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Abstract

The theme of this “1st Global Colloquium on Recent Advancements and Effectual Researches in Engineering, Science and Technology” is: “Human Empowerment through Technology”. One of the ‘areas’ is Civil Engineering, and the topics under that area are: Structural and Construction Engineering, Advanced Construction Materials, Transportation Engineering, Environmental Engineering and Water Resources Engineering. One of the sub-topics is: “Construction Materials and Management”. The paper is on Construction Management. 

The aim of this study is to contribute to the effort to improve the quality of life of our populations by applying new science and technology to enable the construction industry of India to play its due role in national development with greater efficiency and effectiveness. Construction is a little understood and not well appreciated industry; the construction industry has little public or even official presence. It is rare to see comprehensive plans being made to prepare the industry for the tasks it must accomplish in order to improve the quality of life of the citizenry. What are the built products that India will need in future? What kind of construction industry will be required to deliver these products? What will be the economic, social and environmental impact? What needs to be done to prepare the industry to fulfil its tasks in building these items? What will the enablers and constraints be, and what will be the pre-requisites for effective action? How can the construction industry enhance its capacity and capability as it builds the future items? How can India best use the construction industry which emerges from the development of the future items?

To establish how the construction industry can be prepared for its future tasks, an understanding of the construction industry, the construction process and the constructed output is important. Thus, the objectives are to find answers to these questions: What is the nature of the construction industry? What does the industry need to perform well? What is the current position in terms of the performance of the industry in India? How does it compare with the situation abroad? How can the industry better utilise the innovations which will be made available through progress under each of the topics covered in this colloquium? How can we move the construction industry of India forward?

It is argued that all the subjects covered in this colloquium are important to the development of the construction industry’s capabilities. A key point is how the areas of focus and knowledge in science and technology covered in this colloquium are brought together to deal with the problems and issues at hand in order to make any product or facility. This will involve a combination of hard and soft skills. It will be necessary to understand systems, processes and procedures as well as people, both as individuals and as groups. Soft skills under motivation, leadership, professionalism, and stakeholder management have to be developed among scientists and engineers as well as policy makers. Education and research have a role to play.

CONSTRUCTION

What is the construction industry? There are various definitions of the construction industry. Considered as a segment of the economy, construction is the industry which plans, designs, builds, renovates, repairs, maintains and eventually demolishes buildings and infrastructure items of many kinds (Hillebrandt, 2001).

How important is construction? Construction is a significant sector of the economyof every nation. It contributes to economic growth directly; it also stimulates activities in other sectors from which it acquires its inputs. Construction provides employment. The construction industry provides the basis for long-term national socio-economic development from the buildings and items of infrastructure it puts in place. The construction industry is recognized as being vital to any country’s competitiveness, growth and prosperity; and the quality of life of its citizens. In India, the construction industry was responsible for 8 percent of GDP (at constant prices) in the five-year period, 2006-07 to 2010-11 (Planning Commission, 2013) primarily on account of increased spending on physical infrastructure, mainly highways. This figure is relatively high, as it tends to be 5 percent or below in many countries. The figure also depends on how the “construction industry” is defined, and can be much higher if the entire value chain of the industry is considered. For example, in Australia, Hampson and Brandon (2004) found that construction accounted for 14.4 percent of GDP (instead of the 6.3 percent in the national accounts data). 

In India, it is estimated that 40-45 percent of steel; 85 percent of paint; 65-70 percent of glass and “significant portions of the output from automotive, mining and excavation equipment industries” (Planning Commission, 2013, p. 362) are used in the construction industry. “The forward and backward multiplier impact of the construction industry is significant” (p. 362). This feature is well recognised. For example, the Government of Ireland (2014) noted that in its path towards economic recovery, the country needed a strong and sustainable construction industry, because it needed good quality homes, high-quality commercial developments to underpin recovery and growth, and infrastructure fit for the future. The construction industry in India is the second largest employer after agriculture; its total employment rose steadily from 14.5 million in 1995 to 31.5 million in 2005 and then to 41 million in 2011.

Who is involved in construction? Construction has a wide range of stakeholders. They include those with direct involvement in the project such as clients, designers (including planners, architects and engineers of many types), constructors (also with various specialisations), cost specialists, management specialists, end purchasers and the users of the premises or item of infrastructure. Other participants include government agencies and business organisations in the operating environment of the industry’s enterprises such as suppliers and financial institutions. Other stakeholders have a more indirect interest, and include community groups and the media. The roles of the various participants, and the practices and procedures differ from one country to another, providing possible learning and sharing opportunities among the countries.

The construction industry has a multiplicity of small firms with work poor prospects, capacities and capabilities. For example, there were 31000 enterprises in the construction industry in India in 2011 (Planning Commission, 2013). Over 95 percent of the firms employed less than 200 persons; over 3 percent or (some 1050 companies) employed between 200 and 500 persons and only a little over 1 percent (or 350 firms) had more than 500 employees. This pyramid structure is a typical feature of the construction industry, mainly owing to the low barriers to entry. 

What are the features of a constructed item? It is widely recognized that constructed items have peculiar features which set them apart from other products. These include the high cost and indivisibility of the items; the long period of gestation of each item; and the large number of participants in each project. Another feature is the extent of the government’s involvement. The government is a major client, regulator and facilitator of enterprises and participants. Constructed items are location specific, making them susceptible to any specific features of where they are to be built. Finally, the built items are expected to last long. Thus, there is a need for quality and durability in the built items. These features are common everywhere (Ofori, 1993).

