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Investigating supply chain management for prefabricated building 1 

projects in Hong Kong 2 

 3 

Abstract 4 

Prefabricated building projects (PBPs) have gained worldwide popularity over the past few 5 

decades due to their various benefits. Supply chain management (SCM) is critical to the 6 

successful delivery of PBPs because the supply chains are complex with multiple processes 7 

and stakeholders involved. Poor SCM for PBPs causes cost overruns and schedule delays. 8 

This study investigates the production, transportation, and assembly processes of a PBP in 9 

Hong Kong to quantitatively analyze and critique its SCM. Automated data collection 10 

technologies were adopted to obtain real-time information of precast components throughout 11 

the supply chain. Findings from the study show that limited considerations of resource 12 

planning, significant assembly delay, overproduction, excessive inventory, and long lead time 13 

are severe problems within the supply chain. The root causes of these problems include poor 14 

supply chain planning, poor communication between stakeholders, and poor control of 15 

working flows. This is the first study to reveal the actual situation of SCM for PBPs using 16 

empirical data from an entire supply chain. The results provide an in-depth understanding of 17 

the root causes of the problems associated with SCM for PBPs, which will be of great value 18 

in assisting stakeholders to accurately and effectively deal with them. 19 

 20 

Keywords: prefabricated building projects; supply chain management; empirical analysis; 21 



4 

 

real-time information; precast components 22 

 23 

Introduction 24 

As an alternative to traditional construction, prefabrication is a popular construction 25 

method worldwide because of the various benefits it offers, such as enhanced quality 26 

performance (Tam et al. 2014), reduced cost and time (Jeong et al. 2017), and better 27 

environmental responsibility (Hong et al. 2016). These advantages have inspired the 28 

widespread development of PBPs. For example, the Hong Kong Housing Authority plan to 29 

produce up to 93,400 prefabricated public housing units by the 2019/20 financial year 30 

(HKHA 2016). Some developed countries, such as China (MOHURD 2016) and Malaysia 31 

(CIDB 2015) have issued various incentives and policies to enhance the development of 32 

PBPs. 33 

According to Gann (1996) and Said (2015), SCM plays an important role in achieving 34 

the successful delivery of PBPs. Supply chain configuration determines the structure of a 35 

supply chain, which is an important step to achieve desired performance (Huang et al. 2005). 36 

Different industries have their own preferable supply chain configurations which have 37 

considerable impacts on the outcomes of economic, social and environment aspects (Khajavi 38 

et al. 2014; Varsei and Polyakovskiy 2017). Arashpour et al. (2017) propose an optimization 39 

model to enhance multi-supplier configurations with lower investment, contributing to 40 

optimal decision-making in advanced manufacturing of prefabricated building products. 41 

Process innovation capacities are positively correlated with supply chain configuration 42 
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(Adebanjo et al. 2018) and dynamics exist between them to influence managers’ 43 

decision-making to improve the economic performance of projects (Sabri et al. 2018). On the 44 

other hand, supply chain configuration is associated with performance trade-offs. According 45 

to Brandenburg (2015), the trade-offs between ecologic factor, financial value creation and 46 

customer service level could be assessed to achieve low carbon supply chain configuration. 47 

A supply chain can be seen as “the processes from the initial raw materials to the 48 

ultimate consumption of the finished product linking across supplier-user companies” 49 

together with “the functions within and outside a company that enable the value chain to 50 

make products and provide services to the customer” (Cox et al. 1995). SCM is the 51 

integration of business processes from end user through original suppliers that provide 52 

products, services and information that add value for customers (Cooper et al. 1997). The 53 

supply chain of a PBP involves the production, transportation and assembly processes that are 54 

linked by a client, a manufacturer, a transporter, a main-contractor, and several 55 

service/product suppliers, which create value by transforming various materials, products and 56 

components into the PBP. SCM for PBPs depends on the coordination and the relationships 57 

built among organizations involved (vertical relations), which could generate competitive 58 

advantages through lowering costs or adding value for customers (Lambert et al. 1998; 59 

Vallet-Bellmunt et al. 2011). Also, vertical integration provides the principal organization 60 

with control over strategically sensitive technology and/or capabilities whilst facilitating the 61 

achievement of efficiencies (Beach et al. 2005). However, coordinating the information, 62 

material/service/product, and capital flows in the supply chain is a complex task due to the 63 
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multiple processes and stakeholders involved. Poor SCM for PBPs is usually due to deficient 64 

coordination before and during construction, inadequate project planning and design (Hwang 65 

et al. 2018), and poor concurrence of process and information (Niu et al. 2017). This results 66 

in many problems that add no value to the supply chain, including overproduction (Forsman 67 

et al. 2012), large inventory (Wu and Low 2014), and long lead time (Zhai et al. 2016). 68 

The abovementioned drawbacks have motivated researchers to explore measures to 69 

improve SCM for PBPs. For example, various platforms have been developed to achieve 70 

real-time visibility and traceability of major supply chain processes using information 71 

technologies, such as Internet of Things (Li et al. 2016a, 2018b; Zhong et al. 2017), and radio 72 

frequency identification (RFID) technology (Altaf et al. 2018). Inventory control systems for 73 

materials have also gained wide attention as a way of reducing associated costs (Wang et al. 74 

2018), while long lead time is mitigated by designing coordination mechanisms (Zhai et al. 75 

2016).  76 

However, research into SCM for PBPs has achieved only limited breakthroughs due to 77 

the following limitations: (1) only single process (e.g. production, logistics) has been 78 

investigated and analyzed rather than an entire supply chain, and (2) real supply chain data 79 

has rarely been collected for analysis due to limited accessibility to data. These restrictions 80 

have prevented studies from revealing the true picture of SCM for PBPs for the following 81 

reasons. First, the upstream and the downstream processes do not exist independently but 82 

frequently interact with each other to influence the supply chain performance (Luo et al. 83 

2019). Therefore, the supply chain should be inspected and managed as a whole to see its 84 
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actual operation through the dynamic interactions of different processes. Second, data 85 

collection and sharing are often found to be inaccurate, incomplete, and insufficient (Zhong et 86 

al. 2017) due to the inadequate use of information technologies in PBPs (Xu et al. 2018). 87 

However, valid and accurate data is a critically important element in SCM for PBPs because 88 

of its significant role in supporting stakeholders’ decision-making and process improvement 89 

