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一、行程目的： 

此行程之主要目的為至美國加州「2012 年(第二十屆)國際精實營建年會」發表

國立屏東科技大學於精實營建之研究成果，發表論文中文名稱：考慮需求變異於

預鑄廠生產排程，論文英文名稱：Arranging Precast Production Schedules 

Using Demand Variability，參與本會議之研究成果約於 10 個月前開始準備，

此會議有兩階段審稿制度，皆為雙盲審查(Double-Blind Review)，第一階段為

摘要審查，約於 2011 年 12 月開始，2月份通知是否接受，本次發表論文摘要於

2012 年 2 月份接受發表，全文提交於 2012 年 5 月送出，投稿後「2012 年(第二

十屆)國際精實營建年會」籌備會同意以口頭發表(Oral Presentation)方式報告

此論文。 

國際精實營建年會為全球發表精實營建成果最重要之會議，該會議每年固定舉

辦，我國亦於此年會中占有重要之地位，2009 年為國立屏東科技大學主辦，持

續參與此會議因此更具重要性，此外，2012 年為此會議舉辦第二十周年，此年

會議更具重要性，至該年會發表研究成果具指標意義，亦對提升我國於此研究領

域之國際知名度有幫助。 

加州聖地牙哥州立大學為聖地牙哥主要大學之一，歷史悠久，瞭解該校軟硬體設

施與課程規劃，可作為國內大學軟硬體設施與課程規劃時之參考。 

 

二、參加會議經過 

 7 月 12 日 搭機出國 

由桃園國際機場搭乘中華航空公司班機前往美國加州，飛機於加州洛

杉磯國際機場降落。 

 7 月 13 日至 7月 17 日 參訪加州聖地牙哥州立大學 

此段期間參訪加州聖地牙哥州立大學，瞭解該校軟硬體設施與課程規

劃，參觀設施包含：教學大樓、會議中心、美式足球場、校史館、停車

設施、圖書館等。 

 7 月 18 日至 7月 20 日 參加 2012 年(第 20 屆)國際精實營建年

會(IGLC 20) 

精實營建國際研討會主要目的為透過學界與工業界之互動，創造、發展與發表精

實營建知識。這三天的學術會議由業界及學術界人士以口頭發表或海報的方式進

行，論文審查分為摘要與全文兩階段匿名審查。IGLC 20 研討會地點位於加州聖

地牙哥州立大學(San Diego State University)，研討會三天議程如下： 
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IGLC 20：研討會第一天議程 
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IGLC 20：研討會第二天議程 
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IGLC 20：研討會第三天議程 
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與會過程中以口頭(Oral)方式配合投影片發表論文，發表論文中文名稱：考

慮需求變異於預鑄廠生產排程，論文英文名稱：Arranging Precast 

Production Schedules Using Demand Variability，報告時間約十分鐘，每

場次安排有三位報告講者，三位講者全數報告完成後再一併問答，報告後有

三位國際人士對本發表論文提出問題：分別為美國學者、以色列學者與非洲

學者，國際與會人士一致對本發表論文予以肯定，亦透過討論過程交換意見，

提升本國於精實營建此一領域之知名度與國際能見度。 

 

 

 

參加研討會實況 

 

發表論文實況 I 

 

發表論文實況 II 

 

討論實況 
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研討會場 

 

研討會場 

 

7 月 24 日 搭機返國 

由洛杉磯國際機場返國，抵達桃園國際機場。 

 

