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Abstract. The subcontracting procurement process is one of the most important issues impacting the costs of engineering
projects and construction projects, in particular. Traditional procedures of subcontracting procurement tend to limit the
opportunities for price negotiation and cooperative relationships between contractors and neglect potential issues such as
engineering interface, construction risk, and waste. Based on case studies of construction projects, we propose a “lean”
subcontracting procurement process (LSPP) drawing from lean construction theory. The process consists of a novel Sev-
en-Arrangement operation plan and four types of standard operating flows. Not only does the proposed LSPP help sub-
contractors eliminate various types of waste in construction projects, it also establishes a common information platform
and cooperative environment that help participating contractors understand the work emphasis of each operation and the
whole operation in sequence. As a result, the relationships between participating contractors become cooperative, potential
risks in construction projects can be discovered early, and profits are shared between contractors. Thus, this process al-
lows contractors to obtain long-term benefits.
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due to inefficiencies, mistakes, delays, and poor commu-
nication (Forbes, Ahmed 2004). Furthermore, 10% to
The subcontracting procurement process is one of the  20% of the total project cost is spent on rework (Cnudde
most important issues impacting the costs of construction 1991; Burati Jr et al. 1992). These types of waste add to
projects and the whole construction industry for several  the project cost. Fourth, the level of risk involved in con-
reasons. First, although the costs of procurement often  struction projects is very high (Abdelgawad, Fayek
relate to waste levels, construction methods, on-site envi-  2010), causing frequent underestimation of cost and time
ronment, working path, economies of scale, and market  (Zavadskas et al. 2009). Thus, incomplete planning and
rates, these important factors are frequently overlooked  insufficient consolidation of information not only lead to

Introduction

when determining procurement costs. Second, the sub-  underestimated procurement times but also create mas-
contracting procurement process tends to be overly con-  sive problems for the project participants downstream in
strained by market rates, which cause a high level of cost  the value chain by requiring more time, resources, mate-
growth and by engineering practices, which contain nu-  rial, manpower, and money. All of this occurs in the ab-
merous details, procedures, interfaces, and risks that pre-  sence of improved product quality or increased productiv-
vent lower costs and performance improvement. Third,  ity. Fifth, most of the construction work in the project is

the level of waste in construction projects tends to be  performed by subcontractors. Subcontractors may ac-
very high. For example, 46% of unproductive working  count for as much as 80-90% of the total value of the
time is due to late arrival or early departure (3%), waiting  construction project (Hinze, Tracey 1994). As experts in
and idling (32%), waiting for tools or material (5%), and  the execution of a specific procedure, subcontractors
waiting for instruction (6%) (American Association of  supply personnel, materials, equipment, tools, and de-
Cost Engineers 1992). Up to 30% of construction costs is  signs (Shimizu, Cardoso 2002).
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Despite the many studies on the procurement of su-
bcontractors, the focus of these studies has been limited
to the selection of a subcontractor (Kumaraswamy,
Matthews 2000; Arditi, Chotibhongs 2005), subcontrac-
tor selection criteria (Greenwood 2001; Hartmann ef al.
2009; Hartmann, Caerteling 2010; Radziszewska-Zielia
2010, etc.), and subcontractor rating techniques (Albino,
Garavelli 1998; Eom ef al. 2008). Moreover, these studies
do not address how a subcontractor might eliminate
waste, predict risk, and achieve cooperative relationships
with other contractors during the procurement and const-
ruction processes.

The traditional process of procuring subcontractors
tends to be based on price negotiation and price competi-
tion, with the goals of lowering the costs associated with
labor, machine, and material; maintaining quality; and
meeting the requirements of both the main contractor and
the business owner. However, the traditional process
limits the opportunities for price negotiation, for the ma-
jority of contractors negotiate prices only after being
awarded contracts (Shash 1998). Additionally, because
subcontractors prepare and submit quotations to all invi-
ting contractors just a few hours before the main bid ope-
ning time, potential issues related to the engineering in-
terface and construction risk are often neglected during
price negotiation (Shash 1998). In addition, the traditional
process of subcontracting procurement is often characte-
rized by a typical lack of trust and cooperative relation-
ship between contractors, despite the fact that trust and
cooperation are key to project success (Eriksson, Laan
2007; Hartmann, Caerteling 2010) and competition is
associated with conflicts, adversarial relationships, unde-
sirable project results, and other negative outcomes
(Pesé@maa et al. 2009; Eriksson, Laan 2007). In contrast,
cooperative procurement leads to the development of
trust and cooperative relationships and positively influen-
ces project performance in terms of cost, time, quality,
environmental impact, work environment, and innovation
(Eriksson, Westerberg 2011).

As mentioned above, the waste level in construction
projects tends to be very high. Therefore, reducing or
eliminating waste has become a topic of considerable
discussion in the construction field in recent years, with
lean construction becoming a widely adopted theory. The
theory helps contractors to reduce engineering waste and
also to maximize production values. On the theoretical
basis of lean construction theory, contractors can reduce
construction time, lower costs, and achieve improved
quality (Yu et al. 2009).

The idea of lean construction is derived from the re-
lated concept of lean production in industrial engineering.
Whereas the concept of lean production was originally
developed for the Toyota Motor production system du-
ring the 1950s, today, the lean theory is being implemen-
ted all over the world in such locations as Japan, the Uni-
ted States, and Europe (Abdullah 2003). Ohno (1987)
suggested seven major factors that lead to waste in a pro-
duction system, namely, over-production, waiting, trans-
portation, processing, inventory, action, and defects. By
eliminating these seven types of waste, lower costs can be

achieved. Lean construction applies the concept of lean
production from the manufacturing industry to the const-
ruction industry for the improvement of production. The
goal of lean construction is to maximize value, reduce
waste, and encourage resource sharing between all related
parties.

In this research, we focus on case studies of const-
ruction projects and propose a lean subcontracting procu-
rement process (LSPP) based on lean construction theory.
The process consists of a novel Seven-Arrangement ope-
ration plan and four types of standard operating flows.
The Seven-Arrangement operation plan is designed to
help subcontractors eliminate various types of waste in
construction projects. In addition, the four types of stan-
dard operating flows consist of steps that establish a
common information platform for contractors and help
each participating contractor understand the work empha-
sis of single operations and the whole operation in
sequence. The effectiveness of the proposed process was
verified in actual projects. The results include the deve-
lopment of cooperative relationships between contractors,
early discovery of potential risk in construction, and the
sharing of profits between contractors. With the full imp-
lementation of the lean subcontracting procurement pro-
cess, the goals of eliminating waste, decreasing risk, es-
tablishing cooperative relationships, maximizing value,
and other long-term benefits can be achieved.