(Lewis and Cooke 2013). Thus, improving the quality of data is an important first step toward 90 

exploring the actual situation of SCM for PBPs.  91 

Tackling the aforementioned limitations will contribute significantly to a fuller 92 

understanding of SCM for PBPs. This study therefore aims to investigate the real-time status 93 

of SCM for PBPs in Hong Kong, identify the problems embedded in SCM, and analyze the 94 

root causes of the problems. By doing this, this study provides valuable implications about 95 

the true picture of SCM for PBPs and is of value in assisting the stakeholders involved to 96 

understand the problems and their root causes at different stages of the supply chain, thereby 97 

allowing those problems to be tackled more efficiently and effectively. By referring to this 98 

study, future research could investigate the real-time status of SCM in the domain of 99 

management in engineering and explore the root causes of the problems embedded to 100 

improve the supply chain performance of other engineering projects.  101 

 102 

Research background 103 

The construction industry is a typical project-oriented industry with substantial 104 

complexities and uncertainties (Kerzner 2017). Project management is the application of 105 
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knowledge, skills, tools, and techniques necessary to meet the project requirements, which is 106 

accomplished through five groups of processes, including initiating, planning, executing, 107 

monitoring and controlling, and closing (Project Management Institute 2012). The uniqueness 108 

of projects and the separated processes implemented by different stakeholders with various 109 

specialties (Eriksson 2015) make project management a difficult task. Conventional project 110 

management has been criticized to place great emphasis on the satisfaction of time, budget 111 

and scope constraints, while continuous improvement, customer-centric thinking, and 112 

reflective learning are rarely considered (Böhle et al. 2016). Also, the traditional ways of 113 

management and tools (e.g. critical path method) are insufficient in dealing with the unique 114 

challenges in projects, resulting in considerable wastes, such as overproduction, lead time, 115 

transportation, inappropriate processing, and inventories (Ansah et al. 2016). Under this 116 

circumstance, the construction industry considerably lags behind other sectors in terms of 117 

efficiency and performance.  118 

Originating from the manufacturing industry, the concept of SCM was applied in the 119 

construction industry as a strategy to increase the internal efficiency of organizations, reduce 120 

wastes, and add value for projects (Ansah et al. 2016; Meng 2019; Saad et al. 2002). In 121 

project management literature, SCM applies to temporary multi-organizations to enhance 122 

their collaboration in large, complex, and multi-faceted projects (Thomé et al. 2016). 123 

According to Hatmoko and Scott (2010), problems in SCM may create high disruption to 124 

construction projects with the largest impact being from delays in material flow. To 125 

streamline the complex flows, a temporary construciton supply chain significantly relies on 126 
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real-time information sharing and communication between stakeholders to enhance the 127 

integration of the upstream and the downstream (Isatto et al. 2015; Shi et al. 2016). Supply 128 

chain integration is highly associated with the establishment of close and long-term 129 

relationships between stakeholders (Costa et al. 2019; Meng et al. 2011). Effective SCM 130 

contributes significantly to achieving improved performance of projects (Koolwijk et al. 2018; 131 

Xue et al. 2010), such as reduced lead time, shortened project durations, increased 132 

operational efficiency (Min and Bjornsson 2008), and improved labor performance (Moon et 133 

al. 2015).  134 

This study focuses on investigating the production, transportation and assembly 135 

processes and their dynamic interactions in a PBP instead of exploring how to satisfy the 136 

project objective within the restricted resources. Therefore, this is a study associated with 137 

SCM for a PBP rather than a project management research. 138 

 139 

Construction SCM 140 

Increasing number of studies have explored to apply SCM theory in construction 141 

projects in recent years (Badi and Murtagh 2019; Balasubramanian and Shukla 2018; Li et al. 142 

2019; Wang et al. 2017). However, significant obstacles exist and impede the implementation 143 

of SCM, which are mainly due to the attributes of construction projects, including limited 144 

integration between different disciplines (London and Pablo 2017), adversarial supply chain 145 

relationships (Kim and Nguyen 2018a), complex interface conflicts (Ju et al. 2017), and 146 

various uncertainties and constraints in the fragmented processes (Li et al. 2018c). 147 
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Improving collaboration and integration in construction projects has been considered to 148 

be important in dealing the insufficient communication among the interrelated agents and 149 

enhancing supply chain performance (Koolwijk et al. 2018). Higher supply chain integration 150 

is likely to increase the adoption of systemic innovation within the collaborative project 151 

delivery of complex projects (Hall et al. 2018). Supply chain partnering is found to be highly 152 

interdependent with information technologies (Papadonikolaki et al. 2016). Xu et al. (2018) 153 

therefore integrated a variety of technologies, such as building information modeling (BIM), 154 

RFID and Internet of Things to create a seamless cooperation environment for stakeholders to 155 

achieve lean prefabrication. Similarly, Li et al. (2018b) designed an Internet of 156 

Things-enabled BIM platform to enhance the effectiveness of collaboration in PBPs of Hong 157 

Kong. To enhance supply chain performance, Zekavat et al. (2015) adopted information and 158 

communication technology in holonic construction management to identify the most 159 

important problem areas to support the process control, while Moon et al. (2017) developed a 160 

process-centric dynamic quality control model based on RFID to pursue continuous 161 

improvement in concrete SCM. 162 

The relationships between stakeholders have an important influence on collaboration, 163 

therefore evaluating and promoting the relationships have attracted wide attention in the SCM 164 

area. For example, Kim and Nguyen (2018a) developed a framework to reveal the situation of 165 

stakeholder relationships and identify areas for improvement, while Kim and Nguyen (2018b) 166 

provided a model to assess the positive impact of supply chain relationship on the 167 

performance of construction projects. Stamatiou et al. (2018) developed a process-based 168 
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model to improve claims management which is found to have an adverse impact on 169 

stakeholder relationships and thereby affect the whole supply chain processes. Liu et al. 170 

(2018), on the other hand, proposed a criteria system to assess the maturity level of supplier 171 

management and designed a maturity grid to pursue continuous improvement of supplier 172 

relationships. 173 

Increasing interest in supply chain optimization is also observed in recent research. This 174 

is because optimizing material management could improve the productivity of construction 175 

supply chains (Moon et al. 2018). Liu and Lu (2018) therefore proposed a 176 

resource-constrained scheduling optimization model to mitigate the complexity of material 177 