What is the construction process? The construction process starts from the predesign stage, through the design stage, the procurement process, construction period, operation atages and the time when the built item is in operation, and to the point where the item is demolished and its debris disposed of. The construction process involves a series of interdependent activities undertaken by different persons and groups at different stages, which are shrouded in uncertainty (Higgin and Jessup, 1975). Thus, there is the need for effective management at every stage, and the level of risks is high. Owing to the nature of construction, in particular, its possible impact on health, safety and the environment, construction is subject to an array of regulation. Thus, there is the need for the design and construction teams to seek an array of approvals. 

DEVELOPING THE CONSTRUCTION INDUSTRY IN INDIA

[bookmark: _MailOriginal]What actions have been taken in India to develop the construction industry? Construction Industry Development Council (CIDC) was formed by the Planning Commission and the industry “to take up activities for the development of the Indian construction industry”. The Council “provides the impetus and the organisational infrastructure to raise quality levels across the industry”. Its vision is:
· We will attain and sustain a qualitative improvement in work methods, technology levels and standards of service 
· We will harmonize the efforts of various segments of the industry, construction bodies, construction agencies, central and state government units and consultants to achieve shared goals 
· We will seek and secure for India's construction industry an enhanced professional status leading to a wider social acknowledgement of the pivotal role played by the construction industry 
· We will emphasize the construction industry's potential to not merely conserve but also upgrade ecology and environment 
· We will enhance the skill levels and earning potential of workers in the construction industry and institutionalize a concern for their welfare, safety and health 
· We will put in place mechanisms that will replace subjective appraisal with scientific methods of evaluation and transit from price centered economics to a value based professional ethos
· We will function as an industrial constituent fully conscious of our responsibilities and keen to discharge our large obligations to society and the nation.

CIDC is one of the few dedicated national construction industry development agencies in the world. There are similar organisations in Hong Kong, SAR, Kenya, Malaysia, Singapore and South Africa. Indonesia has recently set up such an agency. In pursuing its vision, CIDC declares that it “has successfully facilitated the process to accord Industry Status for Construction in India”. CIDC's other major contributions and initiatives are: 
· advise the government on policy formulation related to construction industry
· facilitate standardisation of construction contracts and procedures
· interact with international organisations to upgrade construction technology
· create a vast pool of trained manpower at all levels 
· devise mechanisms for workers’ welfare
· create an environment which ensures equality of opportunity for all Indian contractors
· help evolve policies for financing
· help the industry to move from the current rule bound, lowest-price-based contracting to a more quality-conscious, time-bound, technology-driven orientation in all its activities. 

Attainments in industry development in India under the country’s Tenth and Eleventh Five-Year Plans are shown in Box One.


	
Box One Developments during the Tenth and Eleventh Five-Year Plans

Some notable achievements during the previous plan periods have been:
1. Construction Sector was declared as an industrial concern under the IDBI Act in March 2000 in order to increase the flow of institutional credit to the sector
2. National Human Resource Development (HRD) initiatives were implemented in the non-formal sector, from the workers’ level to the upper levels of engineers and managers
3. The Arbitral Institutions for resolution of business disputes in construction industry were set up. Institutional Arbitration has taken root with the operationalisation of the Construction Industry Arbitration Council
4. Disaster identification and mitigation centres were established; they helped in development of a well-trained professionals who can undertake disaster mitigation activities
5. Institutions and implementation plans for safety- and quality-related issues were set up
6. State-of-the-art global technology was obtained through strategic associations between industry, government and international bodies
7. Information on good work practices was disseminated, and an action framework for quality and safety audits, assessment and certification launched. Training of manpower both for practice and research was also initiated
8. Procurement practices for the public sector were improved, and regulatory manuals developed to ensure quick and effective procurement procedures
9. Electronic tendering process, online publishing of tender notices and related procedures are becoming more common
10. Models of public-private partnership in construction activity were set up
11. Consultancy and advisory services were developed in project and construction management, procurement services, regulatory issues, and technology
12. Construction Industry Vocational Training Council was set up at the national level to provide training at vocational and supervisory levels
13. Safety record of the industry has shown improvement. The accident frequency rate fell from 0.009 accidents per million man-hours worked in 2007 to 0.006 accidents per million man-hours worked by 2011, due to professionalisation of large contractors
14. On account of better training opportunities and enhanced mechanisation, productivity per person in the industry increased from IR78440 in 2007 to IR98620 in 2011
15. A national level comprehensive Green Rating Initiative has been formulated and is ready to be launched
16. National level awards (Vishwakarma Awards) which were instituted by CIDC for outstanding performance have received a good response. The awards are for persons at all levels, from artisans to industry captains; and for projects, with categories including Safety, Health, Environment and Special Features
17. Publication of construction cost indices, sponsored by Ministry of Statistics and Programme Implementation (MOSPI) have received a good response from project owners.

Source: Planning Commission, 2013.




Construction technology development in India: recent assessment

Have there been improvements in construction technology in India? Planning Commission (2013) notes that, over the years, the equipment used in construction in India has improved significantly to enable the attainment of better productivity, safety and accuracy. Further developments include: evolving sustainable construction practices; enhanced usage of precast products; close proximity radiography; concrete production and placement; earth moving and mining; automation to enhance productivity and safety; facilitate availability and deployment of construction equipment through incentives and penetration of good practices into rural construction sector and low cost housing.

What are the plans for construction technology development in India? Planning Commission (2013) also noted that research and development (R&D) in the construction industry needs to be built around a vision of delivering inclusive growth supported by collaboration between the research providers and the research users. The challenge for construction is to establish a framework which supports innovation, research, development, demonstration and use of knowledge for benefits to society at large. Such a framework would be built around integration of various technologies into viable assets; developing designs and practices for climate control; developing new materials and construction techniques; asset management deploying ICT from conceptualisation to construction; automation in design, construction and operation; and risk mitigation. Moreover, focus is required on construction materials to help answer questions such as: which alternatives have the lowest resource inputs and environmental emissions and wastes throughout their life cycle? Since the country has a variety of geophysical conditions, technology should be adaptable to local conditions.