1. Seven types of waste and the principle of waste
elimination

1.1. Seven types of waste

In this section, we explain the types of waste that often
appear in construction projects. Abdullah (2003) defined
waste as “all kinds of activities in the production process
that do not add value to the product”. Waste in a con-
struction project can be classified into seven types: waste
from defects, waste from delays, waste from over-
production, waste from unnecessary processing, waste
from maintaining excess inventory, waste from unneces-
sary transport, and waste from unnecessary movement of
people and equipment (Pinch 2005). Table 1 presents the
definitions, outcomes, and examples associated with each
of the seven types of waste.

1.2. Principle of elimination of waste

The goal of this research is to propose arrangements that
eliminate waste based on lean construction principle. Its
primary principles include reducing change orders, creat-
ing an uninterrupted operating flow with the correct and
opportune information, and establishing performance
goals based on the results of the initial plan. At the same
time, a corresponding strategy is generated from the prin-
ciples to create a stable, uniform, and interdependent
capacity to link flows and develop a set of standard oper-
ating procedures to further refine/improve the method of
execution. A set of supervisory procedures can be de-
signed to generate a cyclical mechanism to improve result
at any time. This mechanism is explained in Figure 1.
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Table 1. Seven types of wastes in construction projects
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Waste

Definition

Result

Example

1. Waste from de-
fects

2. Waste from de-
lays

3. Waste from over-
production

4. Waste from un-
necessary pro-
cessing

5. Waste from

maintaining excess
inventory

6. Waste from un-
necessary transport

7. Waste from un-
necessary move-

Incorporating products and mate-
rials of non-standard sizes or bad
quality into the production line,
increasing the amount of unnec-
essary handling or processing that
could affect the quality of the
product

Idling operation or in-between
events

Producing products earlier than
specified by customers or in
greater amounts than required

Improper steps or stages in the
workflow

Improper storage of raw material,
WIP (Work-In- Process), or fin-
ished product and improper se-
quence of use

Improper transportation of parts
or finished goods in the process
flow

Unable to make proper use of
personnel or machine to add value
to work

Unnecessary increase in sec-
ondary expenses of on-site
material, manpower, equipment,
and other resources

Increase in cost of manpower,
imbalance in production

Creating other types of wastes
such as excessive manpower,
transportation, storage space

Error in idling, reworking, and
safety procedures

Increased in cost and consump-
tion of capital, leading to longer
lead time and hiding other prob-
lems such as uneven produc-
tion, supplier delay, or defective
product

Increase in manpower or cost.
Increased risk of product de-
fects

Increase in manpower require-
ment, time delay in operating
flow

Shipping steel bars of different
sizes to the site and allowing
arbitrary cutting on the site. Pro-
curement of electrical or mechan-
ical wiring or piping of non-
standard lengths

Lifting operation waiting for
truck transporting beams. Pour-
ing operation waiting for the
completion of reinforcement cage

One-shot production of certain
kinds of wall panel, production of
large amount of fluorescent pow-
der material

Arranging and repairing cement
grouting is in conflict with elec-
trical and mechanical work

One-shot ordering of all kinds of
tiles needed in the project and not
storing tiles in an orderly se-
quence

Transport of parts produced to
temporary yard. Transport exces-
sive #10 steel bars from site A to
site B for storage

Selecting a plate of 60 cm width
from a pile of plates. Walking 30
m and back to fetch a hammer to

ment of people and

equipment nail the plate
2. The traditional subcontracting procurement
Concept 4
Eliminate waste - process
] In a construction project, the procurement operational
S flow emphasizes lowering costs to enable the hiring of
Porbmencedods et Reduce changes, create excellent subcontractors. However, the collective experi-
educe leac-ime uninterrupted flow
ences from many procurement cases suggest that the
Y initial subcontracting outcome does not guarantee that the
 Suategy final result will meet expectations, particularly given that
Creating stable, uniform, and .
Interdependent abilty i linking most procurement personnel are not held responsible for
fl . ..
iv Result the final result of each project. In addition, the success of
Reduce waste each project is closely related to the procurement process
Lean tools Method
Increased ization L Standardized operation and A (Cheung et al 2001) Therefore, the procurement man-
Five §'s.soon e agement needs to go beyond the traditional price compe-

Reason
Enable problems to emerge quickly,
differentiate normal and anomaly, and
showing the urgency and importance of
problems

Influence
Able to fix problems quickly,
return to best method

Control method
Using visual method, reveal -
problems

Fig. 1. Operating flow of recycling diagram for reducing waste

tition (that is constrained by the aforementioned limita-
tions) and define a standard operational flow that will
improve performance and increase profit sharing through
the effective communication and interface between indi-
vidual but related components. To clearly define and
measure a set of operational structures that meets the
requirement of the construction site, properly controls
subcontractors, and abides by company policy, the per-
formance of the subcontracting department needs to be
overseen by the project procurement personnel to facili-
tate communication between main contractors and sub-
contractors.



392

S. Y.-L. Yin et al. An improved approach to the subcontracting procurement process in a lean construction setting

Work of divisions and flowchart of the traditional subcontracting procurement process

Construction Planning Department

Subcontracting Center

Site Project Management

Propose
subcontracting

plan based on
the required
progress table
Selection of work Review of project
method / work item subcontracting plan
Propose multiple Build up estimated
projects for discussion procurement unit price
Confirmation of work )
Selection of contractors
method
Il L L

Major work item
and arrangement
of work sequence

Division of operation
and arrangement
of main moving path

Detailed operational
progress table

{

Review work risk
with suppliers

Review the bestcondition of
operational sequence of each
work item, operation area,
and layout of overlapping
operation based on division of

work area

Put to practice
based on the
result of subcontracting

Adjust work type
and work sequence
based on the planned
operation and site
condition.