SCM in the construction industry. Jaśkowski et al. (2018) put forward a decision model to 178 

facilitate the planning of resource scheduling for the purpose of minimizing the total 179 

inventory management expense of the irregularly consumed materials or components. On the 180 

other hand, van den Berg et al. (2017) designed a board game for students to experience 181 

supply chain optimization, which could promote the understanding of construction SCM 182 

knowledge. 183 

 184 

SCM for PBPs 185 

Prefabrication is a manufacturing process, generally conducted at a specialized facility, 186 

in which various materials are joined to form a component part of the final installation 187 

(Tatum et al. 1987). According to Koskela (2003), SCM for PBPs is more difficult than that 188 

of conventional construction due to its dual production environments (factory and site), more 189 
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design work and prefabrication lead time, a longer error correction cycle, and stricter 190 

requirements for dimensional accuracy. Also, the multi-disciplinary stakeholders from 191 

different firms usually consider their own goals and values individually with little concern for 192 

supply chain performance (Ju et al. 2017). This is particularly true if a company works by 193 

projects and the fragmentation is likely to induce a series of problems in the production, 194 

logistics, and assembly processes. 195 

Production planning is an important managerial activity for component manufacturing 196 

considering its significant impacts on the delivery task, lead time competitiveness, and the 197 

effective use of molds and machines (Benjaoran and Dawood 2006). Precast production 198 

usually uses the make-to-order way in which components are manufactured based on the 199 

assembly progress. Therefore, delivering the precast components as required by the assembly 200 

schedule has high priority in production planning. Effective planning plays an important role 201 

in balancing the production line and enhancing the productivity for benefit maximization 202 

(Altaf et al. 2018). However, precast production has difficulties both inside and outside the 203 

factories. Specifically, over-early or over-late manufacturing is likely to cause storage 204 

problems, late delivery, and time-consuming component location inside the factory via the 205 

traditional way. Immediately finding the right component for the right floor and right part of 206 

the construction is therefore quite hard outside the factory (Yin et al. 2009). These problems 207 

have motivated extensive discussions about production planning optimization (Liu and Lu 208 

2018). 209 

Inventory management is critically important in guaranteeing the smoothness of the 210 
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construction processes (Lu et al. 2011). Excessive inventory is the most serious 211 

non-value-adding activity that may interrupt production activities and generate great wastes 212 

of energy and raw materials (Wu et al. 2014). According to Tserng et al. (2006), excessive 213 

inventory could be mitigated by improving information communication between stakeholders 214 

to reduce demand uncertainty or conducting effective production planning to reduce the gap 215 

between supply and demand. 216 

Although the logistics of component delivery have a considerable impact on project cost, 217 

time and construction progress (Chiang et al. 2006), it seems to garner only limited 218 

consideration when it comes to how it affects the performance of PBPs (Hwang et al. 2018; 219 

Sahin et al. 2018). Since transporting large volumes of engineered materials requires close 220 

communication between practitioners (Gosling et al. 2016), Niu et al. (2017) proposed a 221 

smart construction objects-enabled system to assist decision-making by improving the 222 

concurrence of process and information at the logistics stage.  223 

The assembly process is in the downstream of the supply chain that determines the 224 

demand for precast components. Numerous schedule risks with mutual interactions exist in 225 

the assembly process (Li et al. 2018a). Therefore, the contractor should closely and openly 226 

interact with the client to diminish variations at the assembly stage (Doran and Giannakis 227 

2011). Integrated use of information technologies, such as RFID and BIM, could effectively 228 

mitigate risks and enhance the schedule performance of PBPs (Li et al. 2017c). 229 

 230 

PBPs in Hong Kong 231 
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PBPs have been implemented in Hong Kong for decades in order to mitigate the serious 232 

housing shortage. Since the mid-1980s, the Housing Authority has mandatorily utilized 233 

precast units in all public housing projects. A dimensional coordination and standardization 234 

approach with large-panel steel formwork and various precast elements have been utilized in 235 

PBPs (Tam et al. 2014). The most commonly used precast components include precast façade 236 

(51%), precast staircase (22%), semi-precast slab (9%), and semi-precast balcony (7%) 237 

(Jaillon and Poon 2009). This study traced precast façades to investigate the status of the 238 

supply chain of a PBP; precast façade is a term specifically referring to a type of precast 239 

components forming the external walls of PBPs, which has been widely used by the Housing 240 

Authority (HKHA 2016) and in related studies in Hong Kong (Hong et al. 2016; Tam et al. 241 

2014). 242 

The Housing Authority has become the largest PBP client in Hong Kong and has 243 

adopted the design-bid-build contract mode, in which the client employs a designer and a 244 

main contractor for design work and supply chain coordination respectively. The main 245 

contractor recruits the manufacturer, transporter, and assembly sub-contractor directly and 246 

therefore plays an important role in connecting the upstream production, logistics, and the 247 

downstream demand. All these stakeholders will report project progress to the Housing 248 

Authority once a week.  249 

The supply chains of PBPs are complex and have encountered various problems. Due to 250 

the high labor cost and compact area in Hong Kong, most precast factories are in Guangdong 251 

Province in Mainland China, generating a cross-border supply chain that may have multiple 252 
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variations. The low adoption of information technologies (Xu et al. 2018) impede real-time 253 

data sharing across complex supply chains (Zhong et al. 2017), which considerably affect 254 

stakeholders' decision-making (Niu et al. 2017). Significant hindrances also negatively 255 

influence the implementation of PBPs in Hong Kong, such as lack of storage space on site 256 

and long lead time (Zhang et al. 2018), resulting in considerable schedule delay of projects 257 

(Li et al. 2016b, 2017a; b). The mitigation of these problems depends on better stakeholder 258 

coordination. 259 

 260 

Research methodology 261 

To address the research questions, a combination of case study, document analysis, and 262 

interviews were adopted. Advanced information technologies were used to collect a vast 263 

amount of empirical data within the supply chain of a real-life project. This was followed by 264 

document analysis that was intended to substitute for the data not collected by the 265 

information technologies due to technical problems. In doing so, a complete dataset of the 266 

project was developed to show the real-time status of the supply chain. Statistical analysis of 267 

the dataset was conducted to reveal the actual situation of the SCM for the project and 268 

identify the embedded problems. Experienced stakeholders of the case project were then 269 

interviewed to analyze the root causes of the problems. Fig. 1 shows the research design of 270 

the paper. 271 

 272 

<Insert Fig. 1 here> 273 
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 274 

