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Abstract. The purpose of this paper is to present a computerized integrated project management system and report results 

of a survey on the effectiveness of the system. The system consists of a scheduling system, material management system, 

labor/equipment system, and safety/quality control system. The backbone system is a scheduling system that adopts a pro-

duction planning system and a project scheduling system. The lowest level in the scheduling system is a daily work man-

agement system, which is linked to each functional management system (i.e. material management system, la-

bor/equipment system, and safety/quality control system). The paper focuses on the material management and scheduling 

systems to implement a material “pull” system to reduce material inventories on site. Details of material management and 

scheduling systems are discussed, and a sample application is presented to demonstrate the features of the proposed com-

puter application system. The paper presents practitioners and researchers with a practical tool to integrate material man-

agement and scheduling systems for site personnel. 

Keywords: daily work management, material management system, lean construction, integrated system. 

 

Introduction 

The development of computer and information technology 

has helped the construction industry meet increasingly 

complex challenges (Paulson 1995). One of these im-

portant challenges involves production control. Production 

control is usually referred to as a set of activities concerned 

with planning and controlling all aspects of production 

including material management and scheduling. Produc-

tion control consists of aggregate production planning, 

material coordination, work load control, work order re-

lease, and production unit control (Bertrand et al. 1990). 

Production control in this paper is focused on production 

work planning (or work order release) and material order-

ing. Computerized management systems have been devel-

oped to improve production control in the construction 

industry. As a result, computerized management systems 

such as the scheduling or material procurement system 

have been used by contractors, construction managers, and 

site managers among others. Material management is one 

of the key management issues because material costs com-

ponents account for more than 50% in almost every con-

struction company (Asplund, Danielson 1991; Wegelius-

Lehtonen et al. 1998).   

Construction material management requires more 

than a single project control function. A project schedule 

management system needs to be linked to the material 

procurement and inventory control systems. If a project 

pursues a material pull system, in which materials are deli-

vered based on the actual needs onsite, a project schedule 

needs to be established and integrated into the detailed 

production plan (Ballard et al. 2007). To minimize material 

inventories onsite, close coordination between production 

planning and schedule management is required (Tomme-

lein 1998). Therefore, pull-based material management 

requires a comprehensive project management system 

rather than a stand-alone functional system. 

The purpose of this paper is to present a computeri-

zed project management system that links the material 

management system to a detailed production plan (i.e. 

daily work management plan). It also seeks to report the 

results of the survey conducted to measure the effective-

ness of the system. The system adopts lean construction 

principles such as reliable production planning and mate-

rial pull strategy (Ballard, Kim 2007). It also uses mobile 

technology, which allows each stakeholder to share in-

formation in real time. 

The first part of this paper describes the daily work 

management and material procurement systems. The 

backbone system is a schedule management system that 

adopts material production planning as well as project 

scheduling. 

The system architecture is presented, followed by a 

prototype material management system coupled with a 

daily work management system. A pilot project to de-

monstrate the proposed system is then presented. The 

pilot test demonstrates the feasibility of the system onsite. 
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The researchers conducted a survey to validate the 

proposed system’s effectiveness. The survey result shows 

the potential benefits of the proposed system. 

 
1. Related works 

1.1. Material management system 

The literature on construction material management in-

cludes inventory control matters such as just-in-time (JIT) 

delivery, site material management, and material tracking 

technology. Research on the inventory system, especially 

JIT delivery, was conducted as the lean concept was  

applied to construction work (Ballard 2000). The devel-

opment of information technology provided seeds for 

progress in the area of site material management. Tradi-

tionally, the industry prefers a material “push” strategy, 

in which materials are released according to a procure-

ment plan regardless of whether or not the downstream 

process is ready to process them (Lean Construction In-

stitute 2011). It is not difficult to find cases where materi-

als are ordered and stocked onsite for more than three 

weeks (Kim et al. 2007), but the construction industry is 

gradually recognizing the importance of minimizing ma-

terial inventories (Arbulu et al. 2003). As a result, some 

companies tried to implement JIT delivery or reduce their 

material inventories onsite (Ballard et al. 2007). Both JIT 

delivery and reducing material inventories require a 

“pull” system, where a request from the internal customer 

who uses the material signals that the material is needed, 

as opposed to a “push” system, where material production 

orders are released based on a central schedule regardless 

of whether or not the downstream process is ready to 

process them (Lean Construction Institute 2011). A push 

system does not work when the production system turns 

out to be unreliable (i.e. not conforming to the schedule). 

