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Abstract 

This paper reviewed the application of precast concrete techniques in building and civil works in the Hong Kong construction industry. The advantages and constraints of such techniques identified through the Hong Kong experience are discussed. It is anticipated that precast concrete techniques will lead to reduced construction time, improved work quality and in turn be cost-effective. On the other hand, many issues should be considered when applying such techniques, including lead time, panel transportation, on-site installation, project critical path planning and co-ordination as well as proper supply chain management. The paper finally discussed the future trends of precast concrete techniques. 
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1.  Introduction

Prefabrication technology is a topic of international interest and provides an effective construction technique in terms of quality, time, cost, function, productivity and safety. It is adopted worldwide as an ideal means of producing an immense array of elements from structural members, cladding units, and bathrooms to fully-finished modular buildings. Raysford (2000) states that “a much greater emphasis on off-site assembly was one of the key ingredients to changing the construction culture to retain and recruit talent and at the same time deliver improvements in performance required by increasingly demanding clients.” Prefabrication is seen as one of the tenets of improving construction in the 21st century (Egan, 1998; and Yeung et al. 2002). In Hong Kong context, the government needs to provide affordable, sustainable and functionally competent housing that is fundamental to the living standards and well being of individuals and families (Hong Kong Housing Authority (HKHA), 2000; Construction Industry Review Committee (CIRC), 2001), and the same goes to the construction of civil infrastructures. It is recommended that prefabrication together with the extensive use of standardisation and modularization should become essential principles in the design and construction in Hong Kong in this century (Yeung et al, 2002). This paper mainly reviews the application of precast concrete techniques in Hong Kong. 
2.  Milestone and Cases of Significance of Prefabrication in Hong Kong Context 

Precast concrete technology has been used in Hong Kong since 1970’s in building and civil infrastructure projects, to produce both non-load bearing elements as well as load bearing elements. 

2.1 Building works
It is well recognized that HKHA has been acting as a pioneer in applying prefabricated technology to mass-productive housing in Hong Kong. A brief overview of the application of prefabrication technology is shown below while a more comprehensive review on this issue can be found in Wong et al. (2003).

· Prefabrication was used once in early 1970s in the pilot project to construct a series of 17-storey public houses in Ngau Tau Kok, where part of the external walls/façades and slabs were constructed in a precast manner.

· Prefabrication was used in a broader scale in the mid and late 1980s in the construction of public houses (Harmony Block), where all the façades of the residential flats were constructed in precast in a after-fixed manner. In the later version, the floors were also formed by precast semi-slab.

· Due to serious and frequent leaking problem coming from the external walls for the Harmony Blocks, in-situ method to place the precast façades during the concreting process was introduced in the mid-1990s. At the same time, some other elements such as the stair flights, tie beams and slab were in majority constructed in a precast or semi-precast manner.
· In 1992, first non-government project used significant amount of precast which was the 18-storey headquarters building and the members’ center of the Hong Kong Jockey Club. In this project, the floor of the podium and the members’ center (total 2 x 11000m2) was formed by precast secondary beams with reinforced concrete topping on a semi-slab system. 

· In 1997, a packaged project with the construction of 5 standard schools in the new town of Tseung Kwan O was introduced by the Architectural Services Department. These schools employed a large amount of prefabrication with the beams, slabs, stairs and external walls/parapets.
· In 1998, in the construction of the extension to form a 25000 m2 podium deck for the KCR Kowloon Station (1998 – 1999), all the secondary beams (average 12m span) and the deck were precast and these formed semi-slab and reinforced concrete topping was then added (Figure 1). 
· In the construction of a bus depot building for the Kowloon Motor Bus Ltd. In Lai Chi Kok (2001 – 2002), about 180 precast columns and 800 precast beams were used to form 40000 m2 deck structure.
· In early 2002, the government has introduced some incentive mechanism through the building planning and control process (Joint Practice Notes No. 2 2002) by exempting the floor area gained by the use of precast elements during the construction. As a result of this, almost all new building projects of larger scale are constructed using prefabricated approach since then. 

2.2 Civil Infrastructure Works

Prefabrication techniques have also been applied in the construction of civil infrastructure works: 

· Small amount of prefabricated elements were used in highway projects since the 1970s. Such elements usually included the cantilevered deck of elevated bridge, parapets of expressway and road curb etc.

· The first large scale civil engineering/highway project where large amount of precast elements being used was the Kwan Tong By-pass in 1990, in which about 1.8 km elevated expressway was constructed using precast box-girder (viaduct). Such precast units were fixed onto elevated position using gantry-form launching machine.