Case study 275 

Case study is a necessary and sufficient method to address certain important research 276 

questions in social sciences, which holds up well in comparison with other research 277 

methodologies in this area (Flyvbjerg 2006). This method has been widely adopted in 278 

research on PBPs, such as Gibb’s (2001) investigation of the application of standardization 279 

and preassembly. Case studies are often used to present general principles and hard empirical 280 

data supplemented with a case study is valuable for showing concrete examples of abstract 281 

concepts and processes (Fellows and Liu 2015). The generalizability of case studies could be 282 

improved by the selection strategies of illustrative cases, which are usually required to be 283 

representative of general conditions (Flyvbjerg 2006). According to Fellows and Liu (2015), 284 

the purpose of case study is to secure theoretical generalization rather than statistical 285 

generalization, therefore, only a small number of cases are usually recruited for an in-depth 286 

analysis.  287 

In order to guarantee theoretical generalization of the case study, a public housing 288 

project was selected, which is considered to be representative of PBPs in Hong Kong for the 289 

following reasons. First, the project was developed by the Housing Authority, which is the 290 

largest PBP client in Hong Kong providing public housing for over 50% of its residents and 291 

having project teams with similar management skills as other PBPs. Second, all the public 292 

housing projects utilize a modular design and have similar height, floor plan, structure type, 293 

assembly cycle, and volume and types of precast components, indicating the generalization of 294 
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the case study project. 295 

The case study was conducted across the project implementation time to provide an 296 

in-depth analysis of the SCM. This was done by continuously collecting real-time data of 297 

precast components from the initial production stage to the final assembly phase using 298 

effective information technologies. Millions of data entries or points were finally collected to 299 

form a dataset of the project, which illustrates the SCM principles within the case study 300 

project.  301 

The case study project recruited for this study provides valuable insights regarding the 302 

actual situation of SCM for PBPs. The case study project ran from June 2015 to September 303 

2017, with the aim of constructing five buildings of 34-38 stories to accommodate 14,000 304 

people. Fig. 2 illustrates relevant photos of the project. 305 

 306 

<Insert Fig. 2 here> 307 

 308 

Data collection 309 

Automated data collection technologies were adopted to trace the status of the supply 310 

chain. An integrated system combining RFID, global positioning system (GPS) and BIM 311 

technologies, as the means of an experiment to test the performance of such systems for 312 

future possible large-scale adoption, was provided by the client to collect real-time data of 313 

precast components across the supply chain. RFID is composed of a reader and a tag and uses 314 

radio waves of various frequencies to identify objects. A tag stores information within a 315 
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microchip buried inside the object and transmits the signal via an antenna. Passive RFID 316 

relies on a nearby reader to provide energy for data extraction, while active RFID has a power 317 

source inside to support wireless communication. RFID has been extensively used for SCM 318 

in various industries, such as retailing, food and restaurant, health care and logistics (Zhu et al. 319 

2012). The construction industry also utilizes RFID to track and locate materials and 320 

components (Ergen et al. 2007) to obtain real-time information of supply chains (Li et al. 321 

2018b; Zhong et al. 2013), which is useful for quality, inventory, and transportation 322 

management (Yin et al. 2009). RFID could be connected with BIM to trace and visualize the 323 

status of construction supply chains (Qi et al. 2018).  324 

This study tracked the status of the precast components using data collected by RFID, 325 

which was then automatically uploaded via GPS to the BIM system for visualization. 326 

Because of cost considerations, the client only applied the integrated system to one building 327 

of the case project while the other four buildings still used traditional document-based 328 

method to record the supply chain processes. Therefore, only that building with the system 329 

was recruited for real-time data collection. In addition, only façades had RFID embedded for 330 

further cost reduction and were traced for analysis. However, real-time information of 331 

façades only is able to represent the status of the project supply chain. Passive RFID was 332 

embedded into each façade and scanned by workers using readers at the production, delivery 333 

(from the factory), arrival (at the site), and erection time to accurately record the status of the 334 

façades.  335 

The investigated building has a total of 37 floors; Floor 1-34 each has 46 façades and the 336 



19 

 

3 top floors each has 37 façades, generating a total of 1675 façades. Precast facades could be 337 

divided into five types according to their designs, and the ones with similar size and 338 

appearance are considered as one category. Fig. 3 shows the design drawings of the facades.  339 

 340 

<Insert Fig. 3 here> 341 

 342 

Document analysis 343 

Document analysis is traditionally used in the construction industry to retrieve historical 344 

project information. In cases where an RFID failed to record data, the manufacturer’s 345 

production records and the main contractor's master program were used as supplementary 346 

information, which played an important role in completing the dataset of the project. 347 

 348 

Interviews 349 

Interviews with stakeholders from the case project were conducted to analyze the root 350 

causes of the problems in the supply chain. Four experts working for the project were invited 351 

to participate in face-to-face interviews, including the client, the manufacturer, the main 352 

contractor, and the assembly sub-contractor. Since they attended the case study project from 353 

the beginning, they knew the project situation very well and therefore were able to provide 354 

deep insights into the problems in the supply chain and their root causes. The background 355 

information of the stakeholders is shown in Table 1. Requiring the experts to carry out the 356 

analysis objectively was important to ensure the reliability of the interview results. 357 
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Objectivity could be achieved by in-depth and detailed descriptions of issues, from which the 358 

fairness and consistency of their meanings could be judged (Charmaz 1995). The interviewed 359 

stakeholders were invited to answer three questions with which to analyze the problems and 360 

their sources embedded in the SCM: (1) Do the described problems really occur in the SCM 361 

for the PBP? (2) How do the problems occur in the supply chain? and (3) What are the root 362 

causes of the problems? They were asked to provide as many details as possible. By doing 363 

this, how and why the problems occur in the project was discussed in detail, ensuring that all 364 

possible occurrence and their sources were considered. Each interview lasted at least three 365 

hours during which time the stakeholders were able to provide an in-depth and detailed 366 

analysis of the research questions. In view of the high consistency of their descriptions, the 367 

interview results are taken as being objective. 368 

 369 

Research findings 370 

The real-time data of precast components accurately reflects how the supply chain is 371 

operated and managed. This section presents a statistical analysis of the dataset to show the 372 

actual situation of the SCM for the case study project, including the operation of the 373 

production, logistics, and on-site assembly stages, and the inventory and lead-time 374 

management of the supply chain. The actual situation reveals a series of problems in the SCM 375 

of the project, including limited considerations of resource planning, significant assembly 376 

delay, overproduction, excessive inventory, and long lead time, which are analyzed in the 377 

following sections.  378 
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 379 