On the other hand, an order signal to a supplier in a pull 

system is based on the system status that determines 

whether a release is allowed or not (Hopp, Spearman 

1996), which justifies the development of a comprehen-

sive project management system. This system features a 

detailed production plan that is linked to the material 

purchasing and inventory control systems.  

Researches on tracking, locating, finding, and dist-

ributing the right material for the right location at the 

right time have been conducted since prefabrication and 

preassembly have prevailed in the industry over the past 

15 years (Haas et al. 2000). The areas in this domain 

include: (1) automatically tracking the locations of the 

construction agents, laborers, and equipment; (2) iden-

tifying and determining the status of the basic activity 

that the agent is engaged in; and (3) deriving project per-

formance indicators. Jang et al. (2008) presented a new 

prototype framework of automated tracking and monito-

ring system for construction materials with the ZigBee™ 

protocol. 

Another research trend related to material manage-

ment system involves Supply Chain Management (SCM). 

SCM had strength in actual distribution and delivery 

operations (Forrester, Senge 2001). Pserng et al. (2006) 

proposed a supply chain model in the construction indust-

ry for minimizing total inventory cost, and creating a 

decision-support system for raw material suppliers, 

owners, and steel factories. Sobotka and Czarnigowska 

(2005) presented a Supply Chain Operations Reference 

model (SCOR model) while Pan et al. (2011) proposed 

SIMPROCESS to explore the behavior of the const-

ruction supply chain process and to develop a performan-

ce evaluation method. 

GPS, RFID, bar code, and PDA have been used in 

the material management system. Kim et al. (2011) adop-

ted RFID, while the ZigBee protocol was tested in an 

indoor environment for monitoring construction material. 

RFID was used in another research (Moon, Yang 2010) 

to improve communications during concrete pouring 

operations. 

The literature review conducted in line with this 

study demonstrated a need for a comprehensive project 

management system that couples the material manage-

ment system with a detailed production plan to imple-

ment a material pull strategy. This paper presents not 

only a prototype project management system for material 

pull management, but also the results of a survey that was 

conducted on the prototype’s effectiveness.  

 

1.2. Production planning 

Matching the load with capacity is critical in ensuring 

productivity of the production systems in construction 

(Ballard 2000; Thomas, Horman 2006). According to 

Ballard (2000), load is the amount of work in a specified 

time assigned through planning to crews, while capacity 

is the amount of work that a crew can do at any point in 

time with the tools, work methods, and conditions availa-

ble onsite. Production control, which is different from 

project control, was introduced into construction with 

LPS (Ballard 1994). The primary rules or principles for 

production control are as follows (Ballard, Kim 2007):  

− Drop activities from the phase schedule into a six-

week (typical) look-ahead window, screen for con-

straints, and advance only if the constraints can be 

removed in time; 

− Try to make only quality assignments that meet 

quality criteria (i.e. soundness, sequence, and size) 

for release to the customer process in order to re-

move the uncertainties of “assignment” (Ballard 

2000). Reject any defective assignments that do not 

meet the criteria; 

− Track the percentage of assignments completed in 

each plan period (percent plan complete, PPC), and 

act on the reasons for plan failure. 

LPS produces quality tasks throughout the make-

ready and shielding processes. Generating quality tasks 

shields production units from workflow uncertainty by 

enabling such units to improve their own productivity, 

and also by improving the productivity of the units 

downstream (Ballard, Howell 1998). In lean community, 

flow variation and how they affect construction project 

performance have been studied by many researchers (Bal-

lard et al. 2007; Ballard 2002; Gonzalez et al. 2008; 

Sacks et al. 2009). Liu et al. (2011) found that work flow 

variation and labor productivity are related in const-
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ruction practice. The LPS proposes that the SHOULD 

needs to be adjusted to the current realities, and that the 

look-ahead and weekly planning must be further adjusted 

to what CAN and WILL be done (Ballard 2000). Kim and 

Ballard (2011) showed that the LPS theoretically 

supports the concept of “pull”. The scheduling system, 

which is described in the next section, adopts the LPS to 

improve planning reliability and to increase the length of 

planning of the look-ahead window in line with the de-

mand for the implementation of a material pull system. In 

a proposed system, a daily work management system is 

used to apply the LPS to generate quality assignments to 

increase planning reliability, which enables users to pull 

materials. 

