many challenges [31,32]. The earliest definition of CE is “Concurrent engineering is a systematic approach to integrate and concurrent design of products and related processes, including manufacturing and support. This approach aims to enable developers to consider all elements of the product life cycle from concept to placement from the beginning, including quality, cost, schedule and user needs” [33].



CE is the embodiment of the principle of integration, which is the early involvement of all the stakeholders (the design stage). CE focuses on the stage of design and gets things done correctly in the first instance to avoid rework and redesign, and future problems in other stages of the production process. It shows the importance of integrating project participants from various disciplines and employees of different specialties in the project, as well as customers, suppliers and others, so that stakeholders from the early stages of design can participate in decision-making and influence the design [34]. This leads to the adoption of a multidisciplinary approach. The environment in CE, which is characterized by cooperation, communication and integration, distinguishes it from traditional methods. It ensures the rapid collection of information on issues and works more efficiently [35]. Figure 2 summarizes the concept of CE:




3.2. CE in the Construction Industry


The construction industry today relies on new tools and techniques that differ from traditional operating methods, such as BIM and CE, to improve and minimize project development time. However, the problems and barriers inherent in the construction industry mentioned above lead to stagnation in the process of improvements, such as the fragmentation of the project, the separation of different disciplines, and the hostile environment [33,36]. The success of CE in the manufacturing industry is one of the main catalysts for adopting it in the construction industry, due to the similarity between the processes of these two industries. Many studies are based on the assumption that construction can be considered as a manufacturing process [31]. Furthermore, the goals and objectives of CE directly address the challenges and problems currently facing the construction industry (as shown in Table 1) [37]. The importance of construction as a manufacturing process depends primarily on the similarity between the manufacturing and construction industries [35]. The most important points of similarity between these two industries are [38,39]:




	
The aim is to produce products that provide service and satisfaction to the customer;



	
Both co-handle raw materials and assemble many different pre-manufactured components in the final products;



	
Both industries are faced with similar problems the most important of which is the high cost of correcting design errors due to delayed variables, the misuse of resources and insufficient information management;



	
Both take advantage of frequent processes in designing and manufacturing their products.









3.3. The Potential Benefits of Adopting the Principles of CE in the Construction Industry in Yemen


Many researchers have proven the benefits of the adoption of concurrent engineering in the construction industry [23,33,40,41]. This method improves the performance of the project because of the factors that have been explained previously [31,42]. The benefits of this method in manufacturing are realized, but similar results in the construction industry are scarce, despite much empirical evidence. This includes the advantages of simultaneous reduction and even elimination of non-value-based activities, thus producing a more precise design, all through the involvement of all the stakeholders in the project, multi-disciplinary teams, and the multi-functional teams. There are many potential benefits that the construction industry in Yemen can experience from implementing the characteristics of CE in their organizations [3,43]. The application of simultaneous engineering principles in the construction industry in Yemen helps demolish the “invisible wall” that separates the different functional organizations and makes them function as a robust cooperative team that shares the goals and objectives of the project. This is done by the participation of all the different disciplines in the first stage of the project (design). Another significant benefit is the ability of construction companies to reduce and control the project life cycle and the ability to deliver the project in time. This problem is more common in the traditional construction industry. The use of CE in the construction industry in Yemen makes the public environment of the industry less adversarial, more cooperative and coordinated. The implementation of such a method will increase confidence between different disciplines and stakeholders and the ability to produce a product of high quality and with less cost, and is done by reducing the chances of re-work and minimizing the time of arrival of the product to the market and good control of the delivery dates of the project. It is also essential to make the construction industry more competitive. The implementation of this method in the construction industry in Yemen makes this industry environmentally friendly through its ability to reduce waste.





4. Application of CE in Construction Industry


4.1. The Goal for CE in the Construction Industry


CE is the product of a competitive production system in the increasingly global market. Its application is to acquire competitive advantages and better meet the needs of customers, so enterprises can shorten product development time, improve product quality, reduce product production costs, enhance after-sales services and protect the environment. That is, the competition around Time, Quality, Cost, Service, and Environment (TQCSE). The concept of CE is applied in the construction industry to ensure project quality, reduce construction costs, shorten the construction cycle and improve customer satisfaction.




4.2. Construction Organizational Structure Model Based on CE


The application of the construction organizational structure of CE is more systematic, which breaks through the boundaries among different organizational units within the organization, centers on construction of a new flattening cross-departmental, cross-disciplinary and multifunctional organization pattern. During construction project management, the parallel organization teams should integrate personnel from different fields including developer, architectural design, structural design, construction unit, consulting unit, project supervision, and property management, and even include the building material supplier, component manufacturer and representatives of future owners. The application of the team organization pattern in the parallel process greatly enhances effective information exchange and cooperation among the personnel of different departments in the whole life cycle of the engineering project and makes possible the consideration of problems in the whole life cycle of the project in the design stage.



Under the guidance of CE, team members have the same working goals and methods in the stage of production and construction, and also take some responsibilities, including all parties involved in the whole cycle process of the project, such as the developer, owners, and the designer. The team is composed of groups with various specialties, integrating various disciplines and different knowledge structures, so as to create an efficient team with high comprehensive quality and to become the subject of CE in construction projects.