Fig. 2. Work of division and flowchart of the traditional subcontracting procurement process

One of the shortcomings of the traditional procure-
ment process is lack of planning in terms of the procure-
ment process and the operational sequence. Subcontrac-
tors may not know the operational sequence of the whole
project and, as a result, experience difficulty in terms of
integrating with other construction operations. Even the
subcontractors are unaware of the real risks involved and
the ways in which the operational requirement could
satisfy the construction site. Therefore, this research will
investigate the traditional procurement flow and address
the problems that emerge from the investigation.

As shown in Figure 2, the traditional subcontracting
procurement process is typically implemented by three
related parties: the Construction Planning Department,
the Subcontracting Center, and the Site Project Manage-
ment. The process includes the integration of steps such
as designing, planning, subcontracting, executing, budge-
ting, and the closing of the account based on the timeline
set by the unit of execution, and also prepares the conso-
lidation table for the execution of the whole construction
project. The figure below explains the operational flow of
each related party.
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(1) Construction Planning Department

Immediately after the Site Project Management pro-
poses a subcontracting plan, the Construction Planning
Department starts operation. First, the Construction Plan-
ning Department reviews the content of the plan and as-
sociated guidelines given the content of the subcontrac-
ting plan. Then, multiple projects are proposed, reviewed,
and subjected to, value and engineering analyses for an
overall comparison of quality, cost, and duration. Finally,
the report is discussed at a construction planning meeting
and the chosen method is transferred to the construction
site for execution.

(2) Site Project Management

Based on the required timeline, the Site Project Ma-
nagement proposes a subcontracting plan by reviewing
the operating sequence, operating zone, and overlapping
operation layout of each work item taking into account
the division of construction area before actual execution.
Consequently, the type and sequence of construction are
adjusted in accordance with the plan and construction
situation.

(3) Subcontracting Center

In a traditional operation, the major procurement
operation is considered complete after price negotiation
between the Subcontracting Center and Subcontractors. A
competition for profits between the main contractor and
the subcontractor is very clear. The procurement is often
based on the extent to which a subcontractor agrees to
lower his expected profit such as price. A lower price
may reduce the quality of the construction project, pro-
long the construction duration, lead to cost overrun, inc-
rease the number of claims and litigation from the su-
bcontractor, and so on (Hatush, Skitmore 1998).

After the Construction Planning Department
reviews and selects the construction method, completes
the arrangement of important work items and finalizes the
construction sequence, the plan is immediately forwarded
to the Site Project Management and the Subcontracting
Center. The Subcontracting Center will select specialized
contractors by following the fixed internal procurement
operational flow based on price negotiation. This discon-
nected operational flow results from the fact that the
Construction Planning Department, the Subcontracting
Center, and the Site Project Management do not share a
common information platform. Additionally, in the tradi-
tional procurement operational flow, the subcontractors
are situated under the Subcontracting Center, with their
responsibility being to provide a price quote to the Su-
beontracting Center. Therefore, based on the problems
revealed in the traditional flowchart, we propose an ap-
proach including novel arrangements that can carry out
the functions contained in the construction flowchart at a
higher performance level by the implementation of lean
technology and management through effective communi-
cation and consolidation.

In conclusion, an analysis of the traditional subcont-
racting procurement process reveals several limitations.
Firstly, the process lacks a detailed operation plan for
eliminating waste. Secondly, the process lacks a common

information platform between contractors. Thirdly, the
process leads to competitive relationships between cont-
ractors.

3. Basic concepts of a lean subcontracting
procurement process

A crucial goal common to all construction projects is to
lower the cost of the project. Site management and per-
formance of the subcontractor represent two key factors
that influence cost, with subcontractor cost being more
important and contributing directly to the cost perfor-
mance of the site. From a procurement standpoint, it is
advisable to adopt a purchasing strategy that enhances
customer satisfaction by emphasizing profit sharing. This
type of strategy strengthens the interface of project exe-
cution, eliminates risk, reduces waste, and promotes in-
formation exchange. While exerting control over con-
struction specifications, work regulations, R&D, budget
estimation, and subcontracting through large-scale indus-
trialization, a construction company can achieve lean
technology and management through effective communi-
cation and integration aimed at improving performance.

The basic principle of “lean” involves “identifying
and eliminating waste in all activities” and consists of a
set of tools and skills. The meaning of “lean” comes from
the need to lower costs and improve performance, and
should represent a shared mode of thinking and manage-
ment approach across every operating flow. Due to the
importance of addressing the root problem by understan-
ding the true cause of barriers, we propose the concept of
novel arrangements that can be practically applied to
solve problems in the subcontracting procurement pro-
cess.

In a narrow sense, the arrangements represent the
standardization of an operation. Overall performance
improvement and lower operating costs are achieved by
converting all operations into production lines to reduce
waste, provide moving paths, improve work efficiency,
and reduce cost via concepts of industrial engineering.
The purpose of standardization is to analyze and unders-
tand the incurrence of waste in the operating flow. Re-
cording the operating procedure provides a visual repre-
sentation of waste situation that may reveal the
opportunities for improvement. From the procurement
perspective, the main objectives of the novel arrange-
ments and the four standard operating flows are to provi-
de a process for supply collaboration through an effective
engineering plan, information communication, consolida-
tion, and a cooperative environment. In the following
discussion, we use the definition of “waste” and related
concepts to develop our approach to resolving the issue of
“waste”.

4. A seven-arrangement operation plan

In this section, we define the factors corresponding to the
seven types of waste typically observed in construction
projects (please refer to the section “Seven Types of
Waste” for a description of each type of waste). The fac-
tors are called the Seven Arrangements and include quali-
ty arrangement, quantity arrangement, time arrangement,
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inventory place arrangement, the arrangement of task
number and order, path arrangement, and location ar-
rangement. The Seven Arrangements with their corre-
sponding definitions and handling principles are summa-
rized in Table 2.

Quality arrangement (size and specification): the
specifications and sizes of all material and other resour-
ces delivered to the plant must match the design diagram
to reduce the resources and manpower needed for secon-
dary processing or reworking.

Quantity arrangement, time arrangement, and inven-
tory place arrangement: material and other resources must
match the specifications in the plan, correspond to a fixed
3-dimensional space, and be stored on schedule and with
codes to facilitate search. Production should not be pau-
sed as a result of resource mismanagement.

The arrangement of task number and order, path ar-
rangement, and location arrangement: any construction
process, moving path, and location of the resources need
to be executed with precision in the production process.