 

2. System architecture 

General contractors (GCs) are likely to concentrate on the 

master schedule and project costs rather than on detailed 

production planning. However, managing different spe-

cialists requires the coordination of their production plan-

ning, which encompasses operational details related to 

their work schedule. They are very challenging tasks for 

the GC site personnel due to the limited resources availa-

ble (e.g. number of site personnel). 

Figure 1 shows the system architecture made up of 

multiple management modules. The proposed computer 

application system integrates a scheduling system (daily 

work management system) with a material management 

system, a manpower/equipment management system, and 

safety/environment/quality information. Mobile techno-

logy allows information on the scheduling system to be 

communicated along with information on other systems 

on an as-needed basis. If a contractor pursues a minimum 

level of material inventory, a site manager must have a 

reliable detailed schedule so as to reduce the order quanti-

ty. Therefore, a reliable daily work management plan 

should be communicated with the subcontractors and 

suppliers.  

 

2.1. Material management module 

The Just-in-Time inventory system focus is having the 

right material, at the right time, at the right place, and in 

the exact amount (Hopp, Spearman 1996). The site materi-

al manager calculates the right amount of material for the 

tasks. For timely delivery, the daily work management 

system shields the uncertainties of assignments, enabling 

pull-based request for materials according to the updated 

look-ahead schedule. Finally, for the right place, the bar 

code and radio frequency identification (RFID) reader are 

used to manage the shipment of materials. To enable time-

ly delivery of steel rebar, a rebar processing plant was 

established. The details regarding this module are present-

ed in the “Material Procurement System” section. 

The system, in which detailed work planning is cri-

tical, requires collaboration with the subcontractors. All 

subcontractors must use this system to carry out const-

ruction work. Payment is also made via the system. 

The subcontractors in this study, as shown in Figu-

res 4–7, use the same screen for task setting and meeting 

in addition to the managing schedule and construction 

costs, manpower, and materials, via a PDA.  

 
3. Scheduling system: implementation of daily work 

management 

The scheduling system is the backbone subsystem in the 

proposed system. It consists of a master schedule, a four-

week look-ahead schedule, task setting, task mee-

ting/daily work release, daily payment, planning reliabili-

ty, and cause analysis. The system follows the Last 

Planner System (LPS), which uses a shielding process 

(i.e. making quality assignment) to remove the uncertain-

ties of the assignments as described in the production 

control section. The first step in the application is the 

development of a master schedule (see “1. Master Sche-

dule”). For this purpose, the data from past similar const-

ruction projects are used. The site manager can retrieve

 

 

Fig. 1. System architecture 
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the previous master schedules with specific conditions 

including commercial, residential, or road projects. After 

a master schedule is made, the detailed activities (e.g. 

work breakdown structure, WBS) and costs (e.g. cost 

breakdown structure, CBS; unit price; materials) are to be 

prepared. Both WBS and CBS are referred to in the pre-

vious construction data, and they are modified for the 

project (see “2. Four-Week Look-ahead Schedule”). Once 

the detailed activities are fixed, the task schedule from 

the detailed activities shall be created by all the partici-

pants, field engineers, construction managers, site man-

ager and subcontractors (see “3. Task Setting”). Subse-

quently, the daily work shall be checked and approved in 

a task meeting (see “4. Task Meeting”) based on the task 

schedule. The governing rule in checking and approving 

detailed tasks shall be “shielding,” which allows only 

quality tasks to be released to the field (Ballard, Howell 

1998). Simultaneously, the next day’s work shall be re-

viewed: 

1) Master Schedule: One month before the start of 

construction, the execution budget should be fixed, 

and the schedule should be created considering the 

milestones and the budget. The master schedule 

should be  created  using the  WBS  linked  with  the 

 

 

Fig. 2. Daily work management process 

 

cost. When the schedule has been created, the 

planned value (PV) shall be generated. The project 

shall be managed using the earned-value manage-

ment system (EVMS). 