Supply chain operation 380 

The operation of the production, logistics, and on-site assembly stages constitute a major 381 

part of the supply chain. Each process displayed considerable fluctuations, indicating 382 

significant variations in the supply chain. 383 

 384 

Production stage and embedded problems 385 

According to the manufacturer, the production time of all types of facades is almost the 386 

same (1 day). Therefore, production analysis in this section does not consider the production 387 

time of different facades and instead is based on measurement of facades by number. The 388 

production of precast components is restricted by the factory’s resource constraints. It is 389 

therefore important to conduct reasonable planning to meet the on-site assembly demand for 390 

components, satisfy the internal resource constraints, and optimize the overall manufacturing 391 

costs (Zhai et al. 2006). The case study project showed unbalanced resource deployment 392 

across the production phase, indicating limited considerations of resource planning.  393 

As can be seen in Fig. 4, daily manufacturing records of façades show a highly 394 

fluctuating production schedule throughout the project. Although façades were generally 395 

fabricated by floor sequence, there were considerable production disorders amongst the floors. 396 

For example, after beginning to work for Floor 7, the production line was found to go back to 397 

manufacture several façades of previous floors (e.g. Floor 5), which suggests that the factory 398 

conducted fabrication individually rather than by complete batch. This situation frequently 399 
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happens during the manufacturing stage and may reflect the substantial impact of 400 

disregarding supply to other buildings, indicating that the manufacturer failed to well 401 

coordinate the production schedule of the whole project Also, the distribution of the total 402 

amount of daily produced façades was greatly disorganized without any patterns, implying an 403 

unbalanced deployment of resources (e.g. molds, labor, and equipment) across the production 404 

phase. According to Zhong et al. (2013), dynamic fluctuations during manufacturing is due to 405 

a mismatch between planning and scheduling as a result of frequent disturbances, such as 406 

uncertain downstream demand, engineering changes, and emergent orders. 407 

The scatter plot shown in Fig. 4 below demonstrates that a minimum of one façade and a 408 

maximum of 14 façades were manufactured daily with five façades being produced on 409 

average every working day, which was far from reaching the realistic production capability of 410 

the factory. As the project documents illustrate, 36 façade molds were prepared for this 411 

project, implying that the factory was able to produce 36 façades daily. Most molds and 412 

equipment therefore stood idle during the manufacturing phase, causing significant waste and 413 

revealing poor planning of resources.  414 

 415 

<Insert Fig. 4 here> 416 

 417 

By contrast, the number of monthly manufactured façades had an upward trend with 418 

relatively lower fluctuations as shown in Fig. 5. This implies that the manufacturer was likely 419 

to produce more precast components in the later stages of the supply. Minimum and 420 



23 

 

maximum amounts of façades produced monthly were 22 and 187 respectively, which reveals 421 

a great gap between manufacturing efforts devoted to different episodes of supply. 422 

 423 

<Insert Fig. 5 here> 424 

 425 

The production duration of façades for each floor is shown in Fig. 6, which displays a 426 

downward trend of fabrication time for each floor, indicating that the manufacturing speed 427 

accelerated with the project schedule. Specifically, the longest time (65 days) and shortest 428 

time (10 days) was spent on fabrication for Floor 5 and Floor 30 respectively. On average, 30 429 

days were used to complete the production of façades for each floor. Furthermore, several 430 

days’ interruption frequently took place during the manufacturing phase, resulting in 431 

significant time buffers. This is because the manufacturer was working for multiple projects 432 

at the same time and failed to balance the production resources for different projects. 433 

 434 

<Insert Fig. 6 here> 435 

 436 

Logistics stage and embedded problems 437 

The logistics process consisted of two sub-processes: cross-border transportation from 438 

the factory to the staging area (Logistics A) and local transportation from the staging area to 439 

the construction site (Logistics B). Logistics arrangements were subject to the schedule of 440 

on-site assembly in order to ensure the arrival of precast components in time. The logistics 441 
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time of each floor’s facades and the number of facades conveyed each time remained 442 

relatively stable during the transportation phase, indicating the well control of the 443 

transportation task in the case project. 444 

The logistics durations of each floor’s façades are shown in Fig. 7, which demonstrates 445 

that time used for the logistics decreased with the project's progress. The transportation of 446 

façades for the initial floors took more time than the subsequent floors, indicating that 447 

schedule of the project was relatively slow at the beginning of the supply. Logistics of the 448 

first floor’s façades spent the longest time on both of the two sub-processes; logistics A and B 449 

lasted 43 days and 19 days respectively. The shortest time used for these two processes was 450 

only one day, implying that the transporter did have the capability to provide fast delivery. 451 

The average time spent in completing the transportation of each floor’s façades in the two 452 

sub-processes was 7.1 days and 6.9 days respectively. Considering that the cross-border and 453 

the local transportation processes could be finished within one day, the actual logistics 454 

rhythm of the transporter is relatively slow due to the unstable downstream demand for 455 

components. This situation added the batches of component arrival which may have negative 456 

impacts on site layout management with delay of on-site assembly. 457 

 458 

<Insert Fig. 7 here> 459 

 460 

The number of façades shipped each time by cross-border transportation (Logistics A) is 461 

illustrated in Fig. 8. According to the manufacturer, heavy trucks were used for the 462 
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transportation with each truck capable of conveying 7 or 8 façades at a time. The entire 463 

logistics task was separated into 116 batches with each batch shipping 7 to 46 façades and 464 

most frequently shipping 15 or 23 façades, the latter of which constitute almost half a floor. 465 

 466 

<Insert Fig. 8 here> 467 

 468 

On-site assembly stage and embedded problems 469 

The assembly of precast components for typical floors in Hong Kong's prefabricated 470 

public housing projects is six-day cycle (Chan and Chan 2002; Li et al. 2018a). The Housing 471 

Authority conducts this cyclic erection of floors in order to optimize cost, time, and resource 472 

benefits. However, significant assembly delays were observed at the assembly stage of the 473 

case study project, resulting in various problems in the supply chain. 474 

The actual assembly duration of typical floors (Floor 2-34) is shown in Fig. 9 with 475 

significant schedule delays across the assembly stage despite long-term efforts devoted to 476 

good on-site construction practice. The second floor took up to 16 days to complete because 477 

of the lengthy learning and preparation process in the early stage of the on-site construction, 478 

while the assembly of the subsequent floors was relatively faster with the erection duration of 479 

typical floors averaging out at nine days. A sharp increase in the assembly time occurred at 480 