The Seven-Arrangement operation plan highlights
several important characteristics of a successful organiza-
tion: simplicity, clarity, traceability, and ease of imple-
mentation. The traditional operation plan is based on the
site project, with the Construction Planning Department
and Subcontracting Center being passive and providing
clearance and explanation only when necessary. Most of
the issues concerning detail, interface, sequence, and
elevation are only resolved during execution. The Seven-
Arrangement operation plan differs from the traditional

S. Y.-L. Yin et al. An improved approach to the subcontracting procurement process in a lean construction setting

plan in the way it dissects the project in advance and
passes on the planning information from the procuring
end to the actual executor (i.e. contractors, site projects,
etc.). Hence, the Seven-Arrangement operation plan ma-
kes a smoother construction flow possible, ensures the
on-time supply of resources such as material, and
equipment, and effectively eliminates the aforementioned
types of waste.

Furthermore, after applying the Seven-Arrangement
operation plan and completing front and end planning
operations, the purchaser should explain this information
to contractors. The purpose is to seek the cooperation of
contractors by developing common understanding and
that forms the basis for executing the plan. Therefore, the
model must be promoted from the inside out. A SWOT
analysis can be performed to analyze the advantages,
weaknesses, internal opportunities, and external threats
that result from the promotion of Seven Arrangements.
Though structurally simple, a SWOT analysis could help
to simplify the complicated nature of the Seven Arran-
gements and reveal potential weaknesses and threats.
Additionally, the results of the analysis may help to pre-
vent the subcontractor from ignoring potential risks and
defects when designing their strategy.

5. A lean subcontracting procurement process (LSPP)

Under the lean subcontracting procurement process
(LSPP), the construction operation is executed through
the collaboration of four interrelated parties. In addition

Table 2. Definition, handling principle, and waste reduction ability of the Seven-Arrangement operation plan (seven factors)

Factor Definition Handling principle Reduced
waste from
1. Quality Meeting the required Specifications, sizes, and mold of material and other resources Defects
Arrangement specifications of the entering the plant should match the design diagram. Reduces the
resources resource and manpower required for secondary processing or
reworking (to maintain quality)
2. Quantity Maintaining the opti-  Input material and other resources should be delivered in batches ~ Over-
Arrangement mal quantity of re- based on the planned work procedure. The amount of input ma- production
sources as required by  terial and other resources should not be excessive or delivered all
the operation at once so as to avoid taking up extra work space, affecting mov-
ing space, and incurring material arrangement expenses
3. Time Matching the time Material and other resources entering the site must be delivered Delays
Arrangement required for the opera-  on time as specitied
tion
4. Inventory Place ~ Appropriate resources  The piling of material (parts) must align with the sequence of Maintaining

Arrangement storage place and operating procedure specific to the site and be stored in a fixed excess inven-
approach 3D storage space with codes to facilitate search tory
5. Arrangement Appropriate number The number and order of tasks need to be defined in each work- Unnecessary
of task number  and order of tasks for ~ flow and in the overall project processing
and order construction processes
6. Path Moving space for Specify fixed transportation paths (including paths for horizontal =~ Unnecessary
Arrangement transportation transportation and vertical lifting) on the site of operation transport
7. Location Location of people Adhere to the locations of material, manpower, machine, and Unnecessary
Arrangement and equipment for equipment planned in advance for construction or installation movement of
construction or instal-  (material and other resources need be well placed to facilitate people and

lation

retrieval and construction)

equipment
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to the Construction Planning Department, the Subcon-
tracting Center, and the Site Project Management, the
Specialized Contractor is distinguished from the Subcon-
tracting Center, changing the passive role of subcontrac-
tors. The Seven-Arrangement operation plan is used by
the subcontractors. The subcontractors not only provide
quotes to the Subcontracting Center but also participate in
the evaluation of the construction operation. In addition,
both the main contractor and the subcontractors can gain
their expected benefit through benefit sharing. In this
way, their relationship is no longer competitive but coop-
erative. Doing so further streamlines the whole opera-
tional flow to achieve a full-scale integration of re-
sources. Figure 3 presents a flowchart corresponding to
the proposed LSPP. The features of the proposed LSPP
are shown in shaded boxes for differentiation from the
traditional operational flow. Below, we describe the four
related parties involved in the LSPP flow:

(1) Construction Planning Department

After the Site Project Management proposes a su-
bcontracting plan, the operations of the Construction
Planning Department begin. First, the Construction Plan-
ning Department selects the construction method and
work items and reviews and modifies the subcontracting
plan based on the guidelines. Next, value and engineering
analyses are introduced for an overall comparison of
quality, cost, and construction period to identify the solu-
tions that best fit the construction project. Then, the short-
listed solutions are discussed at the construction planning
meeting, where a construction method is selected. Tradi-
tionally, the task of the Construction Planning Depart-
ment is completed after the selection of construction me-
thod. However, with the introduction of the LSPP, the
sequence of the whole construction project must be ar-
ranged based on the construction method and visualized
via a 3D simulation model. The main purpose of this
process is to enable the subcontractors to develop a tho-
rough understanding of the operation of the site project
prior to the actual work. Not only does this process help
subcontractors understand the risks involved in the const-
ruction operation, the 3D simulation model can also satis-
fy the operational requirement of bringing out the benefit
of understanding the whole construction process and
reducing communication barriers.

(2) Specialized Contractor

In the traditional procurement model, the only role
of the subcontractors is to provide risk assessment and
quotes. Under the LSPP, after the Subcontracting Center
selects the appropriate subcontractors, the subcontractors
review and evaluate the construction operational flow and
study the 3D simulation model of the main body const-
ruction procedure. Then, the subcontractors review the
items required for matching by the main contractor and
respond to the construction operational interface through
the 3D simulation model. Finally, the subcontractors
propose the manpower, equipment, and other resources
necessary for the project and provide risk and quotes of
each item to the Subcontracting Center. As a result, the

subcontractors achieve the final construction contract
based on the basis of profit sharing, quality, and schedule.