2) Four-Week Look-ahead Schedule: the four-week 

look-ahead schedule shall be updated every Friday. 

The master schedule contains the aggregate activi-

ties (in one- or two-month terms), while the look-

ahead schedule contains the detailed activities (in 

21-day terms) in the master schedule. 

3) Task Setting: when the detailed activities in the 

look-ahead schedule are fixed, the construction ma-

nager, along with the subcontractor foreman, shall 

determine the details of the tasks. This represents 

the lowest level of scheduling. Each detailed activity 

consists of one or more task(s). The sequences, du-

ration, and cost weight should be determined in the 

task setting module, as can be seen in Figure 4. The 

cost weight value is used to allocate the costs of the 

detailed activities for different tasks. The system al-

lows the project participants to share task informa-

tion, identify schedule conflicts, and negotiate such 

conflicts. 

When the work process has been fixed, the task 

schedule shall be created, as shown in Figure 5. The next 

work shall be set after the schedule is checked and co-

rrected. 

4) Task Meeting: scheduled meetings that were held 

offline shall now be held via the system. Using a 

PDA and a PC, the actual work done shall be ente-

red prior to the meeting, and the task meeting shall 

be held in the afternoon. All the participants should 

be in the meeting when the present day’s works are 

to be reviewed and the next day’s works are to be 

set. 

 

Fig. 3. Four-week look-ahead schedule 
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Fig. 4. Task setting 

 

 

 

Fig. 5. Weekly schedule 



S.-C. Kim, Y.-W. Kim.  Computerized integrated project management system for a material pull strategy 

 

854 

 

Fig. 6. Task meeting 

 

 

Fig. 7. Work order screen 

 

During the daily task meeting, when the “Intro-

duction” is selected at the top of the screen in Figure 6, 

the safety, quality, and environmental issues, plus the 

notices for the next day’s work, shall be retrieved from 

the screen, as shown in Figure 7. The subcontractor then 

becomes responsible for the work in question. For ease of 

use, a PDA can check the work orders and results. In 

addition, photos can be taken and sent while notices are 

continually sent for uncompleted works. 

5) Planning Reliability and Cause Analysis: to accura-

tely analyze the daily work, daily planning reliabili-

ty is analyzed. This involves data analysis which 

compares the planned works of the previous day and 

the actual executed works for the present day. The 

actual-works-to-planned-works ratio is then shown 

as a percentage. The system uses PPC to measure 

the reliability of the planning system, which is cal-

culated as the number of completed tasks over the 

number of assigned tasks (Ballard 1994): 
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PPC = (No. of completed tasks / no. of assigned tasks) × 

100 (%). 

The index helps monitor how well the subcontractors 

keep their promises, and ensures responsibility and accoun-

tability (Ballard 2000). It is also used to evaluate the 

subcontractors, and the PPC data are referenced in the 

selection of subcontractors for future projects. The 

prerequisite condition in terms of the planning reliability is 

that a supplier’s lead time should be less than the reliable 

look-ahead schedule length to use a pull strategy (Fig. 8).  

It is hard to define the minimum PPC to qualify for 

pull strategy. It is more of an experimental issue rather than 

a mathematical issue. Since material lead time was around 

7–10 days in our case study, we focused on 2-week PPC. 

When we investigated the pull strategy for the company,  

2-week PPC was only 45–60%. With the Last Planner 

System implemented (Ballard 2000), their 2-week PPC 

increased to 85–90%. There was no problem in material 

shortage when we implemented the pull strategy. 

 

Fig. 8. Push vs pull 

 

4. Material management system: corresponding  

to the daily work management system 

Figure 10 shows the workflow in a material management 

system coupled with a daily work management system. 

The figure shows the correlation between the two sys-

tems. To reduce the material inventory onsite, engi-

neered-to-order (ETO) materials are pulled from a pro-

duction planning system onsite. The related works are 

abstracted from the four-week look-ahead schedule, 

which reflects the detailed activities. The delivered mate-

rials are used in the construction work according to the 

task schedule, and daily payment is made through the 

task meeting: 

1) Interface between the Materials and the Schedule: 

the four-week look-ahead schedule becomes the ba-

sis of the procedure for requesting materials. The 

detailed activities in the four-week look-ahead sche-

dule contain information on which materials are ne-

eded and how much is needed. When CBS and 

WBS are generated, each activity in the master 

schedule contains quantity take-up information, 

which is pulled from the bidding process (1, 2, 4, 

and 7 in Fig. 10). 