Unlike the previous production management patterns, the organizational team pattern in CE reduces problems in the later stage of the project due to a lack of consideration of the interests of some participants in the early stage of project development. Meanwhile, the organizational structure of the parallel team is conducive to considering the interests of all the parties involved in the project in the early stage of project construction, so that the implementation process of the whole project and the final construction products can meet the interests of all the participants better through joint decision making. Therefore, the organizational structure of construction project based on CE (as shown in Figure 3) is proposed. The organizational pattern has the following functions:




	
It significantly improves the information transparency of the project and enhances the efficiency and validity of information exchange among the project participants.



	
It is helpful for the project participants to know the construction situation of the project in time and improve the integrity and parallelism of the real estate project development.



	
It is more conducive to the timely update of project information, thus avoiding project delay caused by information delay and shortening the time of information transmission and processing.



	
The concurrent organization team exchanges information with each other based on the project communication and coordination information platform, thus forming a very nice working atmosphere, and successfully applying the concept of CE in the construction process of the project.









4.3. Construction Workflow Management System Based on CE


The construction process of development patterns in original construction projects follows serial steps, with very clear boundaries between stages and unidirectional information flow and sometimes unrealistic schemes considered in the design stage, which result in some difficulties in the subsequent construction process. These construction problems can only be shown in a certain stage, causing the developer complaints and rework. Construction projects based on CE are required to establish a new organizational structure system, and traditional serial engineering is no longer applicable in a parallel development pattern, so it is very important to create a new work process suitable for a parallel development pattern. In this study, a diagram of the management and control system for a construction project is shown, which integrates the concept of CE (as shown in Figure 4).



“The CE development pattern” takes the concept of CE as the core starting point to consider the problems existing in the production process. Therefore, compared with the traditional plans and control methods of serial engineering projects, it has the following features:




	
Comprehensively considering the sharing of information resources among different departments and units of the project, thus greatly improving the efficiency of project construction and effectively reducing construction cost.



	
The concept of CE uses information flow to control material flow to ensure the smooth progress of the project and increases the management efficiency of the enterprise.



	
The concept of CE conforms to the needs of increasing amounts of project management information and accurately describes real-time information, dynamics and the interconnection of different departments and units of the project.








There are still many barriers to the uptake of CE and consideration needs to be given to overcome them to ensure successful CE implementation, such as, low awareness and understanding of the concept of CE, lack of trust between team members, and the conservative nature of the construction industry in Yemen. These barriers can be overcome by periodic training for all workers in the construction industry, providing a platform for collaborative work between different disciplines and stakeholders, promoting collaborative work and sharing knowledge, as well as the adoption of established information and communications technologies [41].





5. Conclusions


Over the past three years, Yemen has gone through a devastating war that has almost destroyed the country’s infrastructure, from hospitals, schools, universities, factories, roads, etc. After reaching an agreement to end the war, Yemen needs to implement the use of CE as a quick reconstruction of all its infrastructure. As previously discussed, many studies and statistics show that the nature of the current construction industry in Yemen depends on the traditional method (fragmentation), which depends primarily on the separation of professionals during the design and construction periods. One of the disadvantages of this method is its inefficiency during the construction stage by increasing the complexity of the project, increasing rework, producing a hostile environment, lack of communication among the stakeholders, and the inability to control the life cycle of the project. That is to say that the construction industry in Yemen needs to use new methods and techniques to develop and improve its work and make it more competitive. Many new technologies such as CE proved successful in manufacturing. By regarding the construction activity as a manufacturing process, the application of CE in the construction industry makes this sector less fragmented, more integrated and more collaborative.



This paper illustrates the basic principles of CE and its applicability in the construction industry. The contribution of this research in the construction industry is to adopt new methods such as CE to reduce the problems existing in this industry such as lack of communication, adversarial culture and lack of customer Focus. The application of the concept of CE in the construction industry is a new method, encouraging a change of culture and practices in the integration of different project processes. The aim of using CE in the construction industry is not only to introduce new methods and work practices but also to improve efficiency such as reducing construction time and rework. As shown in the objectives and benefits of CE, it has the ability to change the construction industry in many aspects, including improving competition, quality, customer satisfaction, and reducing cost and time.



As mentioned above, there are many benefits to implementing the concept of concurrent engineering in the construction industry in Yemen, yet implementing this concept is not easy. Before the adoption of the concept of CE, construction industry organizations should assess the readiness of these organizations to implement this concept. In the next study, we will focus on some of the construction industry organizations in Yemen and evaluate their willingness to apply the concept of CE. In light of these results, we can give suggestions and solutions to these organizations to achieve full readiness to implement the concept of CE and ensure the success of this model in the construction industry in Yemen.
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Figure 1. The over-the-wall approach. 
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Figure 2. A framework for understanding concurrent engineering (CE). 
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Figure 3. Organizational structure of the construction project based on the concept of CE. 
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Figure 4. Diagram of management pattern and control system for a concurrent engineering construction project. 
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Table 1. The rationale for the adoption of concurrent engineering in the construction industry.
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	Need to Change in the Construction Industry
	Goals and Principles of CE





	The need for change in construction is due to the non-competitive nature of this industry, the inability to satisfy the customer in full regard to costs, quality and time.
	The primary goals and principles of concurrent engineering include customer satisfaction, providing a competitive environment, reducing product development time, cost, and quality improvement.



	Integration and coordination are considered in the construction process as one of the most important strategies to solve the problem of fragmentation in the construction industry.
	The adoption of the concept of concurrent engineering in the construction industry facilitates the integration of members of the product development team and the manufacturing process, thus improving the product development process.



	The strategies that are emerging to promote the construction process are inadequate, as they only address one side of the problem.
	CE provides a framework not only for integrating construction processes but also for the various tools and technologies used in the process.











© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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