Constraints in the construction industry in India

The construction industry in every country faces some issues. Those highlighted in a recent review of the UK construction industry include (HM Government, 2013): 
1. low vertical integration in the supply chain, with high reliance on sub-contracting which often leads to fracture between design and construction management and to lost opportunities to innovate
2. low investment in R&D and intangible assets such as new processes (particularly in contracting) due to uncertain demand for new goods and limited collaboration
3. lack of collaboration and limited knowledge sharing; learning points from projects are often team-based and lost when the project ends and team breaks up; there is low technology transfer
4. high construction costs in comparison with foreign competitors, driven by inefficient procurement and processes rather than material input costs.

The construction industry in India faces many constraints (Planning Commission, 2013). 
· Less than 6 percent of construction workers had structured training. The governments’ skills upgrading schemes are not adequate and very few large firms have training programmes
· Construction firms in India are regulated under a multiplicity of laws; there is no unified regulatory framework
· There is a lack of an efficient and stable regime for dispute resolution in contracts, leading to costly and time-consuming disputes between clients and contractors
· There are shortcomings in the contracting procedures. The procedures are cumbersome and costly for project owners and contractors. It is estimated that the cost of procuring, supervising and monitoring incurred by the project owner is 22 percent of the cost of the asset created 
· There is also lack of standardization of core contract conditions, contract procedures and evaluation criteria. There is also a view that the contract conditions are not equitable 
· Time and cost over-runs are often caused by ambiguities in contract conditions governing delays by project owners, resource mobilisation through advances and cost escalations 
· The industry is faced with high operation, maintenance, and financial costs
· Although the flow of bank credit to the construction industry has improved, institutional finance still remains inadequate and costly
· Construction suffers from poor state of technology (due to low technology used in manufacturing of materials and to low technology used during construction) leading to inefficiencies, wastage and low value added
· The quality of construction has been recognized by the industry as a weakness
· The productivity growth of the construction industry has shown a positive trend in recent years on account of better training and higher mechanization, but it is an average of 35-45 percent lower than in other countries such as China, US and in Europe (at purchasing power parity)
· Investment in R&D is 0.03-0.05 percent of the investment in construction as against 1.50 to 2.00 percent in South-East Asian countries and 4-6 percent in developed economies.
These and other constraints require to be redressed during the Twelfth Plan period.

Are there other issues that India should look out for, with regards to construction industry development in future? The issues that have been identified in industrialised countries such as Australia, UK and US as being likely to affect the construction industry could be relevant to the industry in India. They relate mainly to the features of the construction industry, and include: a shortage of qualified and skilled personnel owing to social disfavour of careers in construction; a more complex workload in increasingly more difficult physical and social environments; a more demanding clientele; and a widened base of more knowledgeable and vocal stakeholders including those who are far removed from the project, such as non-government organisations (NGOs), the media and the international community; more stringent regulations putting stress on individual freedom, accessibility and mobility in an ageing population; more demanding human resource management requirements as employees are no longer satisfied with monetary rewards; and greater rivalry among companies operating in strategic business partnerships. 

To consider how relevant the discussion at this colloquium is to the construction industry and its improvement, it is pertinent to discuss technology development in the industry.
 
TECHNOLOGY AS THE FUTURE OF CONSTRUCTION

The construction industry has a reputation as a technology laggard; its site activities have traditionally been labour-intensive, and the level of mechanisation has been relatively slow. Thus, productivity growth in construction usually lags behind those in other sectors, and innovation seems to be rare in the industry. However, studies show that the construction industry has taken great strides in recent years in the development, application, adaptation, refinement and further step improvements in sophisticated technologies in many areas (Bernstein, 2003; Huang et al, 2009). It is suggested that the future of the industry will be shaped by technology. This will be due to necessity (including an ageing workforce); an attempt to improve the poor social image of the construction industry; and business reasons (reducing costs, enhancing productivity, improving quality, expediting progress, enhancing competitiveness).

In Australia, it was suggested that construction will have a future of high-tech gadgetry rather than "muscle or brawn" (Sunshine Coast Daily, 2016). A renaissance was occurring in the industry: "The builder of the future is more likely to be using digital technology and 3D printing than swinging a hammer or nail gun", noted a practitioner (Sunshine Coast Daily, 2016). It is predicted that technology will overhaul the industry completely, albeit gradually; moves towards modular building and pre-fabrication, 3D printing and digital systems were examples (Sunshine Coast Daily, 2016).

Attempts to predict the future of construction have been made over the years; many specific examples are presented in this paper. Technology innovations in construction in the late 1980s were (Paulson et al., 1988): structural lightweight concrete; steel or concrete offshore platforms; fibre-cement composites; soil stabilization; geotextiles; ultrahigh strength concrete; deep shaft drilling; submarine cable trenching; tunnel boring machines; high quality steel; and computer assisted design. Potential areas for R&D in civil engineering in the late-1980s were (Paulson et al., 1988): automation and robotics in construction; composite materials; soil stabilisation; underground excavation and support; hybrid steel/concrete structural elements; offshore structures; and extensive use of computer-aided (CAD). Zuk (1988) predicted that a number of highly innovative structures would be built in the US and Europe, based on what he expected to be developments in materials and technologies in structural engineering and ICT; these are presented in Box Two.

	
Box Two  Structures beyond tomorrow

2000: Construction will start on the cable-stayed 80-km long Peace Bridge across the Bering Strait between Alaska and the then Soviet Union. It will use specially formed ice-splitting piers.

2005: A cluster of lattice-framed aluminium space domes, each 92m across, will encapsulate a new, fully air-conditioned city in the Arizona desert. 