2) Automatic Alerts: two weeks before the start of each 

detailed activity, the system alerts the field engineer 

regarding the material request for the detailed activi-

ty. Currently, the system is applied only to ETO ma-

terials with a lead time of less than 10 days (e.g. 

reinforced bar, curtain wall). The field engineers of 

a general contractor then check the quantity of mate-

rials requested and their delivery period. The task is 

then transferred to a material manager of a general 

contractor onsite, who approves it after checking the 

budget and size of the inventory (7, 8, 9, and 10 in 

Fig. 10). 

3) Supply of Materials: when a material manager ap-

proves the material request, the information is sent 

to the related suppliers. All the suppliers who share 

the material procurement system with the GC are 

simultaneously notified. The suppliers deliver the 

requested  materials  and the delivery slip to the site,

 

 

Fig. 9. Planning reliability analysis 
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Fig. 10. System workflow 

 

 

Fig. 11. Detailed activity schedule 

 

while the material manager checks the quantity and 

type of the delivered materials using a PDA barcode 

reader.  The information on materials can be retrie-

ved by suppliers in the material procurement 

system. The enclosed delivery slip is sent to the 

procurement team at the headquarters (11, 12, 13, 

14, and 15 in Fig. 10). 

4) Construction: the delivered material is used in the 

construction phase or is stocked in a warehouse or 

yard. In the task meeting, the GCs and subcont-

ractors decide which task will be accomplished the 

next day. The receipt slip is then sent to the procu-

rement team at the headquarters (16, 17, 18, 19, 20, 

21, and 22 in Fig. 10). 

5. Example: implementing a material pull from  

the production schedule using the proposed system 

This paper demonstrates the scheduling and material 

procurement system using an example. One of the de-

tailed activities (called “Act. 1”) is retrieved from the 

system on November 21 2007, RC G/COL & Wall 8: 

1) Material Request: If retrieved between November 5 

and 21 related to Act. 1, the material list related to 

Act. 1 is shown below. As shown in Figure 12,  

Act. 1 requires three items: 285 m3 (340.9 yd3)  

ready-mix concrete (25-120-12), 10 mm 36,480 kg  

deformed bar, and 16 mm 9,120 kg deformed bar. 
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Fig. 12. Material list related to Act. 1 

 

 

 

Fig. 13. Approval by the material manager 
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A field engineer requests for materials after confir-

ming that these will be used up based on the updated 

schedule. The material manager who receives the mate-

rial request approves it, and the system automatically 

sends an order request to the supplier. As shown in Figu-

re 13, the field engineer requests only for 250 m3 

(299.0 yd3) ready-mix concrete (25-120-12) on Novem-

ber 12. 

2) Delivery to the Site: when the materials are delive-

red to the site, a site personnel checks the quantity 

and type of materials using a PDA barcode reader 

(Fig. 14). Then a material manager sends them to 

the construction site or yard. As shown in Figure 15, 

the requested 250 m2 (299.0 yd2) ready-mix cement 

was delivered to the site on November 20. 

 

 

Fig. 14. Checking the materials using the PDA 

 

3) Closing: assume that the task belonging to Act. 1 

was completed. This means that the material was 

used in the construction work. Then in the task mee-

ting, the GC and subcontractors confirm the task 

completion, and the daily payment is automatically 

approved. No monthly progress payment request 

from the subcontractor shall be required. Through 

this process, there is no need for several human re-

sources in the process of progress payment. This is 

one example of wastage elimination by using the 

proposed system. 
 

6. Discussion 

It was difficult to validate the effectiveness of the daily 

material management system on a full scale. Instead, these 

authors conducted a survey to assess the effectiveness of 

the system, followed by interviews with the system users 

regarding the benefits and challenges of the system. 
 

6.1. Survey method 

These authors developed a questionnaire to identify the 

benefits of the proposed system. Copies of the question-

naire were distributed to the users (field engineers, mate-

rial managers, and site managers in general contractor) of 

the proposed system. In constructing the questionnaire, 

the Likert scaling system was used. This five-point rating 

scale measured the attitude of the respondent on a contin-

uum from highly favorable to highly unfavorable, or vice 

versa, with an equal number of positive and negative 

response possibilities and one middle or neutral response. 