(3) Site Project Management

The Site Project Management proposes a subcont-
racting plan based on the Seven Arrangements in a single
progress table, while adjusting the operating sequence
and actual work rate of each subcontractor based on the
subcontracting plan. The Site Project Management also
reviews the Seven-Arrangement operation plan together
with the Subcontracting Center to readjust the construc-
tion detail progress table and review the best conditions
of the construction sequence, operating zone, and over-
lapping operation layout of each work item based on the
division of construction area. Finally, the Site Project
Management executes the plan based on the result of the
subcontracting and adjusts the construction type and
construction sequence at any time to match the common
plan and construction situation.

(4) Subcontracting Center

The project subcontracting plan proposed by the Si-
te Project Management is reviewed. Based on this review,
the project is carried out according to the Seven-
Arrangement operation plan with three important stages.
First, the overall Seven-Arrangement operation plan for
the project is proposed. Then, the Seven Arrangements of
single procedures are reviewed based on the construction
progress and construction method. Finally, the work rate,
cost, and work period analysis related to the Seven Ar-
rangements are made. On the completion of the Seven-
Arrangement operation plan and analysis, the estimated
procurement unit price is established to begin the procu-
rement operation, the selection of suitable subcontractors,
the analysis of the actual construction sequences, the
operational unit (labor and material) of each awarded
subcontractor, and the proposal of a divisional operating
plan based on the construction site. Next, subcontractors
are guided to specify the actual quantity of manpower,
equipment, and material, and estimate the shortest
working path and waiting time for halting work. The
subcontractor needs to quickly engage in discussion with
the Subcontracting Center during the presentation of the
construction case, the operation path, material entering
the field, and piling space location via the 3D simulation
model. Each subcontractor reviews the risk of the work,
so that the final negotiation may reach a procurement
price that ensures maximum profit and sharing profit for
the main contractor and all subcontractors. Finally, the
plan is carried out based on the result of the above pro-
cess.

In the LSPP, a detailed operation plan is introduced
to establish a complete set of work modes that achieve
economic benefit and provide contractors with an accura-
te 3D model of the manpower, equipment, material,
construction method, and paths involved in the project. In
addition to satisfying the needs of construction project
management, the LSPP could further reduce the wait time
and waste incurred on the part of the subcontractor be-
cause it obtains a lean subcontracting result that improves
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the overall performance of the site project and lowers 6. Case studies and discussions
costs. Moreover, the four types of standard operating
flows in the LSPP provide a common information plat-
form and a cooperative environment for contractors, who
not only receive their expected profit in the present pro-
ject but together gain potential long-term benefits.

The research demonstrated the accuracy and usefulness of
the proposed LSPP by some real projects, and the follow-
ing case was described as an example. Based on the LSPP
is designed, we used four case studies to explain the dif-
ference after introducing the proposed process. One case
study was detailed, and it is the procurement items of
New Construction of Land Office Catastrophe Prevention
Center.

Work of divisions and the flowchart of the lean subcontracting procurement process

Construction Planning

Subcontracting Center Specialized Contractor Site Project Management
Department
¥ Propose
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Select work Review of project — plan based on
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projects for review Arrangement operation
Adjust work sequence and work

. rate of each special contractor
Confirm work method and review of actual work rate "
based on subcontracting plan

1 :

Readjust work detail

subcontracting plan

Arrange Establish estimated progress table
work sequence procurement unit price
Prepare 3D

Select contractors

simulation system — bestcondition

of operational work’
sequencework zone, and
overlapping operation
layout of each work NO!
item based on
division of
ork zon

- +

Work analysis
and material analysis

Review and evaluate
work operation

—71 I

Operation division and Review3D frame
arrangement animation preparation Attend to review Seven

of main moving path ) and simulation Arrangements together

+ \_{—\
Introduce animated
3D simulation, operation Propose manpower
and storagespace mobilization and
equipment

arrangement simulation.
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sharing of I N
procurement operatloq _and site
unit price condition.

Fig. 3. Work of divisions and the flowchart of the lean subcontracting procurement process
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6.1. The Seven-Arrangement operation plan and 3D
simulation model of case study

This case study uses steel decking as an example. Be-
cause steel decking is a critical path in the precast and
launching method, all accompanying operations on the
deck can only start after the laying of the steel deck.
Therefore, it is necessary to explain to the specialized
contractor the flow of the whole precast and launching
structure before the laying of the steel deck. This struc-
tural flow is simulated using a 3D model to quickly intro-
duce contractors to the construction case, to explain how
the work is to be performed smoothly, to lower commu-
nication barriers and to reduce the waste incurred in the
subsequent work. As a result, the contractors could gain
an understanding of the construction sequence and mov-
ing path in each stage of the construction.

(1) Arrangements of task number and order, time, quality,
quantity, and inventory

Each floor is partitioned into 24 Zones, with the ho-
rizontal coordinates represented alphabetically starting
from A and the vertical coordinates represented numeri-
cally starting from 1. For the first digit in each code, S
represents south and N represents north with Line 4 as the
demarcation. For the second digit in each code, a letter is
used for each Zone to avoid confusion with the numbers
used for the construction sequence as shown in Figure 4.
This construction site has an area of approximately
2,000 m”. The plan is to pack the steel decking nail into
24 packs with the weight of 800—1,000 kg per pack. The
weight of the whole floor is approximately 23 tons as the
capacity of a dray. The material and equipment must be
scheduled to arrive at the arranged storage area or the
storage area with shortest transportation distance. Mate-
rials for all floors are shipped together simultaneously.
The 24 packs of materials are arranged based on length
and differentiated by their use in the north and south Zo-
nes. The launching area requires 6x4 m of space for each
Zone. To reduce secondary waste, the material is placed
based on the requirement of each construction job-site
instead of stored all in a single area.

prTa e s e N g e
O OERONBNOENONRO N
iieh 2

SA . SE SJ_o NA L NE

Fig. 4. Diagram of division of the area

Table 3 shows the laying sequence of steel decking
based on the date. The area is divided into south Zones
and north Zones. Time of input material is 5:30 AM of
the fourth day; materials for south Zones are placed in

one place (A; 1-2 Line) while materials for north Zones
are placed in the other place (A-B; 7-8 Line). The
working order of Zones corresponding to tower cranes is
defined. Green represents the portion already completed
during the past several working days. The location and
working order of the tower cranes are also shown in the
Table 3. Table 3 helps to eliminate conflicts between
tower cranes and ensure that materials arrive at the const-
ruction site on time.