Floor 22 and Floor 27 because of a lack of labor and component damages respectively, 481 

resulting from inferior resource planning and poor site layout management. Only Floor 5 and 482 

Floor 6 realized the goal of completing the assembly within the cycle time, while other floors 483 
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lagged behind the expected schedule resulting in a delay of 102 days and considerable cost 484 

overruns. This situation reveals poor control of the assembly process. 485 

 486 

<Insert Fig. 9 here> 487 

 488 

Inventory and lead time management 489 

The planned and actual concreting schedule of the investigated building is shown in Fig. 490 

10, indicating significant assembly delays of most floors. The overall progress of the supply 491 

chain is illustrated in Fig. 11. There can be seen little consistency between upstream 492 

production and downstream demand, resulting in overproduction, excessive inventory, and 493 

long lead time. Overproduction is the root cause of excessive inventory, long lead time, and 494 

unnecessary movement (Ohno 1988). Excessive inventory is also considered to be a 495 

significant waste since it occupies space and induces storage costs with the potential risk of 496 

component damages (Pheng and Chuan 2001), while long lead time is associated with 497 

schedule delay and extra costs. This section describes the inventory and lead time situation of 498 

the case study project to show overproduction, excessive inventory, and long lead time in the 499 

SCM. 500 

 501 

<Insert Fig. 10 here> 502 

<Insert Fig. 11 here> 503 

 504 
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Inventory management and embedded problems  505 

Excessive inventory existed in the factory, the buffer, and the site, indicating 506 

considerable time and money invested in advance before generating any value for the supply 507 

chain. This section provides the amount of inventory and stock time of façades throughout 508 

the supply chain of the case study project. 509 

The inventory amount in different supply chain stages of the investigated building is 510 

shown at the top of Fig. 12. It can be seen that the façades kept in stock in the factory almost 511 

always number in the hundreds, which is substantially higher than the inventory amount in 512 

the buffer and the site. This implies that the manufacturer preferred to store large quantities of 513 

components before they were really needed. Initially, the amount of factory inventory 514 

demonstrates an upward trend, increasing to 300 façades in the 227th day of the project. A 515 

fluctuation then follows with the maximum inventory reaching 332 façades, which amounts 516 

to the number of façades for up to seven floors. The maximum inventory in the buffer and the 517 

site is 69 and 115 façades respectively. The average amount of façade inventory in the factory, 518 

the buffer and the site every working day is 212, 14, and 17 respectively. Considering that 519 

inventory situation may be influenced by the factory’s response to the demand from the other 520 

four buildings of the project, the bottom of Fig. 12 shows the amount of façade inventory of 521 

the whole project based on the production record of the manufacturer, which reveals similar 522 

trend with that of the selected case building across the supply chain. The maximum and the 523 

average amount of façades in stock for the whole project is as high as 1249 and 720 524 

respectively, indicating excessive inventory in the factory. Holding such a great number of 525 
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components is likely to cause a series of problems, such as poor layout management and 526 

damage to components. Given the limited area of the site in Hong Kong, the inventory should 527 

have been reduced. 528 

A large inventory can be ascribed to overproduction in the factory. According to the 529 

manufacturer, the safety inventory that should have been stored was two floors of façades (92 530 

façades). Safety inventory means the extra stock kept on hand as a cushion to mitigate risk of 531 

stockouts caused by uncertainties of surroundings or nature (Lin et al. 2011), which plays an 532 

important role in responding to reasonable demand variability (Minner 2003). In the actual 533 

situation, safety inventory could be influenced by various factors such as the production 534 

demand probabilistic distribution, the initial and updated production schedules and plans of 535 

the factory and the overall level of contractor satisfaction (Jung et al. 2004), indicating 536 

considerable difficulties in the control of inventory management. This study observed that the 537 

quantity of façades in stock far exceeded the safety inventory with up to 321 working days of 538 

excessive inventory, which reveals severe overproduction by the manufacturer. This situation 539 

is mainly caused by the over-early production principle adopted by the factory which did not 540 

only work for this project and meanwhile had many other businesses to deal with. Also, 541 

benefiting from overproduction while not taking the risk of excessive inventory, the main 542 

contractor initially over-forecast the demand for façades before they were actually needed 543 

(Tsay 2008), and the manufacturer therefore had to produce the façades as early as possible to 544 

complete the order. 545 

 546 
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<Insert Fig. 12 here> 547 

 548 

The average stock time of different floor façades in the factory, the buffer, as well as the 549 

site is shown in Fig. 13. The stock time in the factory is significantly higher than that in both 550 

the buffer and the site almost throughout the supply chain. Specifically, the initial stock time 551 

in the factory is at a very high level (up to 114 days) but then decreases rapidly in line with 552 

the project schedule, which suggests improved coordination between the manufacturer and 553 

the main contractor. On the other hand, stock time on the site is relatively short for the first 17 554 

floors and then takes an upward swing reaching a peak of 31 days for the 31st floor, indicating 555 

reduced efficiency of the assembly work. Because of the close proximity of buffer and site, 556 

stock time in the buffer remains relatively stable. The average stock time in the factory, the 557 

buffer, and the site is 44, 4, and 14 days respectively. 558 

Excessive inventory and long stock time is the norm in the construction industry since 559 

the manufacturer or the contractor would like to supply or acquire the components/materials 560 

before needed (Tserng et al. 2006). The manufacturer in the case study project adopted an 561 

over-early production principle by beginning to plan production four months in advance, 562 

which is the main cause of such high inventory in the factory. The main contractor also 563 

preferred to store large quantities of components on the construction site. This situation 564 

resulted in a lot of waste and extra costs in the supply chain. 565 

 566 

<Insert Fig. 13 here> 567 
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 568 