三、與會心得 

 預鑄廠生產流程改善應從多方面著手，包含：物料管理、供應鍊、

生產排程等。 

 當討論變異之影響時應將其範圍縮小一些，使研究主題更為明

確。 

 精實的精神在於不斷改善與組職學習，唯有不斷改善、持續進

步，方能保有企業競爭力。 

 精實營建著重於去除施工流程中之浪費，有學者將強迫施工者工

作(“making-do”)視為是一種浪費。在研討會發表過程中有學

者提出應先確認強迫施工者工作(“making-do”)之定義，如果

沒有事先定義“making-do”，則無法改善“making-do”所造成

之浪費。 

 本研究著重於預鑄生產原料之轉運，有學者認為完成後之預鑄構

件或許亦可作為轉運物件之一。 

 精實營建強調於設計的過程中透過專案成員相互檢視與討論，將

問題提前浮現，因為沒有一個人可以知道所有事情，因此，協同

合作是很重要的。 
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四、建議事項 

 加州聖地牙哥為美國重要軍事港口，其於軍港外展示退役之航空

母艦供遊客參觀，增加收入，可做為本國借鏡參考。 

 該研討會運用A3表格(A3為精實營建所使用的一種表格)呈現各

篇內容的摘要，擺脫傳統以摘要方式提供讀者快速了解論文內

容，A3 方式可作為本國未來舉辦研討會之參考。 

 此研討會並未提供紙本會議論文集，改以 A3 表格取代，全文則

以電子檔方式提供，可減少大量紙本、節能減碳，此方式可作為

本國未來舉辦研討會之參考。 

 加州聖地牙哥州立大學位於州際公路旁，為減少行車噪音影響，

該校於公路旁設置隔音板，此外，該學附近有多條道路穿越，穿

越路段設置具設計感之天橋與架空走廊，除維護行人安全外亦可

凸顯學校特色，值得借鏡。 
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ARRANGING PRECAST PRODUCTION SCHEDULES USING DEMAND 

VARIABILITY  

Chien-Ho Ko
1
 

ABSTRACT 

Demand variability is the biggest headache for fabricators. The objective of this 

research is to develop an improvement plan that continuously enhances production 

control systems for precast fabrication. A Lead Time Estimation Model (LTEM) is 

established to reduce the impact of demand variability. Two principles are proposed 

to adjust the production schedule according to the estimated lead times. In the LTEM 

process, previous jobs awarded from specific customers are analyzed for customer 

behavior. Potential fabrication lead time is established for specific customers for 

forthcoming projects. The adjustment principles i.e. 1) start fabrication later relative 

to the required delivery dates and 2) shift production milestones backward to the end 

of the production process, are built based on reducing the impact of demand 

variability. These principles are applied to produce a robust production schedule that 

reduces the impact of demand variability. The effectiveness of the developed 

improvement plan, LTEM, and the adjustment principles are validated using a real 

precast fabricator.  

KEYWORDS 

Demand variability, lead times, production, precast fabrication.  

INTRODUCTION 

Construction is different from manufacturing in that manufacturing tasks are 

performed indoors with controllable environmental factors. However, construction 

projects rely on timely delivery of materials produced by manufacturers (Ballard and 

Arbulu, 2004). These products and the fabrication shops which produce them sit 

squarely at the intersection between manufacturing and construction (Walsh et al., 

2004; Barriga et al., 2005). Production control is defined as the task of coordinating 

manufacturing activities in accordance with manufacturing plans so that preconceived 

schedules can be attained with optimum efficiency (Voris, 1956; Bertrand et al., 
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1990). Fabricators strive for business success by delivering the required quantity and 

quality of products on time. This cannot be achieved without an appropriate 

production control system (Hamez et al., 2008).  

Production control systems have been proven effective in solving various kinds of 

managerial problems. For example, Iwata et al. (2003) established a planning 

methodology which takes into account the required cycle time and production cost 

levels with budget constraints. Toba et al. (2005) proposed a load balancing method 

that leveled all product processing operations among fabrication lines. A production 

control strategy developed using neural networks and the simulated annealing 

approach was proposed by Scholz-Reiter and Hamann (2008). Their system can react 

to changing conditions according to product selection and customer demand. In 

Schwartz and Rivera’s (2010) research, supply chain management is concerned with 

the efficient movement of goods through a network of suppliers and retailers. A fluid 

analogy was used to develop a production control model for tactical inventory 

management problems in a production-inventory system. Many studies have been 

conducted on improving production control systems using the pull mechanism, buffer 

approach, inventory control, and optimization technique (Hopp and Spearman, 2000). 

These manufacturing theories show promise as ways to improve project performance 

in the construction industry (Koskela, 1992; Ballard, 2000). Variability is inevitable 

and ubiquitous in construction projects (Robinette and Williams, 2006). However, 

previous work focused on investigating process and flow variability, ignoring crucial 

demand variability incurred from customers. This research assumes that 

understanding the demand variability would be beneficial in allowing managers to 

arrange reasonable schedules. The objective of this research is to develop an 

improvement plan for continuously enhancing the fabricator production control 

system. A key production issue, demand variability, is discussed in this research.  