In this case study, the deck type and the quality of
bottom deck in each area, the steel decking requirement
plan, and the manpower requirement are also provided.
Table 4 is an example of steel deck dimension and quality
of each Zone for 1F bottom deck. Because the deck dimen-
sion and quantity in each Zone is different, it is difficult to
manufacture, transport, and install without correct data.
Thus, Table 4 provides the necessary data to facilitate such
processes and allow the steel decks with the same dimen-
sion to be produced at the same time. The steel decks in the
same Zone will be tied in a pack and transported to the
appropriate place. Table 5 is an example of the steel dec-
king requirement plan of 1FL and 2FL. The specification
and temporary storage of steel decks is shown in Table 5.
Because the quantity of steel used for decking differs daily,
Table 5 helps the subcontractor to make more effective
plans with regard to resources, transport, and storage. Tab-
le 6 displays the manpower requirement for this work. As
shown in Table 6, there is a gradual reduction in the
manpower distribution in the 1FL construction stage and
subsequent stages, whereas the level of efficiency increases
due to the learning curve, the matching of the moving spa-
ce, and continued work. As a result, Table 6 demonstrates
the differences resulting from the application of the Seven-
Arrangement operation plan. Specifically, the number of
workers is reduced to fewer than 30 people with a working
time from 8§ AM to 10 AM and fewer than 19 people with
a working time from 8 AM to 10 PM. Thus, the Seven-
Arrangement operation plan enables the appropriate arran-
gement of manpower, materials, and equipment.

(2) Path and location arrangements

The analysis confirmed the number, tonnage, work
radius, and accurate location of launching tower cranes,
and also planned the route of loading trucks and the laun-
ching position. As shown in Figure 5, trucks can only
park in the launching area because all other areas must
remain clear. These arrangements made the material flow
smoother and prevented interruptions of the steel decking
sequence.

(3) A 3D simulation model

In this step, the MicroStation TriForma software
(Bentley 2004) was used to simulate the construction
process. This software creates 3D print-ready models and
allows users to efficiently create and edit 3D models of
complex projects. MicroStation TriForma software pro-
vides a robust set of capabilities for object management,
geometric modeling, information and standards manage-
ment, visualization, drawing and report extraction, integ-
ration with analytical tools, interference review, etc.
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Table 3. Illustration of the 1F bottom deck launching sequence

Date [Nlustration Description
Plan before . : 1 1F deck launching divid-
precast - : o= — ed by Zone. Launched
launching ; — ‘ e from the two tower
= o~ B cranes in the south and
, - ; | north Zones.
] z SR e |
: si [sno| :
The fourth 1F bottom deck input
day of the ‘/ P = area. Time of input ma-
precast - = : SN il terial is 05:30 of the
launching T & U N fourth day. Serial No.
] : SN [z 11-24 of the packed
1 P W 7% materials are placed in
S ] I‘j‘ e the A; 1-2 Line of the
+1 = T = south Zone, and materials
14 N ' ER el o for the north Zones are
\§\ A v = =L temporarily placed in the
& A-B; 7-8 Line.
o
The fourth 1F bottom deck installa-
day of the tion sequence. Range of
precast launching tower crane
launching starts from outer edge
,,,,,,,,,,,,,,,,,,,,,, and considers the pedes-
trian path by paving from
,,,,,,,,,,,,,,,,,,,,,, the position of the stair-
Lo case.
The fifth day 1F bottom deck installa-
of the precast tion sequence. The oper-
launching ation in the north Zone
will start as soon as the
laying of steel decking in
the south is completed.
The sixth day 1F bottom deck installa-
of the precast tion sequence. Installa-
launching tion in the north Zones is

completed after the sixth
day of precast decking.
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Table 4. Deck type and quantity at 1F bottom deck in each area
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South area North area
2 | Steel deck 2 |Steel deck 2 | Steel deck 2 | Steel deck 2 | Steel deck 2 | Steel deck
= = = = = =
< | size (mm) Qty S| size (mm) Qty S | size (mm) Qty < | size (mm) Qty S | size (mm) Qty < | size (mm) Qty
2,560 22 2,560 |22 2,560 11 2,560 | 22 2,560 22 1,860 | 7
SA SE SJ NA NE
2,660 11 2,660 | 11 2,660 11 2,660 11 2,660 11 910 3
2,285 6 2,560 |22 2,560 22 2,560 | 22 2,560 11 1,610 | 5
SF SK NB NF NI
SB| 2,706 11 2,660 | 11 2,660 11 2,660 11 5,460 11 2,060 |5
2,790 11 2,460 | 11 [SL| 2,460 33 INC| 2,460 33 ING| 2,460 33 2,610 |5
SG
940 3 5,360 | 11 2,560 22 |ND| 2,460 33 [NH| 2,460 33 2,960 |10
SM
1,070 6 2,560 |22 2,660 11 2,460 |29
SH
e 1,330 11 2,660 | 11 [SN| 2,960 22 NJ| 2980 |3
1,635 SI 2,960 |22 1,860 | 7
2,586 4 Position of south area tower crane: SG,
2.960 1 i.e. position at the end of the south Zone.
Position of north area tower crane: NF,
SD| 3,110 27 i.e. position at the end of the north Zone.
Table 5. Steel decking requirement plan
Work item Input quantity | Temporary storage Specifications Date | Qty used Balance CuTslélgglve
1,730 m? West scaffold (BW)*0.92t & 1.2t 6/7 550 m? 1,180 m? 550 m?
1FL Steel decking West scaffold (BW)*0.92t & 1.2t 6/8 550 m? 630 m? 1,100 m?
West scaffold (BW)*0.92t & 1.2t 6/9 630 m? 0 m? 1,730 m?
1,822 m? West scaffold (BW)*0.92t & 1.2t 6/19 650 m? 1,172 m? 2,380 m?
2FL Steel decking West scaffold (BW)*0.92t & 1.2t 6/20 670 m? 502 m? 3,050 m?
West scaffold (3W)*0.92t & 1.2t 6/21 500 m? 2 m? 3,550 m?
Table 6. Steel docking manpower requirement
Steel docking manpower requirement
- Date 6/7 6/8 6/9 6/19 6/20 6/21 6/27 6/28
.E Zone 1FL 1IFL 1FL 2FL 2FL 2FL 3FL 3FL
3 —E Time AMO8 : 00~ |[AMO8 : 00~|AMOS8 : 00~|AMO8 : 00~|AMO8 : 00~|AMOS8 : 00~|AMO08 : 00~|AMO8 : 00~
; S PMO5 : 00 | PMOS5 : 00 | PMO5 : 00 | PMO5 : 00 | PMO5 : 00 | AM12 : 00 | PM10 : 00 | AMI10 : 00
O
@ Total hour 24 hours for the whole area of 1FL 20 hours for the whole area of 2FL 14 hours for the whole
area of 3FL
)
£ No. of persons 10 8 8 15 10 5 16 15
S5 planned
=]
= 5| No- of actual 12 9 10 12 8 5 18 6
g persons
7 Difference 2 1 2 -3 -2 0 2 -9
o Date 7/6 7/7 7/18 7/19 7/27 7/28 8/4 8/5
= Zone 4FL 4FL 5FL 5FL 6FL 6FL 7FL 7FL
';a =4 Time AMOS : 00~ |[AMOS : 00~|AMO8 : 00~|AMOS8 : 00~|AMO08 : 00~|AMOS8 : 00~|AMO08 : 00~| AMO08 : 00~
© 2 PMI10 : 00 | AMI10 : 00 | PM10 : 00 | AM10 : 00 | PM10 : 00 | AM10 : 00 | PM10 : 00 | AM10 : 00
5
% Total hour 14 hours for the whole area | 14 hours for the whole 14 hours for the whole 14 hours for the whole
of 4FL. area of SFL area of 6FL area of 7FL
)
g N of persons 16 15 20 8 18 6 20 8
S5 planned
=]
= 5| No- of actual 14 4 12 4 12 4 15 4
3 2 persons
7 Difference —2 —11 -8 —4 —6 -2 -5 —4
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Fig. 5. Launching tower cranes layout for path arrangement