Lead time management and embedded problems  569 

In SCM theory, lead time generally refers to the time from the moment the client places 570 

an order to the moment it is ready for delivery. Given the multiple orders and complex 571 

coordination process in the cross-border supply chain, this study defines lead time as the time 572 

from the moment the manufacturer begins production to the moment the precast components 573 

arrive at the construction site. Fig. 14 illustrates the lead time of façades for different floors, 574 

showing that the waiting time of components remains at quite a high level across the supply 575 

chain, averaging out at as much as 48 days. Also, a downward trend of lead time with project 576 

progress can be seen, implying better supply chain performance in the later stages. Vrijhoef 577 

and Koskela (2000) pointed out that a considerable lead time in the beginning, particularly 578 

because of inventory and delays, is caused by uncoordinated planning and 579 

inter-organizational problems. 580 

The factory adopted an over-early production principle and therefore had enough time to 581 

plan the production and control the lead time. However, since lead time starts from the 582 

moment the factory begins manufacturing, the over-early production commencement results 583 

in the occurrence of long lead time. This phenomenon suggests that the manufacturer lacked a 584 

reasonable resources deployment concept to balance time, cost, and resource merits, resulting 585 

in significant waste throughout the supply chain. Also, poor coordination between upstream 586 

production and downstream demand for components is responsible for the significant lead 587 

time (Arashpour et al. 2016). Such long waiting time is common in the prefabrication sector 588 
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globally, such as in Mainland China (Luo et al. 2015), Malaysia (Nawi et al. 2011), and the 589 

UK (Blismas et al. 2005) and is considered to be a barrier affecting the development of PBPs. 590 

 591 

<Insert Fig. 14 here> 592 

 593 

Discussions 594 

Above data analysis has revealed the actual situation of the SCM and a series of 595 

problems embedded in different stages of the case study project, including limited 596 

considerations of resource planning, significant assembly delay, overproduction, excessive 597 

inventory, and long lead time. In order to explore how and why these problems occur, four 598 

experts from the case study project were interviewed to solicit their opinions. First, the 599 

analysis results of the real-time data were reported to the experts with emphasis on the 600 

identification of the problems embedded in the SCM. With great familiarity with the project, 601 

the experts highly recognized the existence of the problems. Second, they were invited to 602 

provide detailed descriptions about the occurrence of the problems one by one in detail. Third, 603 

based on the analysis in the second step, the root causes of the problems were discussed with 604 

the experts in detail. The following sub-sections present the results of the interviews to 605 

display how the problems occur under the effects of their root causes which include poor 606 

supply chain planning, poor communication between stakeholders, and poor control of 607 

working flows. The considerable negative impacts of these three factors on the supply chain 608 

performance of PBPs were echoed in previous studies on Singapore (Hwang et al. 2018), 609 



32 

 

Australia (Sahin et al. 2018), and Malaysia (Pozin et al. 2016). 610 

 611 

Poor supply chain planning 612 

The profile of the supply chain for the case study project reflects poor planning prior to 613 

project implementation. The manufacturing and on-site construction phases are major parts of 614 

the supply chain and detailed planning of the activities plays an key role in improving 615 

productivitiy and efficiency of the projects (Arashpour et al. 2015; Li et al. 2018b; Wang and 616 

Hu 2017). However, as pointed out by the interviewed stakeholders, on-site construction 617 

often does not go according to plan and so disturbs original resource arrangements. This is 618 

because the supply chain of a PBP is much more vulnerable and complicated than that of a 619 

traditional project (Wang et al. 2019), and therefore has more variations which need to be 620 

minimized (Arashpour et al. 2019). The mismatches between the plan and the actual 621 

implementation had a considerable impact on the supply chain, including uncertain demand 622 

for precast components, overproduction and long lead time in the factory, disrupted 623 

transportation schemes, and schedule and cost problems. These issues are common 624 

worldwide and Wu and Low (2012), Nahmens and Mullens (2011) and Xu et al. (2018) 625 

therefore proposed lean prefabrication as a strategy to reduce the huge wastes and the 626 

resultant losses. On the other hand, the production profile shows that the factory followed the 627 

traditional rule of earliest due date regardless of resource considerations, which is criticized 628 

to be a trial and error approach to production planning because it does not guarantee a good 629 

result (Zhai et al. 2006). 630 
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The main contractor was the major planner of the project responsible for developing the 631 

master program, which is the most important document for milestone arrangements during 632 

the production, transportation, and assembly stages of the project. However, the master 633 

program of the case study project was revised up to seven times, which greatly disrupted the 634 

plan across the supply chain. Although the enterprise resource planning (ERP) system used 635 

by the main contractor played an important role in integrating the internal and external 636 

information flows, it mainly focused on the managerial level of decision-making while the 637 

shop-floor schedule was only weakly connected to the system. This situation has been 638 

validated by Zhong et al. (2017) in PBPs of Hong Kong. According to the assembly 639 

sub-contractor, the shop-floor supervisors adopted a paper-based schedule that was often 640 

disrupted by engineering changes. There was therefore a gap between the planning and the 641 

actual schedule, resulting in a considerable waste of resources and time throughout the supply 642 

chain. 643 

 644 

Poor communication between stakeholders 645 

Severe inconsistency between production, transportation and on-site assembly indicates 646 

poor communication between stakeholders, which is revealed as one of the root causes of 647 

excessive inventory and long lead time. As the coordinator of the supply chain, the main 648 

contractor plays a critically important role in integrating the project team. This is in line with 649 

construciton management practice in which the contractor is always the focus of SCM 650 

(Fernie and Thorpe 2007). Its interactions with the manufacturer and the transporter are 651 
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greatly influential to the smooth implementation of the project, while the contractor-client 652 

relationship is highly correlated with on-site productivity (Pheng and Chuan 2001) and 653 

variation reductions in the assembly phase (Doran and Giannakis 2011). Unfortunately, the 654 

main contractor from the case study failed to integrate the upstream production, 655 

transportation, and the downstream assembly processes, thereby bringing about a fragmented 656 

supply chain.  657 

The overproduction, excessive inventory and long lead time could be ascribed to the 658 

main contractor's poor communication with other stakeholders. When interviewed, the 659 

manufacturer complained that they did not receive the latest on-site information quickly since 660 

the main contractor often informed the factory of their demand very late without prior 661 

communication. The factory therefore had to use the earliest due date principle in case any 662 

sudden orders arrived, which generated huge overproduction and excessive inventory with 663 

long waiting time. Also, because the main contractor was deficient in communicating with 664 

the transporter about the latest delivery schedule of precast components, the transporter often 665 

conveyed components to the buffer several days in advance, causing excessive inventory and 666 

long lead time in the buffer. This phenomenon shows the inefficient and inaccurate 667 

information sharing between stakeholders in PBPs as evidenced by Xu et al. (2018) and 668 