PRECAST PRODUCTION PROCESS 

Precast fabrication can be divided into six steps, i.e. mold assembly, placement of 

reinforcement and all embedded parts, concrete casting, curing, mold stripping, and 

product finishing (Ko, 2010), as shown in Figure 1. Different with production systems, 

precast elements are produced stationary instead of conveying by belts due to their 

huge volume and heavy weights. Therefore, fabrication works are completed by 

mobile crews. The mold assembly activity requires a specific dimension. In general, 

precast fabricators use steel molds for the purpose of reuse. Precast element primarily 

contains two kinds of materials, namely, concrete and steel bars. Reinforcements and 

embedded parts are put in their positions after the mold is formed. Embedded parts 

are used to connect and fix with other components or with the structure when the 
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precast elements are erected. The concrete is cast when the embedded parts are in 

their positions. To enhance the chemistry solidifying concrete, steam curing is carried 

out. Otherwise, the concrete requires weeks to reach legal strength. Moving or 

erecting elements before reaching the legal strength could cause damage. The molds 

cannot be stripped until the concrete solidifies. Due to the cost of developing steel 

molds, fabricators reuse molds once they are stripped. Finally, production elements 

are finished. Defects such as scratches, peel-offs, and uneven surfaces are treated in 

this step. Afterwards, precast elements are shipped to the storage yard awaiting 

delivery to construction site (Ko, 2010).  

Assemble mold

Place parts

Cast concrete

Cure concrete 

Strip mold

Finish products 

Finished goods

Delivery 
 

Figure 1: Precast production process 

IMPROVEMENT PLAN 

Continuous improvement is one of the keys to raise the performance of production 

systems (Womack and Jones, 2003). This study has developed a methodology to 

provide a guideline for continuous improvement. The improvement plan, shown in 

Figure 2, consists of three phases, i.e. “System analysis & problem identification,” 

“solution development,” and “validation”, forming a continuous improvement loop.  
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Phase I: System analysis & problem identification

Phase II: Solution development

Phase III: Validation

Develop hypotheses

Test hypotheses
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Figure 2: Improvement plan for production control in fabrication (Adopted from Ko, 

2011) 

LEAD TIME ESTIMATION MODEL 

Fabricators schedule production plans based on required delivery dates and expected 

durations (lead times). However, schedules may be disrupted by the late receipt of 

design information, design changes, or changes in delivery dates. This demand 

variability originates with the customer and causes fabricators to risk loss of capacity 

or increased inventory costs. Variability is an inevitable part of the production process 

and, to absorb variability, one possible approach for fabricators is to take variability 

into account when they make schedules (Ko and Ballard, 2004). An LTEM was 

developed to estimate the production lead time under the impact of variability. The 

LTEM consists of three steps, viz. represent fabrication lead times, analyze customer 

behavior, and calculate lead times. 

REPRESENT FABRICATION LEAD TIMES 

The first step in estimating lead times is to make the fabrication process explicit and 

visible. A process map is used to represent the production system. Fabrication lead 

times are defined as the period from order acceptance by the fabricator to the 

beginning of product deliveries to the customer (Chapman, 2005). By this definition, 

fabrication lead time can be regarded as the time fabricators require for completing an 

order. 

Fabrication lead times (FLT) can be represented using Eq. (1). The equation is a 

general formula for engineered-to-order products that can be modified for other 

product types (e.g., made-to-stock, made-to-order and fabricated-to-order) to 

represent the required fabrication lead times. 

FLT = WDT + SDT + PT + FT + AT + DT                          (1) 
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where WDT is the Waiting for Design information Time, SDT is the Shop Drawing 

production and review Time, PT is the Procurement Time, FT is the Fabrication Time, 

AT is the pre-Assembly Time, and DT is the Delivery Time. 

ANALYZE CUSTOMER BEHAVIOR 

Fabricators formulate production schedules according to the time for required 

production processes and the customer’s required delivery date. However, customers 

may impact production schedules in several ways. For engineered-to-order products, 

fabricators cannot start preparing shop drawings until the design information is 

received (WDT). Once the shop drawings are complete, the manufacturer has to wait 

for a review from the general contractor, architect, and/or engineer (SDT). Patterns of 

customer managerial behavior can be tracked from historical data on previous projects 

(Scholz-Reiter and Hamann, 2008). A statistical analysis of previous jobs can 

therefore be used to represent an individual customer’s behavior in terms of the 

frequency and magnitude of milestone changes. 

CALCULATE LEAD TIMES 

The impact of variability on fabrication lead times is represented in Eq. (2) where 

WDTv, SDTv, PTv, FTv, ATv, and DTv can be positive or negative, positive denoting 

the duration is extended from the original milestone while negative denotes it is 

shortened. 