 

Fig. 15. Delivered-materials list from the PDA 
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Fig. 16. Confirmation of approved tasks 

 

The survey was conducted twice, first in April 2010 

and second in October 2010. Field engineers and site 

managers of a general contractor who have experienced 

using the proposed system over 6 months (in April) and 

over 1 year (in October) were asked to answer the ques-

tionnaire and to provide comments. They have been in-

volved in over 200 different construction projects (46 

commercial, 83 residential, 42 civil, 21 environmental, 

and 14 plant projects). The demography of the respon-

dents in each survey is presented in Table 1.  

 
Table 1. Overview of the survey respondents 

Division 

The first half of the 

year’s survey 

The second half 

year’s survey 

R
es

p
o

n
d

en
t 

R
es

p
o

n
d

en
t 

ra
te

 (
%

) 

R
es

p
o

n
d

en
t 

R
es

p
o

n
d

en
t 

 

ra
te

 (
%

) 

Architecture 270 77.14 262 62.38 

Residential 349 66.73 349 63.45 

Civil 228 68.67 258 78.42 

Environmental 154 71.3 205 91.52 

Plant 237 72.7 319 94.94 

Overall 1238 70.86 1393 78.14 

 

The questions related to the system are as follows: 

Example question 1: How well does the system support 

each function (material request, delivery request, check-

ing inventory)? 

Example question 2: How much was the workload in-

creased/decreased compared to the past? 

Example question 3: Do you agree that the proposed sys-

tem will improve work efficiency if it is applied to all 

construction projects and their stakeholders? 

Table 2 shows the survey results using the seven-

point Likert scale, in which a score of 1 corresponds to 

“very easy to use” and a score of 5 represents “very diffi-

cult to use”. 

The survey results showed that the system was e-

ffective in material purchasing, delivery request, and 

checking inventory. The average score for the usability of 

the proposed system was 3.27–3.39 (SD = about 0.7) in 

all the divisions, and the average score rose between the 

first and second half of the year. As for the practicality of 

the proposed system, the respondents replied positively 

(7–80% positive responses). 

With regard to the workload when using the propo-

sed system, the average score went down in all the divi-

sions, and the users easily adopted the system. 

In the last item, the responses showed that efficien-

cy decreased compared to the first half of the year. This 

can be attributed to the fact that users had then learned 

how to use the proposed system so their expectations 

decreased. Further, the users had discovered the proposed 

system’s limitation (i.e. the users must use the system 

themselves so the average score went down). 
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Table 2. Usability of the proposed system 