Zhong et al. (2017). 669 

Such poor communication combined with frequent variations engenders mistrusts 670 

between stakeholders, which is another source of overproduction in the factory. The on-site 671 

construction is a complex process that often does not go according to plan, thereby requiring 672 



35 

 

timely information exchanges between stakeholders to coordinate the working packages, 673 

labor, and resources in the supply chain. However, the manufacturer complained that the 674 

changes in the master program and the design were often not updated to them in time, 675 

resulting in disrupted production rhythm, poor layout management of components, and 676 

increasing operation costs. As a result, the manufacturer did not believe that the project could 677 

be implemented as planned, and therefore produced large amounts of components in advance 678 

and kept them in stock to address those problems caused by the poor information transfer by 679 

the main contractor. According to Wu et al. (2017), trust mechanism should be built among 680 

stakeholders on the basis of equal cooperation, which could effectively add value for the 681 

project. 682 

The poor interactions between the stakeholders may be due to their ineffective 683 

communication methods. The project stakeholders share the latest progress information and 684 

variations with each other mainly by email, WhatsApp, and hard copies of project documents. 685 

These forms of traditional communication result in weak coordination between the upstream 686 

production and the downstream demand for precast components. According to Zhong et al. 687 

(2013), this weakness should be tackled by means of advanced information technologies to 688 

monitor inventory and overproduction on a real-time basis, thereby considerably improving 689 

the supply chain performance of PBPs.  690 

 691 

Poor control of working flows 692 

The supply chain is composed of multiple processes and stakeholders that are hard to 693 
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control due to the complex working packages and heavy resource deployment. Such 694 

complexity generates diverse variations in the supply chain and reveals the stakeholders’ 695 

inability to effectively control the working flows. Since upstream and downstream do not 696 

exist individually but have close mutual impacts on each other, the variations taking place in 697 

either phase may influence the operation of the entire chain. 698 

The interviewed stakeholders reached a consensus that delayed assembly schedules have 699 

a considerable propagation impact on supply chain operations. The delay often occurs in 700 

PBPs of Hong Kong and results in a series of supply chain risks (Luo et al. 2019). The main 701 

contractor attributes excessive installation time to low productivity and multiple errors that 702 

break the construction rhythm. First, identifying the right component from the inventory on 703 

the construction site takes quite a long time because components often have similar sizes and 704 

shapes and are placed together in a compact area of the site; misplacement of components is 705 

also found to occur occasionally during the assembly stage. Such poor layout management 706 

makes it difficult to quickly recognize the components belonging to the right floor and the 707 

right part of the building. This is particularly the case if the components identification marks 708 

are unclear or incorrect (Wu and Low 2014).The large amounts of inventory make it 709 

time-consuming to find the correct component. According to the main contractor, 710 

construction workers may not find a component to be the improper one until getting ready to 711 

install it or after installing it in an inappropriate place. Consequently, the component has to be 712 

taken back to the storage and more time will be taken to identify the proper one. The delay of 713 

one floor has propagation impacts on the subsequent floors, thereby negatively affecting the 714 



37 

 

schedule of the whole project. Also, component damages which have been found to take 715 

place in PBPs of Singapore (Pheng and Chuan 2001) and Malaysia (Azwanie et al. 2016), 716 

often arise from the frequent movement of inventory, resulting in extra hours and repair costs. 717 

Furthermore, inspecting component quality consumes much time due to slow procedures and 718 

the low productivity of workers. In addition, those common problems frequently occur in 719 

PBPs, such as tower crane breakdown, safety accidents (Fard et al. 2017), and design change 720 

(Jaillon and Poon 2010, 2014) are also observed on the construction site of the project, which 721 

are significant causes of schedule delay and cost overruns. Such deficient control of multiple 722 

flows results in high variety of downstream demand for precast components and consequently 723 

causes a mismatch between the production and assembly schedule. Greater efforts are 724 

therefore required to inspect, manage and coordinate complex on-site work. 725 

The factory also had insufficient control of the various working flows, which 726 

considerably affected component quality and delivery schedule. Although the components 727 

were produced in a controlled off-site environment, they may still have some defects and 728 

therefore did not meet the quality requirement. Some components may have been damaged as 729 

a result of a large inventory and unnecessary movements due to poor layout management in 730 

the factory. The defects and damages caused by the poor control of working flows bring 731 

about the re-production of components, which demands extra time and money of the 732 

manufacturer and delayed delivery of components. It was also observed that the case study 733 

project mistakenly took delivery of components from the factory as confirmed in Pheng and 734 

Chuan’s (2001) work, which significantly affected installation implementation. Although all 735 
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the components had a serial number marked on the surface to show their identity information, 736 

workers often made mistakes by marking wrong serial numbers or making the label 737 

ambiguous, which impeded component identification during installation. 738 

In addition, due to the complex cross-border supply chain, damage occurred to 739 

components during transportation, which caused a delay to the schedule. However, it was 740 

problems resulting from poor control of the working flows in the upstream production and the 741 

downstream assembly phases that affected the supply chain operation the most. 742 

 743 

Conclusion 744 

As an alternative to traditional construction, prefabrication has gained worldwide 745 

attention because of its technological benefits. Many countries and regions therefore have 746 

established large-scale PBPs. The SCM for such PBPs plays an important role in enhancing 747 

successful delivery. However, the multiple processes and stakeholders involved make SCM 748 

for PBPs a complex task. Before any measures could be developed to address the problems in 749 

the supply chains of PBPs, it is important to fully understand the actual situation of SCM for 750 

PBPs. 751 

The supply chains of PBPs in Hong Kong are relatively more complex because of the 752 

cross-border transportation process. This study investigated the real-time status of a supply 753 

chain for a PBP in Hong Kong by tracing precast components across the production, logistics, 754 

and on-site assembly processes. Automated collection technologies were adopted to obtain 755 

real-time data of precast façades across the supply chain. The findings show that limited 756 
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considerations of resource planning, significant assembly delay, overproduction, excessive 757 

inventory, and long lead time were serious problems which produced considerable 758 

non-value-adding waste in the supply chain and led to cost overruns and schedule delays. The 759 

root causes of the problems include poor supply chain planning, poor communication 760 

between stakeholders, and poor control of working flows. 761 

This is the first study to reveal the actual situation of SCM for PBPs using empirical data 762 

from an entire supply chain. The paper provides an in-depth understanding of the problems 763 

and their root causes associated with SCM for PBPs, which will help stakeholders to manage 764 

supply chains for PBPs more efficiently and effectively.  765 
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