FLTv = WDT + WDTv + SDT + SDTv + PT + PTv + FT + FTv + AT + ATv + DT + DTv   (2) 

where FLTv is a lead time impacted by demand variability, WDTv, SDTv, PTv, FTv, 

ATv, and DTv are the derivative times of WDT, SDT, PT, FT, AT, and DT 

respectively induced by the demand variability. 

PRODUCTION SCHEDULE ADJUSTMENT 

To derive a production schedule that considers the impact of demand variability, two 

principles are proposed to adjust the production schedule based on the estimated lead 

times: 1) start fabrication later relative to the required delivery dates and 2) shift 

production milestones back to the end of the production process. The first principle 

identifies a proper time to start fabrication whereas the second one designates the 

remaining time points. 

APPLICATION 

The proposed improvement plan was applied to a real precast concrete fabricator to 

validate its effectiveness. To understand the fabricator’s practices, this research 
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analyzed archived Job Status Reports. The precast fabricator collaborating in this 

research maintained a Job Status Report in the form of a spreadsheet. In the archive, 

each job was recorded as a row with 58 columns, composed of three parts providing 

basic information, a sequence of milestones and actual dates, and element dimensions. 

The frequency of milestone changes was aggregated from the archived data. 

Justifying these is part of customer behavior. Jobs are grouped by contractors, and 

eight customers which had worked with the fabricator on four or more jobs were 

selected for analysis. Most customers made either slight or no changes to the final 

approval milestone. The production release milestone is rarely changed because the 

fabricator can fabricate the products within a few days, and thus has a greater degree 

of control over this milestone, which is also true for start production milestones. 

Changes in delivery dates are subject to change for all customers. This implies that 

demand variability is inevitable and the fabricator should take it into account in the 

production schedule. The production schedule should take demand variability into 

account to reduce its impact. Two adjustment principles proposed in this study were 

applied to tune the production schedule.  

 Start fabrication later relative to the required delivery dates: The fabricator needs 

only one day to fabricate the precast elements. As a result, the start production 

milestone can be set one day prior to the customer ready day. 

 Shift production milestones back to the end of the production process: Set a 

relatively later fabrication time as a bench-mark, and pull the durations the 

fabricator needs back to the end of the production process. The end of the 

production schedule is the original date adding the estimated lead time. 

In the test job, the originally planned lead time was 125 days, and the actual lead time 

was 182 days. The estimated lead time, 143 days, which considered the impact of 

demand variability, provided a better result for approaching the actual lead time. The 

originally planned schedule, actual dates, and adjusted schedule are displayed in 

Figure 3. Comparing figures 3(a) and (b), the first adjustment principle set the 

fabrication time relatively late to the estimated delivery day, reducing the amount of 

time that the products were kept in storage. 
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(a) Original Schedule

(b) Adjusted Schedule 
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Sep 10 Sep 24

Rd

Nov 05

Rs

Dec 09

S
F

Sep 08

P

Oct 13 Oct 27

Rd

Dec 08
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Dec 27

S
F

Legend: 
P

Proved drawings 

Rd

Make work ready 

Rs

Released works 

S
F

Fabricate Stored products 
 

Figure 3: Production Schedules 

CONCLUSIONS 

This study presents a plan to improve fabricator production control systems. A Lead 

Time Estimation Model (LTEM) was developed to approximate fabrication lead times 

according to historical data from the customer’s previous jobs. Two adjustment 

principles were then used to tune the production schedule to protect fabricators from 

the impact of demand variability. The effectiveness of the proposed plan, model, and 

adjustment principles were validated using a real precast fabricator in the initiative 

improvement iteration. 

In the course of improvement, the enhancement plan can be strengthened if 

fabricators are collaborating in the research. The developed improvement plan 

provides a road map for fabricators to review their production control systems. 

Following the improvement phases helps fabricators develop an awareness of the 

urgent need to enhance their production systems. It then guides them through actively 

participating in improvement activities and eventually supporting the improvement 

solutions. The presented case study showed that the proposed improvement plan 

systematically analyzed the production system and identified problems. The proposed 

LTEM can produce a lead time relatively close to the actual results. Two adjustment 

principles can also assist fabricators in making a proper production schedule, thus 

reducing the impact of demand variability. The proposed improvement plan, LTEM, 

and adjustment principles contain a few simple steps that can easily be applied in 
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industrial contexts. Future study could further integrate the proposed method with the 

enterprise resources planning system to enhance the precast production system.  
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