As illustrated in Figure 6, the study used a 3D model
to simulate the estimated construction situation such as
the construction process, the moving of trucks and cranes,
and the launching area. The model facilitated the deter-
mination of potential risks, conflicts, and communication
problems with other contractors and allowed subcontrac-
tors to address these issues prior to production. Moreover,
the 3D simulation model enabled the subcontractor to
improve the steel decking process, effectively reducing
expenses and construction time.

6.2. Items of the subcontracting coordination and
benefits gained from the LSPP

After using the LSPP, the steel decking procurement
elements were analyzed and reviewed in consideration of
the required resources, the construction sequence, the
moving paths, and the interface. The negotiation items
between Runhorn (the precast factory), the construction
site, and the steel decking contractor (resource analysis,
construction sequence, moving path analysis, and inter-
face analysis) are consolidated as shown in Table 7. Ta-
ble 7 describes the coordination and improvement items
between contractors. Through conducting cost review, the
savings enabled by the LSPP in the steel decking con-
struction becomes evident. Finally, the results are provid-
ed to specialized contractors to help them understand the
Seven-Arrangement operation plan for smoother imple-
mentation in the future. Below, we describe the im-
provements and benefits that resulted from the use of the
LSPP in the steel decking construction:

(1) Construction improvement

The steel plate was available at the edge of the large
beam. The small beam added the steel plate during facto-
ry production, greatly improving the speed of steel dec-
king construction.

The short section of the steel bar fixed on the steel
decking was directly provided by Dachungan with 10 cm
cutting. The material was vacuum-packed for ease of
transportation and diversion, eliminating the need for
direct handling by a worker on the site.

(2) Benefit of Seven Arrangements and LSPP

Packing and serializing ensured the sufficient output
of material and allowed an advanced understanding before
the work commenced to enable more effective responses.

S. Y.-L. Yin et al. An improved approach to the subcontracting procurement process in a lean construction setting

Launching area
11 m road
.

Fig. 6. A 3D simulation model

The fixed quantity of material and fixed locations
for placing material by Zone reduced the distance for
transportation, eliminated the problem of secondary
transportation, and reduced the number of workers.

Contractors shared tower cranes and manpower, and
the construction project proceeded with no conflict nor
waste.

6.3. Case studies results and analysis

In the steel decking operation, the implementation of the
Seven Arrangements in the LSPP facilitated the genera-
tion of the steel decking requirement plan, the manpower
requirement plan, the tower cranes layout, the steel-
laminated plate coordinate location, the type and quantity
of steel decking at each Zone, the launching plan, and the
material piling principle. The quantity and size of the
materials, the paths for moving resources, time, construc-
tion location, and storage place were planned and stand-
ardized completely prior to the beginning of construction.
The results were then simulated via a 3D simulation
model and presented to contractors to ensure an under-
standing of the Seven-Arrangement operation plan and
reduce the confusion that might arise from interfacing
difficulties. Additionally, through the subcontracting
coordination items, the coordination of the final negotia-
tion and the corresponding improvement items were pre-
sented. Finally, the cost of the coordination items were
analyzed and compared with the price adjustment. Thus,
savings were made possible by the LSPP and the ratio of
benefit sharing with the professional subcontractors could
be determined.

In the case study, a shorter construction period was
observed. The construction period for steel decking pre-
cast (10 days per layer) was reduced from the original
duration of 3 working days to 1.5 working days after
using the LSPP. Again, because the steel layer plate was
a critical path, the construction period was reduced from
10 days to 8.5 days. The total laying area of steel decking
was 13,688 m’, with the original estimated wage of ins-
tallation being $70/m” (i.e. total price $958,160). Resour-
ce analysis showed that the laying of precast launching
and steel decking shared tower cranes launching with the
saving of original steel decking laying in roller launching
expense of $68,440, resulting in a reduction of the total
price to $889,720 and the unit price for installation to
$65/m’. These reductions resulted from the cooperation
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Table 7. Subcontracting coordination items