2009: An earthquake will destroy many buildings in California. Rebuilding of seismic-resistant items will use fast-track computer networking, directly coupling on-screen designing with automated factory prefabrication of components and systematised just-in-time field assembly, leading to quantum jump in artificial design. Use of metric units will initiate its national adoption in building. 

2014: The first highway bridge made of reinforced plastic will be completed, in New York State. It will be 80m long, and of a stiffened box girder structure.

2021: Experiments will begin on the construction of a 380m high steel tower in Japan, using construction robots. The climbing robots will be which are partly self-directed and partly externally directed through on-board video eyes. The robots will then be developed for general use.

2029: Completion of the bridge across the Messina Strait connecting Italy with Sicily. The sealed tubular bridge-tunnel will be 40m below the water and held down (not up) by self-adjusting cables anchored into the sea bottom. It will carry rail and highway traffic.

2036: The world’s first long-span curved cable-stayed bridge will be dedicated. Built in the Swiss Alps, it will span 620m and connect a curved road on each side. It will have a perforated tubular superstructure to resist torsion and only eight inclined cables anchored into the valley walls.

2041: Construction of a large underwater recreational complex off Florida will begin. Using steel and concrete construction methods from off-shore oil drilling rig technology, it will contain a large hotel and underwater marina for sea-bottom exploration.

2057: A thin-shell steel dome to cover central portion of the new capital of Alaska will begin. The dome, 420m across, will have many transluscent portholes for natural light. To reduce structural requirements, it will be pressurised from within.

2064: Metallurgists and ceramicists will develop a fused composite non-corrosive fire-resistant steel, not requiring fireproofing or painting, for general use. Also, polymerized concrete, able to resist tension and compression will be in common use.

2073: Active structural control systems, combined with super strength materials, will enable new records to be set and broken in new building after building in Chicago and New York.
By 2073, the mile-high building will be built in New York.

2078: The world’s longest suspension bridge across the 36km Strait of Dover between France and UK will be a series of 1.8km clear-span cable-stayed bridges. Servocontrols in the inclined cables will reduce movement in the long spans to almost zero.  

2088: The first permanent space station on the moon will be completed. Robotics will be in large measure responsible for its success.  

2094: Launched from the moon will be the first large permanent space colony orbiting the earth. It will be built almost entirely with construction robots.

2099: The theme building at the Paris international trade exposition is entirely of glass. Through fibres, laminates and coatings, glass will have heat resistance and strength equal to that of steel, and a viable alternative to wood, metal, concrete and plastic.

Zuk, W. (1988).




At the advent of the new millennium, the Building and Construction Authority (BCA) (2001) in Singapore suggested that “the construction community must embrace and deploy a wide range of technological advances that will fundamentally change the way construction activities are carried out” (p. 1). Taking a project process approach, it surveyed the technology landscape, and highlighted the examples shown in Table 1.

Table 1  Examples of technologies of the future in Singapore, circa 2000
	1. Planning and Design: Harnessing IT Right from the Start
· Project Website
· Object Oriented CAD
· IT Standards
· SE CAD
· Construction Information Systems

	2. Integrated Submission: Doing it Yourself at Your Comfort
· CORENET e-Submission System (World’s first nation-wide online centre for building plan submissions
· Plan Checking Systems
· Electronic Buildable Design Appraisal System (eBDAS)


	3. Procurement: Letting IT Shop for You
· E-Marketplace

	4. Construction: Making Things Faster and Better
· Wireless Communication
· Construction Productivity and Benchmarking Systems
· Radio-frequency Identification (RFID) Systems
· Buildable Design
· New Generation Water-tightness Field Equipment
· New Innovative Materials


	5. Facilities Management: Enhancing Quality of Life
· Total Building Performance Integration
· Displacement Ventilation in the Tropics
· Maintainability
· Digital Building Models for Internet Collaborative Design Computing
· Green Building and Energy Efficiency
· Structural Health Monitoring
	



iSqFt (2014) highlights recent trends in construction technologies, including LIDAR, which is essentially, using laser technology to create 3D models. It is suggested that the technology has the potential to change how construction projects are completed. Thasarathar (2016) highlights these emerging trends in construction: 3D printing, the Internet of Things (IoT), robotics, drones, cloud computing, infinite computing, reality capture, augmented reality, gaming engines, crowd-funding, crowd-sourcing, generative design, big data, artificial intelligence, and more. He suggests that construction is in an era when “change is the new normal”, and “having a confident position on the technological future should be just as important to a construction contractor as having a strong balance sheet”. It is also argued that advanced technologies such as augmented reality (such as Google Glass) and autonomous vehicles and equipment could have a role on the construction site under the right circumstances, and are already beginning to redefine how certain projects are completed. A number of new technologies being applied in construction are outlined below.

Unmanned Aerial Vehicles (UAVs) or Drones

The use of Unmanned Aerial Vehicles (UAVs) – also known as ‘drones’ – has grown rapidly across industry, business and society. In construction, drones can assist with a range of activities, including site inspection, planning and health and safety by enabling project participants to collect and base decisions on, real-time, highly accurate and reliable empirical information. iSqFt (2014) observes that the Ministry of Labour in the United Arab Emirates uses drones to check for construction violations; it suggested that drones “have the power to alter how we do business forever”. 