   Usability 

Material request Delivery request Checking inventory 

The first half 
The second 

half 
The first half 

The second 

half 
The first half 

The second 

half 

Architecture 

Very easy (1) 10 12 16 13 9 6 

Easy (2) 95 95 93 108 91 89 

Medium (3) 129 111 135 103 134 126 

Hard (4) 32 26 22 20 33 21 

Very hard (5) 4 6 4 6 3 8 

Subtotal 270 250 270 250 270 250 

Average 3.28 3.32 3.35 3.41 3.26 3.26 

Standard deviation 0.77 0.82 0.77 0.81 0.75 0.77 

Residential 

Very easy 30 35 38 42 18 28 

Easy 117 147 133 144 121 152 

Medium 147 147 132 152 155 148 

Hard 33 27 24 18 31 27 

Very hard 0 1 0 1 0 2 

Subtotal 327 357 327 357 325 357 

Average 3.44 3.53 3.57 3.58 3.39 3.50 

Standard deviation 0.79 0.78 0.79 0.77 0.73 0.77 

Civil 

Very easy 11 13 13 13 10 11 

Easy 53 64 65 75 61 70 

Medium 126 138 119 132 123 139 

Hard 34 36 27 31 32 32 

Very hard 3 2 3 2 1 1 

Subtotal 227 253 227 253 227 253 

Average 3.15 3.20 3.26 3.26 3.21 3.23 

Standard deviation 0.78 0.77 0.79 0.77 0.75 0.74 

Plant 

Very easy 7 5 4 9 8 10 

Easy 42 62 50 67 52 64 

Medium 153 217 149 215 143 215 

Hard 30 30 28 23 30 24 

Very hard 2 6 3 6 1 7 

Subtotal 234 320 234 320 234 320 

Average 3.09 3.09 3.10 3.16 3.15 3.14 

Standard deviation 0.67 0.65 0.67 0.67 0.69 0.68 

Environment 

Very easy 6 22 9 21 7 17 

Easy 58 74 57 82 55 68 

Medium 72 96 76 95 81 114 

Hard 18 17 12 12 10 10 

Very hard 0 2 0 1 1 2 

Subtotal 154 211 154 211 154 211 

Average 3.34 3.46 3.41 3.52 3.37 3.42 

Standard deviation 0.73 0.82 0.72 0.77 0.70 0.75 

Overall 

Very easy 65 87 80 98 52 72 

Easy 374 442 410 476 388 443 

Medium 638 709 620 697 648 742 

Hard 149 136 115 104 139 114 

Very hard 12 17 13 16 11 20 

Subtotal 1238 1391 1238 1391 1238 1391 

Average 3.27 3.32 3.35 3.39 3.27 3.31 

Standard deviation 0.77 0.78 0.78 0.77 0.75 0.75 
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Table 3. Workload of the proposed system 

 
 

Work load 

    
The first 

half 

The second 

half 

Archi-

tecture 

Increased a lot 17 4 

Increased 120 82 

Medium 116 115 

Decreased 16 20 

Decreased a lot 1 1 

Subtotal  270 222 

Average 3.50 3.31 

Standard deviation 0.72 0.68 

Residen-

tial 

Increased a lot 33 9 

Increased 144 106 

Medium 140 168 

Decreased 13 45 

Decreased a lot 0 1 

Subtotal 330 329 

Average 3.60 3.23 

Standard deviation 0.72 0.73 

Civil 

Increased a lot 7 6 

Increased 80 39 

Medium 131 132 

Decreased 8 18 

Decreased a lot 1 1 

Subtotal 227 196 

Average 3.37 3.16 

Standard deviation 0.63 0.64 

Plant 

Increased a lot 7 4 

Increased 65 42 

Medium 153 134 

Decreased 9 8 

Decreased a lot 0 
 

Subtotal 234 188 

Average 3.30 3.22 

Standard deviation 0.59 0.69 

Envi-

ronment 

Increased a lot 5 4 

Increased 60 51 

Medium 77 96 

Decreased 12 20 

Decreased a lot 0 1 

Subtotal 154 172 

Average 3.38 3.22 

Standard deviation 0.67 0.69 

Overall 

Increased a lot 69 27 

Increased 478 320 

Medium 630 645 

Decreased 59 111 

Decreased a lot 2 4 

Subtotal 1238 1107 

Average 3.45 3.23 

Standard deviation 0.68 0.67 

 

Table 4. Efficiency of the proposed system 

 
 

Efficiency 

    
The first 

half 

The second 

half 

Architecture 

Very useful 21 8 

Useful 145 106 

Medium 92 93 

Less useful 7 6 

Not useful at all 5 7 

Subtotal 270 220 

Average 3.63 3.46 

Standard deviation 0.74 0.75 

Residential 

Very useful 33 11 

Useful 177 171 

Medium 109 123 

Less useful 9 28 

Not useful at all 0 2 

Subtotal 328 335 

Average 3.71 3.48 

Standard deviation 0.68 0.72 

Civil 

Very useful 25 2 

Useful 104 89 

Medium 82 88 

Less useful 11 13 

Not useful at all 5 8 

Subtotal 227 200 

Average 3.59 3.32. 

Standard deviation 0.83 0.78 

Plant 

Very useful 14 5 

Useful 97 71 

Medium 115 102 

Less useful 7 7 

Not useful at all 1 
 

Subtotal 234 185 

Average 3.50 3.40 

Standard deviation 0.67 0.61 

Envi-

ronment 

Very useful 9 14 

Useful 89 88 

Medium 53 72 

Less useful 3 4 

Not useful at all 0 1 

Subtotal 154 179 

Average 3.68 3.61 

Standard deviation 0.61 0.69 

Overall 

Very useful 103 40 

Useful 623 525 

Medium 461 478 

Less useful 37 58 

Not useful at all 14 18 

Subtotal 1238 1119 

Average 3.62 3.46 

Standard deviation 0.73 0.72 
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These authors received feedback from the managers, 

engineers and suppliers who used the proposed system. 