401

o Coordination items Improvement items
- Content Attachment Risk involved Improvement countermeasure
1. Share tower launch with precast. 1. Material 1. Delay of previous |1. Put progress under control. Add
8w 2. Manpower 6 persons per day. packing plan | work item. rotating support if necessary.
53 diagram. 2. Insufticient workers |2. Fix work shift. Stabilize manpow-
% 7§ < 2. Shipment and frequent changes| er resource.
e detail form. in personnel. 3. Sharing of tower cranes launch.
Save rotation expense.
© Meet with Runhorn, construction site, and |1. Launching 1. Delay of precast 1. All construction types come to
% contractors for discussion and confirm construction launching. Steel agreement before work. Make sure
= construction sequence: sequence by decking waits after daily progress is completed.
2 1. Accommodate division of launching Zone. entering the site.
Em tower into south and north Zone for
5 work.
% 2. After the fourth day of precast launch-
g ing, steel decking enters the site for
© work and is completed on the sixth day.
1. Each floor output material without dif- |1. 3D frame CD [1. Delay in time of 1. Plan for floating time. Reserve
= ferentiation. Dray enters the site from ROM. material input. Clash| room for changes.
§_ e west side. 2. Surface mov- | in timing of machine,|2. Use 3D to simulate feasibility.
an 2, O 2. Input time at 05:30 on the fourth day of | ing path dia- people, and material.
E = precise launching. Place material pack gram. 2. Improper plan of
§ ® No. 11-24 of south Zone at A; 1-2 Line. material piling posi-
North Zone material placed at A—B; 7-8 tion.
Line.
O » 1. Timing of steel decking input must 1. 1F and work-
§ 7 A avoid timing of precast material. ing floor ma-
o) Tg 2. Steel decking material must avoid the terial piling
= 8 main progress of precast launching time.| diagram.
Corre- Unit price analysis . . L . Profit sharing
spond- (Taiwan dollar) thal savings | Savings |Unit price adjustment (Taiwan dollar)
S (Taiwan dollar) rate (Taiwan dollar)
Ing IteM| Original quotation Saving Contractor | Pin Huei
.§ Installation Wagg
5} quotation $70/m~ | Cost differ- o Installation wage .
‘g A (Total price ence$68,440 $68,440 7.14% $65/m> Nil $68,440
o $958,160)
Waste due to Installation wage Da Biao Da Biao
B waiting $88,972 10.00% $58.5/m’ g share share
$88.972 ' $44,486 | $44.486
Table 8. Results of the implementation of LSPP in several case studies
o 8 Cost reduction analysis
'§ = ) Potential cost reduc- Subcontracting
8 O a, . . .
=N s Content Total price of | Subcontracting | tions or the amount of % Cost performance:
s A o contract budget lowered price to be y % reduction
20 g . oude o P reduced
'é 3 (Taiwan dollar) | (Taiwan dollar) [shared with contractors compared to
e (Taiwan dollar) budget
Mode plate | A $22,009,064 $25,375,619 $2,273,825 10.3% 22.2%
Cement .
compression | A |1+ 3D frame/ moving path 1 ¢y 365 944 | g1 626,240 $185.856 13.6% | 27.6%
and transfer 2. quk guideline .
3. Uniform work diagram
Pile B |4. Subcontracting checklist | $24.637.681 $28,546,200 $850,000 3.5% 16.7%
;Snt;el deck- | ¢ $958,160 $1,077,930 $157,412 164% | 25.7%
Total $48,967,849 $56,625,989 $3,467,093 7.1% 19.7%
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made possible by the LSPP. Furthermore, via cost review
and analyses of moving paths and the interface, wasted
wages incurred by waiting for material and tower cranes
were eliminated with the saving of 10% of total cost (or
$88,972). The installation wage was reduced to $58.5/m>
and the total cost was reduced by 16.4%. These savings
are also the result of using the Seven-Arrangement opera-
tion plan. In this case study, the LSPP allowed the ad-
justment of contracting agreement items for cost reduc-
tion and shortened construction time.

The productivity of the steel-laminated plate opera-
tion was compared before and after applying the LSPP.
Specifically, the LSPP shortened the construction period
the original 3 days to 1.5 days, doubling the productivity.
The results of this study suggest that in the context of
laying steel-laminated plates, the LSPP significantly imp-
roved efficiency and reduced waste.

Table 8 presents the results of all the case studies
conducted, including the one discussed earlier. There are
three key results. First, the LSPP met its goals such as
reducing waste, developing cooperative relationships, and
sharing profit among contractors. Second, the extent of
waste reduction and cooperation depended on project
characteristics. Third, the projects that used more
equipment and material reaped greater benefits from the
implementation of LSPP.

Based on feedback from four participating contrac-
tors, such as Jia-Tzu Enterprise Co., Ltd. (Mode plate
case), Tzan-Ming Engineering Co., Ltd. (Cement comp-
ression and transfer case), Wei-Tai Industrial Co., Ltd.
(Pile case), and Jia-De Building Materials Co., Ltd. (Steel
decking case) interviewed in the case studies (shown in
Table 8), one of them encountered difficulty when at-
tempting to apply the proposed approach. For example,
more extensive background knowledge was needed to
endorse this novel approach and more time was needed
for the preparation work. It was also challenging to repla-
ce the traditional competitive posture with a cooperative
one.

Conclusions

Based on our analysis of case studies of construction
projects, we recommend application of the LSPP for con-
struction contractors. This process consists of a novel
Seven-Arrangement operation plan and four types of
standard operating flows. The process is very useful for
both the main contractor and subcontractor for the fol-
lowing reasons. First, the novel Seven-Arrangement op-
eration plan, based on the theory of lean construction,
may help subcontractors eliminate various types of waste
in construction projects. Second, by establishing a com-
mon information platform for contractors, the four stand-
ard operating flows may help contractors understand the
work emphasis of single operation and the whole opera-
tion in sequence. As a result, cooperative relationships
can develop among contractors involved in the same
project, allowing for the early identification of potential
risk and conflicts related to the construction. Third, the
LSPP may improve the level of trust and profit sharing in
the execution of construction projects. Finally, through

S. Y.-L. Yin et al. An improved approach to the subcontracting procurement process in a lean construction setting

applying the LSPP, contractors gain opportunities to ap-
ply advanced technological tools, improve innovation in
construction projects, and receive long-term benefits.
Moreover, the observed results from applying this
LSPP to the real projects are largely positive and consis-
tent. Nonetheless, the research findings were limited by
the numbers and types of the projects sampled for our
case studies. Thus, the analysis of more projects (in terms
of both number and type) is necessary to achieve more
robust results. Additionally, the contractors need to have
some level of background knowledge to accept this novel
approach, which could have been more effective had all
contractors been willing to cooperate. Also important are
the effect level of each arrangement and the cooperation
level between contractors in the proposed process, which
represent another valuable direction for future research.
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