A team at the UK client organisation, Crossrail  explored current and possible future uses of drones in construction (Reddaway, 2015). Drones were supporting activities at Crossrail including: (a) Site inspections – examination of high risk areas and speedy overviews of large sites; (b) Health and Safety induction – site plans can be quickly updated to show where different works are taking place (such as lifts and excavations), ensuring that workers stay safe; (c) Crane, tower or scaffolding inspections – these provide real time footage to spot anomalies, reducing site downtime and mitigating risks of personnel having to work at height; and (d) Site planning – overviews can inform planning sessions. Other potential uses, include: (a) Logistics planning – useful for large and rapidly changing sites. Drones can provide dynamic visualisation, flagging potential impacts and issues, for example large plant movement and arrangements. Live feeds can be beamed directly to a control room for inspection requirements (for example, crane clearance, logistics, personnel movement) allowing real-time decision making, saving time from errors, reducing risks, and improving quality. Possible future uses of drones include: (a) Point cloud scanning which could feed into the building Information model; (b) Volumetric measurements of items on site (such as excavated materials, supporting planning for removal); (c) Thermal imaging scanning (investigating opportunities to monitor health of concrete work and any hot spots in electrical sub-stations); (d) Waypoint flying (making the drone fly the same path to create time lapse opportunities and comparative analysis); and (e) Upward filming (allowing inspection of overhead structures, minimising the need for cranes or scaffolding).

Researchers at the Swiss Federal Institute of Technology in Zurich, Switzerland have developed drones which can create rope bridges. Another team from the University of Pennsylvania has created drones that “can put together nearly any structure” (iSqFt, 2014). A common issue with drones is the lack of development of regulations, as the field grows fast with the emergence of start-ups developing software for increasingly more imaginative applications.  

3-D Printing

It is suggested that 3D printing can do a great deal of things during the construction process, from improving communication and clarity to creating materials used directly in the final project (iSqFt, 2014). It has been helpful for designers to collaborate with other participants to make decisions, including planning and sequencing complex assemblies. Skanska, a Swedish contractor, is using the technology to print concrete, and has found that it has the potential to reduce the time needed to create complex building elements from weeks to hours (iSqFt, 2014). It is working with Loughborough University to develop a high-performance concrete-printing robot.

The Economist (2015) notes that 3D printing is being used in rapid prototyping and for high-value, low-volume production such as in aerospace. A limiting factor is the size of the 3D printer: objects need to fit inside the machine to be built up layer-by-layer. Now some 3D printing systems can be scaled up and used in construction to print structures. MX3D, a Dutch firm, used an external 3D printing system it has developed to print a steel footbridge across a canal in Amsterdam. The bridge was printed in one go, rather than being assembled from prefabricated sections. The MX3D system employs industrial robots to build structures additively. 3D printing has been used in providing customised interior-decoration features, lighting effects and furniture, according to Lux Research, a US firm. A group of 3D-printed office buildings are planned for the Museum of the Future, in Dubai. A Chinese company has built many 3D-printed houses, including a five-storey apartment block using a six-metre-high 3D printer and a fast-drying paste made from a mixture of cement and recycled waste from sites. The goal is to print complete buildings on site. A process to do that is being developed at University of Southern California; it uses robots to print an entire building using locally gathered materials. It could be used in building in remote and hostile regions.

Interest is growing in printing because of the opportunities to save time and achieve greater flexibility in design. The challenges in printing large structural parts or even entire buildings include developing printable construction materials and meeting building codes. NASA considers 3D printing as a way to build structures on the Moon and Mars, using robots, and materials, including water, extracted from the lunar and Martian surfaces. Foster + Partners, a UK firm of architects, is working with the European Space Agency on a system which would use a rocket to transport to the Moon a tubular module that would unfurl to provide a domed support over which a robotic 3D printer would fabricate a protective shell using lunar material.

Robotics

To improve productivity and minimise reliance on workers, the construction industry has implemented increasing levels of mechanisation. Attempts to apply automation to various aspects of the industry’s inherently labour-intensive processes have been made over time. Repetitive works such as plastering, tiling and spray painting had been automated.  Perkowski (1988) presented a range of robots developed in Japanese companies and US universities and being applied for various purposes. They were used for bricklaying; excavation; painting; tunnel lining; insulation spraying; slurry painting; and structural steel paint-spraying. Robots were also being used for tile inspection; ocean floor surveying; mine mapping; as well as reinforcement placement; cable laying; and continuous control of concrete.

The envelope is now constantly being pushed, and automation of the entire construction process is being pursued. For example, inspired by the behaviour of termites, researchers at Harvard University are working on TERMES, a "swarm construction system" in which robots work together to build structures (Frangoul, 2014). A member of the team notes that rather than everything being pre-planned, “…you've got something more like an ant colony, where you've got a lot of agents going around, each doing their own thing. Together, they produce the useful result you've asked them for". The robots are given a 'blueprint' of the structure they are to build, and 'traffic laws' that tell them where they can and cannot go during construction. The team suggests that this system does not mean there will be no need for human builders. The ability of robots to reach the places humans are unable to, or where it is dangerous or expensive to send people is the advantage. 

Materials technology

An area where predictions have been made over many years has been in materials sciences. The then International Council for Building Research Studies and Documentation (CIB) (1989) noted that there was a move from the “Science of Materials” (where applications were sought for a material with a given set of properties) to “Materials Engineering” (which enabled “customised design”) where construction materials could be developed to have particular features and performance attributes. This is seeing fruition. For example, Lee et al. (2010) note that “The extraordinary chemical and physical properties of materials at the nanometer scale enable novel applications ranging from structural strength enhancement and energy conservation to antimicrobial properties and self-cleaning surfaces. Consequently, manufactured nanomaterials (MNMs) and nanocomposites are being considered for various uses in the construction … industries” (p. 3580). They note the need to consider the lifecycle impacts of MNMs on the health of construction workers and dwellers, and environmental effects at all stages of manufacturing, construction, use, demolition, and disposal. They suggest the development of guidelines to regulate the use and disposal of MNMs to mitigate potential adverse effects on human and environmental health.