The benefits and challenges involved in using the system, 

based on the feedback results, are summarized as follows: 

Benefits: 

(1) The current weekly planning reliability, which is 

measured by PPC, rose to 90% from the current 

60%. This means that there was accurate schedule 

planning, which in turn led to increased productivity 

as a result of the accurate deployment of materials, 

manpower, and equipment; 

(2) The reduced demand variability resulting from the 

increased planning reliability helped in the 

successful implementation of a material pull system; 

(3) A material procurement system, which eliminates 

the manual material procurement procedures, was 

shared with the suppliers. It helped reduce the 

supplier’s lead time, which also helped in the 

successful implementation of a material pull system; 

(4) A material pull system enabled the GC to reduce the 

material inventories onsite. For example, the rebar 

inventories onsite decreased by up to 70%; 

(5) If the task’s completion status is fixed during a daily 

task meeting, the payment is automatically calcula-

ted according to the actual work done. The const-

ruction progress status, revenue, and profit/loss in-

formation can be viewed in real time. This ensures 

transparency in cost management. 

Challenges: 

(1) Some employees feel that they are overloaded with 

work with the proposed system; 

(2) Some subcontractors do not have the capability to 

use the proposed system, which means that not ma-

ny people are accustomed to the computer and to the 

proposed system’s software; 

(3) Some projects with second- or third-tier subcont-

racts showed difficulty in implementing the propo-

sed system. As the GC did not have direct control 

over the second-tier subcontractors, they had diffi-

culties communicating the production plans. This 

matter is critical in lean production control. 
 

Table 5. Advantages and disadvantages of using the proposed 

system 

No. Advantage Disadvantage 

1 

Enhancing accurate 

schedule planning 

ability and productivity 

Overloaded work 

2 
Reduced demand vari-

ability resulting 

Difficult use, because of 

lack of capability in com-

puter system 

3 
Reducing the suppli-

er’s lead time 

Some projects with second 

or third-tiered subcontracts 

showed the difficulties in 

implementation 

4 
Reducing material 

inventories on sites 

Too many information, it is 

hard to find the exact one 

5 
Ensuring transparency 

in cost management 
– 

The experiences in applying the proposed system re-

vealed that collaboration with the suppliers and subcont-

ractors is critical. Collaboration requires not only the right 

attitude but also capability. The GCs spent their resources 

to educate the suppliers and subcontractors in order to 

build their capability to efficiently implement the proposed 

system. In the course of doing so, the GCs formed a 

partnership with the preferred suppliers and subcontractors. 

 
Conclusions 

Materials and purchased components account for 60–70% 

of the building costs, while material costs account for 

over 50%. Therefore, the right material production plan-

ning and a low-level material inventory are essential, and 

both of these are linked to schedule management. This 

paper introduced a computerized integrated project man-

agement system and illustrated how a material pull sys-

tem can be implemented using the material procurement 

system, which was integrated into the daily work system. 

The proposed system aims to improve the workflow reli-

ability as measured via PPC, and to reduce the material 

inventories onsite using a material pull system. 

A pilot project was implemented to test the propo-

sed system. The pilot test demonstrated how the proposed 

system will operate in the field. To validate the proposed 

system’s usability, a survey was conducted among the 

system users including field engineers and site managers. 

The usability of the proposed system was proven to 

be high, and it was found to be capable of decreasing the 

workload. However, the users’ expectations slightly 

decreased while using the system. 

Through interviews with the system users, it was 

found that the proposed system enhanced their accurate-

schedule-planning ability and productivity. It also redu-

ced the resulting demand variability, the supplier’s lead 

time, and the material inventories. Work overload, howe-

ver, and lack of capability in the use of computers surfa-

ced as problems. The proposed system facilitates a mate-

rial pull system but also requires collaboration with the 

suppliers and subcontractors. 

We expect that the quality of material procurement 

process will be improved by more reliable planning of 

daily work through the suggested system in collaboration 

with subcontractors and suppliers. In the long run, the 

suggested process and system can contribute to impro-

ving production control in the material ordering system 

interfaced with the production planning system. 
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