· Between 1995 to 1999 being parts of the Airport Core Projects and Highway Strategic projects, a number of expressway systems namely the Route 3 (35 km), the North Lantau Expressway (12km) and many other interchanging/linking road systems, were constructed. Many of these expressways were of elevated nature and in general launching methods making use of large amount of precast beams or box-girders in the construction process (refer to Figures 2 to 4).
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	Figure 1 – Deck system composes of precast secondary beams and semi-slabs in the podium extension of the KCR Kowloon Station
	Figure 2 – precast V-shape beam for the Route 3 elevated expressway at Kwai Chung
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	Figure 3 – precast box-girder for the Rambler Strait Bridge of Route 3
	
	Figure 4 – forming the elevated bridge of the West Kowloon Expressway


· Between 1999 to 2003, the construction of the Kowloon Canton Railway Corporation’s West Rail (31 km) and the Ma On Shan Line (12 km) also includes a total of about 18 km section of elevated track in the form of viaduct using precast box-girder units (refer to Figures 5 and 6). 
Other uses of precast elements were also employed in minor items in a wide variety of civil engineering jobs, such as: Precast beams or decks for elevated pedestrian footbridges; Tunnel lining especially for tunnel formed by tunnel boring machine; Decks for long span bridges (Figure 7); Marine work such as seawall and deck of terminal berth (Figure 8); Soil retaining element such as for earth-balanced type retaining structure (Figure 9); Platform for railway station (Figure 10).  
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	Figure 5 – forming the elevated track of the West Rail using the supporting truss method
	
	Figure 6 – forming the elevated track of the KCR Ma On Shan Line by the use of launching girder
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	Figure 7 – forming the deck of the Ting Kau Bridge using precast concrete plank

	
	Figure 8 – forming the deck of the berth for the Container Terminal No. 9
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	Figure 9 – precast vertical panel forming an earth-balance type retaining structure

	
	Figure 10 – forming the station platform using precast curb and plank


3.  Lessons Learned from Hong Kong Experience
3.1 Advantages of Prefabrication Technology

The experiences of using prefabrication in the Hong Kong construction industry in terms of cost, quality, time, and safety are positive as listed below (also refer to Wong (2000), Tam (2002) and Yueng et al. 2002):
· Speed of construction is improved by converting some critical site casting activities into off-site precast. Reduced programme durations for on-site fixing and erection operations. Productivity is higher than cast in-situ works especially when standardized design is adopted. Up to 70% time saving could be achieved compared to on-site in-situ operation. Therefore faster return on investment for the client can be achieved.

· Quality of prefabrication units is much improved. Better quality resulted from in a climate-controlled environment using efficient equipment operated by well-trained people. Less on-site abortive work. Special panel features for external walling could be easily achieved using precast techniques.
· Material wastage is less because of few defective products and less waste is generated on site.

· Site management is obviously improved. Panels arrive on a flat-bed trailer and are installed with sufficient listing plants. Lower manpower requirement on-site owing to simplified work content at working floor. Saving in space allocated to material storage.
· Improved on site safety resulting in reduction in site accidents.
· All the above mentioned also results in cost savings. Greater control over manufacturing results dramatically reduces the chance of cost overruns.
3.2  Constraints/Considerations of Precast Technology

Although prefabrication techniques are applicable to a wide range of construction works, the following constraints should be considered when applying prefabrication techniques: 

· Precast techniques are not economical and time effective unless a large quantity of work is used.
· Longer lead time is required, i.e., more time to be allocated in advance for the production of the precast elements until they can be accumulated to sufficient numbers for delivery to site to start installation. 

· Sufficient working space is required for carrying out the precast works, so does the storage and pre-installation handling spaces 
· Transportation of precast panels from the precast yard to the site needs to be carefully considered and planned in the planning stage.
· Installation of precast elements on site requires careful program planning and use of plant. 

· The handling and assembly of heavy precast members  poses certain safety problems and increase the likelihood of risk to both human operatives and the semi-completed structure itself. 

· The structure under assembly in its semi-completed state may cause problems in accessing the site.
· Defective connections or deformation appear in the precast elements may result to cracks and water leakage which will create further maintenance problems in a long run.
· The cost and reliability in the application increases as the structural demand in the project increases. This is even more critical when constructing high-rise buildings or in project where a high ratio of prefabrication is to be employed as the major load-taking elements. 
· The potential merits of using prefabricated construction may not be visualized if some other related factors cannot provide the required optimistic conditions in the application in particular the unique physical environment of the site or the special spatial/characteristic inherited in the building design.

As such, higher managerial capability is demanded in handling the job, particularly in the construction planning and coordination, as well as in the effective control of design-construction-supply relationship, because tighter and longer period of coordination are required to allow for structural design, construction planning, procurements and approval procedures. Therefore a re-engineered project delivery and supply chain system based on wide scope of prefabrication and pre-assembly should be considered.
4. Conclusion

This paper has discussed issues related to the application of prefabrication techniques in Hong Kong construction works, including building and civil infrastructures. Generally speaking, such experience shows that prefabrication leads to savings on cost and time and better quality product. It is predicted that prefabrication techniques will be used more and more in Hong Kong particularly with the release of Joint Practice Note No. 2, which is the second package of incentives to promote green and innovative buildings in Hong Kong. The paper, on the other hand, has identified the constraints that should be considered when making decisions to adapt prefabrication technique. It is anticipated that in order to reap the full potential of prefabrication techniques, design-and-build project procurement method and supply chain management concepts should be further applied for better information flow and management of the interfaces between different professionals.
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