Van Broekhuizen et al. (2011) note that applications of nanotechnology have been done on cement, wet mortar and concrete, paints, and coatings, insulation materials, glass and infrastructural materials. For example, it had been claimed that nanoparticles could reduce the weight of concrete by using silica fume (an aggregate of amorphous SiO2 nanoparticles); increase strength and elasticity of concrete; reduce energy consumption in buildings by improving the performance of insulation materials; improve weathering properties for exterior surfaces, as self-cleaning coatings for interior and exterior surfaces; as traffic exhaust purification coatings for infrastructural works; provide better crack resistance of polymer materials; as biocidal surfaces for walls of surgery rooms; improve fire resistance of materials, and so on. ‘Smart’ developments include building materials containing nano-sensors, and nanoparticulate self-repairing materials. Some of the claims such as efficient performance of nano TiO2 for road coating systems or coating of acoustic fencing along motorways have not been substantiated in practice. However, indications for human health hazards from exposure to nanoparticles are reported by researchers showing oxidative stress, fibrosis, cardiovascular effects, cytotoxicity, and possibly carcinogenicity as effects of nanoparticle exposure. 

Novel applications of materials do not have to be high-technology based. For example, whereas it is commonly accepted that the construction industry has a crucial role in reducing carbon emissions and energy consumption, it is difficult to persuade companies to replace conventional and modern building materials with greener, bio-based alternatives (plant waste, straw, clay, grasses and the like). They are more costly and there are questions over safety, reliability and durability Phys.org (2015). Today bio-based insulation materials are relatively rare in construction. The European ISOBIO project aims to develop and boost the use of sustainable materials in construction – materials which could reduce total 'embodied energy' across the whole lifetime of a building by up to 50 percent. 
  
Data management

FMI Corporation (2016) notes that other sectors and even small companies within them now use data quite effectively; doctors are looking at patterns of effective care; retailers are watching how customers move around their stores, looking for merchandising clues; and Uber’s algorithm-driven pricing model has disrupted the taxi industry. There is said to be the “fourth industrial revolution” in which digital technologies are breaking apart old business models in the economy and replacing them with digital operations (Knutt, 2016). However, FMI Management Consulting (2016) note that construction firms lack real-time inventory processes and technology, although such data control is basic for leveraging daily productivity and increasing profitability. Moreover, the pace of projects today is very fast, and information “noise” is overwhelming, but there are key metrics that can change unprofitable or unsafe behavior, and prevent operational problems. Thus, data must be delivered visually, in real time and in a format to allow for additional insights. Data analytics enable companies to look ahead, predict and plan. Finally, with technology cycles compressing fast and costs coming down at a rapid pace, smaller companies can also invest. 

Thasarathar (2016) notes that in future, construction firms will find many key answers in the “big data”. Trends in demographics, economic growth, disposable income and others will be crunched by cloud computing to help firm to determine changing preferences of individuals. They can also respond to the effect of the rise of social media which is enabling everyone to have their say on such matters as the impact of a new road in an area or demand for more green-space. They can also negotiate the best time for site deliveries, crowd-source design answers during consultation and even raise funds for clients’ projects through alternative vehicles such as crowd-funding.

Information technology applications

The initial rudimentary application of computers in construction in the form of computer-aided design (CAD) and then project platforms has led to Building Information Modelling (BIM), which represents the information on the item to be constructed in a 3D format and forms the basis for effective collaboration on the project. It is now a mandatory requirement on all sizeable projects in Singapore, and on public projects in some countries such as the UK (HM Government, 2015). BIM helps designers and contractors to reduce project timelines, avoid errors and reduce overall project costs, while improving communication among project participants and stakeholders, and provides information for effective operation and management of the facility. 

Varghese (2012) provided a review of recent developments in ICT and the use of the technologies by construction companies in developing countries. He compared two "widely referred-to roadmaps" for guiding research, offered by the European Construction Technology Platform (ECTP) (2008) and Fiatech (2010) (a stakeholder group working together to lead development and adoption of innovative practices and technologies to realise business value throughout the life cycle of capital assets (Fiatech, 2016)) under these areas: Integrated automated procurement and supply network; Intelligent and automated construction jobsite; Automated design; Intelligent self-maintaining and repairing operational facility; Lifecycle data management and information integration; Real time project and facility management coordination and control; and Technology and knowledge enabled workforce. He highlighted research areas especially relevant to developing countries under each of the main topics which can be found in the list for this Forum. They include logistics, nD models, ICT for design, configuration, analysis, simulation and visualisation; smart embedded systems; ontologies and open ICT standards for semantic communication; and object repositories.

In many ways, the future might already be here. Satellite-based technologies have been directly applied in construction. GPS-based grade control has enabled earthmovers to get to grade more quickly and minimise rework by enabling automated control of the blade and the use of 3D design plans situated onboard the machine (ForConstructionPros.com, 2015). Telematics technology is facilitating communication between equipment and the back office, allowing more efficient management of assets, production and personnel. Innovation continues to push the art of the possible further, improving safety and efficiency amid the numerous machines and contractors on heavy construction job sites. High-technlogy solutions from the Internet of Things (IoT) to wearable technologies have the potential to help construction companies to achieve on-time, on-budget project completion (Farrell, 2015).

For example, IoT enables firms to address malfunctions in the many specialized equipment on a construction site which lead to downtime and delays. Tagging equipment with sensors to monitor properties and parameters from vibration to heat and pressure provides real-time data on what assets are doing and how well they are operating, enabling continual equipment monitoring; preventive and predictive maintenance is also possible through data and analytics. The level of asset tracking enabled by IoT would also allow companies to know where assets are on the job site and beyond. They could avoid delays by quickly locating the nearest available machine in their network, reducing costs and improving productivity. Radio-frequency identification (RFID) tags would help companies to locate assets on large job sites in remote areas such as highways or wind farms. It is also revolutionizing materials management and control. 

Finally, Thasarathar (2016) notes that cloud computing will transform how project teams work, from designing buildings to commercial strategies to business models. The cloud will place a, theoretically unlimited, amount of processing power (infinite computing), at the disposal of any company, on demand. The impact of changing an element of a building’s design, or altering a commercial strategy might be seen in near real-time, shifting the act of design from today’s era of “best practical”, where one is restricted by the amount of time, resources and funds one can spend on a problem, to an era tomorrow of “best possible”.

A smart helmet

Wearable technologies are being developed for construction. For example, it is suggested that the Daqri smart helmet will revolutionise the working world, including construction with its integrated sensor and imaging technology (Reddaway, 2015). The augmented reality helmet integrates four cameras to create a 360-degree array, recording images of the wearer’s environment to colleagues watching elsewhere and in future offering live streaming. A thermal camera that allows users to tell by looking, for example, if a tool is too hot to touch. A laser-based 3D depth sensing camera can capture images through smoke or in unlit conditions. The helmet can also project images from the side onto the bottom of the glass visor panel, showing additional information overlays in front of the wearer. This feature could also project images from a BIM model. For instance, a maintenance engineer could view a schematic of a piece of equipment and be given instructions on how to fix it. With the helmet’s augmented reality and sensing capabilities, firms can provide intuitive instructions to workers, who will understand processes quicker, spend less time on each step, and make fewer errors. It is reported that Boeing, US had realised 94 percent decrease in errors, and 30 percent increase in efficiency of time, in a trial, where workers used the headset. 

Prefabrication

Intergraph (2012) identified 33 factors which affect labour productivity in construction. Some of these were:
1. “area practices” – observance or customs, practices or procedures  unique to the craft, client, country or location
2. “confined space” – working in such spaces with limitations on egress and ventilation can result in non-productive work
3. “hazardous work area” – require special safety equipment and clothing, limits to time and exposure of workers, resulting in less time on tools
4. “stacking of trades” – when work is done in limited space with other firms, there can be congestion, more loss of tools, additional safety hazards and inability to optimise gang
5. “ripple effect” – caused when changes in other trades’ work affect other work
6. “dilution of supervision” – when supervision is diverted from planned work to analyse and plan contract changes, expedite delayed materials, manage added workers, or other tasks not in the original work scope. 

Studies of such features have led to actions for improving productivity, such as prefabrication and volumetric construction to avoid the problems relating to “confined space”. Off-site pre-fabrication, modular buildings and volumetric components (such as complete bathrooms and kitchens) are already being constructed in Australia, Hong Kong, Singapore and many other countries. Prefabrication is seen as a key source of increased productivity in many countries, including Australia, Finland, Hong Kong, SAR, Japan, Malaysia, Singapore and the US. Malaysia has made it mandatory for each design to attain the minimum number of points on the Industrialised Building System (IBS), and the system will be given a further boost in the country’s present “Construction Industry Transformation Programme 2016-20” (Construction Industry Development Board, 2015). In Singapore, Prefabricated Bathroom Units (PBU) and Prefabricated Prefinished Volumetric Construction (PPVC) are highly favoured in the Second Construction Productivity Roadmap (BCA, 2015).

Increasingly, more advanced technologies are applied in the production of the prefabricated elements, including automation and mass production. Thasarathar (2016) notes that there will be a rise of micro-factories, neighbourhood facilities equipped with such machines, capable of creating project components on-demand, local for sites. There have also been efforts to prefabricate whole buildings. For example, Y:Cube Housing is the result of a partnership between the YMCA and architects Rogers Stirk Harbour + Partners (Frangoul, 2014). Y:Cube offers affordable, low-cost housing in stackable 'clusters' of 24 to 40 units. Costing about $50,000 to build, a single occupancy Y:Cube home is 26m² and designed to be used on urban brownfield sites; it does not need foundations. Thus, it provides a rapid, sustainable, flexible, compact and cost-effective solution to a basic human need. It comes fully finished; needing only to be connected up. The buildings take one week to build, and take one hour to instal. 

FUTURE OF CONSTRUCTION

The future of construction, in terms of technology, looks even more exciting than has been described so far. Thasarathar (2016) suggests a new era for construction beyond BIM, the “Era of Connection”, where any contractor, regardless of size, location, or experience, might be able to connect to an unlimited amount of processing power to solve complex problems; connect to an unlimited number of people to get the best ideas; combine the physical and digital worlds to deliver better outcomes; and be able to foster a freer flow of capital for projects, through reduced project risk, and alternative funding techniques, such as crowd-funding. Fiatech’s (undated) vision of the future in its technology roadmap is presented in Box Three. 

	
Box Three Fiatech’s vision of the future 

Imagine a highly automated project and facility management environment integrated across all phases of the facility life cycle. This is the vision of Fiatech, its members, and its Roadmap initiative. The future environment is one where information is available on demand, wherever and whenever it is needed to all interested stakeholders. Such an integrated environment could enable all project partners and project functions to interconnect—instantly and securely—all operations and systems. This will drastically reduce the time and cost of planning, design, and construction. Scenario-based planning systems and modeling tools will enable rapid, accurate evaluation of all options, resulting in the best balance of capability and cost-effectiveness. New materials and methods will reduce the time and cost of construction and greatly extend facility performance, functionality, aesthetics, affordability, sustainability, and responsiveness to changing business demands.

Source: Fiatech (undated) Tech Roadmap, http://www.fiatech.org/tech-roadmap  




This is Daqri’s description of the construction sites of the future: 
· “In 10 years, augmented reality will be the human-machine interface providing real-time 3D asset visualisation, work instructions, safety notifications and biometrics on construction sites all over the world.
· “The full production pipeline from design to build will be connected digitally: workers, tools, equipment, BIM models, vehicles, and the site itself will all be accessible, editable and interactive via an augmented reality interface that is connected to onsite sensors and cloud databases.
· “You won’t lose things anymore. You won’t wonder what the next step is because your system will keep you on target. The work will be safer. The key data you need to make decisions will be delivered to you via smart algorithms.”

Making projections of the future is often done in the construction industry at many levels: professional, national or global. The World Economic Forum (2016) set up the Future of Construction initiative to provide a platform for Forum partners from the chemicals, energy, information technology (IT) as well as infrastructure and urban development sectors to shape the agenda of the construction industry. The objectives of the initiative included to: provide a solution framework to identify key trends in the industry and show how to embrace relevant innovative solutions from other industries; identify best practices that could be applied; offer recommendations to help construction firms to better adapt to the industry transformation; and regulators and policy makers to adopt measures to boost innovation in construction. The Future for Construction initiative noted that the nature of the construction industry was changing; it was being driven by technology, massive urbanisation, the need of a more sustainable economy, and increasing complexity and size of projects. Trends shaping the industry included innovative business models, and new products and processes which were boosting productivity and enhancing efficiency. The initiative made proposals for construction to be transformed in eight broad areas (see Figure 1): (1) Technology, Materials and Tools; (2) Processes and Operations; (3) Strategy and Business Model Innovation; (4) People, Organisation and Culture; (5) Industry Collaboration; (6) Joint Industry Marketing; (7) Regulation and Policies; and (8) Public Procurement. The topics under Technology, Materials and Tools are: Advanced building materials; Standardised, modularised and prefabricated components; Mechanised and (semi-) autonomous construction equipment; New construction technologies, such as 3D printing; Life-cycle optimizing monitoring equipment; and Digital tools / modelling and big data. It is evident that these topics relate to the points under discussion at this colloquium. However, that action is needed in seven other areas, makes it clear that much is required to put the useful points highlighted at this colloquium, to effective practical use. 

[image: ]
Therefore, it is not only technology that is highlighted when looking into the future of construction. Rankin (2015) observes that: “The construction industry has been notoriously typecast as resistant to change and slow to adapt. This may be true of an earlier time, but not today. Innovation is pushing through in every way, shape and form and is being championed by some of the sector’s oldest and largest contractors”. He notes these innovations, and gave examples of firms using them: Public-Private Partnerships; Sustainability; and Technology development. Tech Search Associates (2016) highlighted three trends which would disrupt the construction industry: (i) The Move Toward Cheap and Convenient Shopping – which will affect retail and the nature of construction in the sector, as some large supermarket chains are withdrawing plans to build superstores, and closing down some existing stores – many firms will have to adapt and move into other growth areas; (ii) Super Strong Materials and Super Human Strength – development of new technology will continue, for example, on new materials and exoskeleton assisted construction workers; and (iii) Augmented Reality Experiences – it will change the way people live on a day-to-day basis; it could take strain off building complex structures and be used to give mega skyscrapers their unique character.

Technology into practice in future

It should be borne in mind that investment in any technology requires a careful, thoughtful assessment of the value and potential return on investment; and a plan to introduce the technology in a manner that is most likely to generate positive results. This includes ensuring that the employees who are likely to be affected by the new technology are kept in the loop early in the selection process, and that workers are properly trained on its use. For example, the application of artificial intelligence and robotic labour would mean that many trades would be required to build upon their existing skills. If the firm familiarises itself with the imminent technological advancements and the potential applications in its business, it can see the long-term prospects and to make knowledgeable decisions about the practicality and profit-making/enhancing potential (ForConstructionPros.com, 2015). The industry also needs certain systems and procedures in the light of these trends; for example, it has to proactively manage the quality control of products which are increasingly being manufactured offsite, or even offshore (ForConstructionPros.com, 2015).

Construction Industry Institute (CII) (2015) categorises “best practices” under these headings: Advanced Work Packaging; Alignment – where appropriate project participants are working within acceptable tolerances to develop and meet a uniformly defined and understood set of project objectives; Benchmarking and Metrics; Change Management; Constructability; Disputes Prevention and Resolution; Front End Planning; Lessons Learned – “an effective lessons learned program will facilitate the continuous improvement of processes and procedures”; Materials Management; Partnering; Planning for Modularization; Planning for Startup – startup is the “phase between plant construction completion and commercial operations, that encompasses systems turnover, check-out of systems, commissioning of systems, introduction of feedstocks and performance testing”; Project Risk Assessment; Quality Management; Team Building; and Zero Accidents Techniques.

CONCLUDING REMARKS

The broad areas covered in this colloquium and the topics outlined under them, are very much apt with respect to the theme of the colloquium: “Human Empowerment through Technology”. Each of them is relevant and important to the development of the buildings and infrastructure which provide the basis for economic growth, national development and improvement in the quality of life. A key point is how the areas of focus in engineering covered in this colloquium are brought together to deal with the issues at hand in order to make any product or facility. “Human Empowerment through Technology” can only be realised where these broad areas of knowledge are effectively combined. It is necessary to understand the technology as well as how it is applied. It is also necessary to understand systems, processes and procedures (in addition to products) and people, as individuals and in groups. This will involve a combination of hard and soft skills. The latter lie under strategic planning and management; and at the human level, motivation, leadership and stakeholder management. Science and technology can also help to improve or apply soft skills, such as providing information to facilitate decision making. Policy makers and practitioners should be equipped with this knowledge. Education has a role to play in formulating and delivering appropriate courses on these subjects for engineering students. Research into how best to do this would also be required. An industry development plan which takes an integrated approach to these issues is necessary.
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Figure 1: Industry Transformation Framework
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