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Lean was implemented on the construction department at HPD, and the results were measured
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1. CHAPTERI

Introduction

1.1. Introduction

Time, cost, and quality have been the keys to unlock the successes in many
businesses. Many large sized businesses or listed companies which have shown the
most profits are the ones who have the most efficient in processes with finest
performances to deliver products with high quality into the market. Some marketers
may argue that the best way for a company to be successful is to have a marketing
leading strategy, but the bottom line in the balance sheet is what proves how
successful any company is. Real estate development is considered one of the
businesses that yield the most return in comparison with businesses in other industries.
Most listed companies show similar percentage of land acquisitions to revenues,
marketing expenses to revenues, but the differences found in percentage of profits to
margins reflect from the cost and the operation expenses.

Lean has been the tool used for increasing efficiencies as well as reducing
wastes occurred within the processes, and thus, leading to reduction in costs and
expenses. Lean has been implemented mostly in a manufacturing environment,
mostly within factories in the past and it has been proven to improve the overall
operation to be more efficient and more cost effective from Toyota as a whole
company to re-analyze a hammer to improve a turnover time in changing a die. The
beneficial side effect from lean is time reductions. After the processes become very
efficient, the operation time drastically drops of which can benefit companies
especially on the turnovers in operation time and the interest paid for the loan in

mega projects.



1.2. Company Background

Homeplace Development company (HPD) is a developer in real estate,
specialized in building residential housing and buildings in Thailand (see:
http://www.homeplace.co.th) [1]. HPD is a medium sized company with in-house
construction teams and has its own prefabricated concrete factory to supply the
prefabricated concrete walls for its construction sites. See Appendix A.1 for
prefabricated walls products. The company consists of 60 employees in the office and
300 employees in the construction team (factory and construction sites).

The process line for the company’s products (houses, townhomes, and
condominiums) starts from land acquisition to design team to production team
(factory) to construction team and then, to sales and sales support team. The project
management and construction management teams, financial team, marketing team,
and system engineering team are part of the back office team. Figure 1.1 represents

the overall process flow at HPD.

Market & Product
ﬂ“_’hw B
Operation Plan > Deployment — [

QFD.

Fisure 1.1 Overall Processes at HPD'°


http://www.homeplace.co.th/

1.3. Problem Background

Based on the annual balance, construction cost accounts for 30 to 35% of the
revenues, the other 10-15% of revenues comes from operational expenses, and a fixed
7% interest of project loans; this is where the profit is directly affected.

At the time, the regulation of the new minimum wages was imposed by the
government and the problem of the shortage in labors and technicians on sites all
over Bangkok due to the highly increase number of real estate projects in year 2012
and 2013, stimulated from the AEC integration leading to massive influx funding
internationally. The executives, foreseeing the trend and the need for construction
improvement due to the rising cost of construction that comes with the external
factors, set the strategies to making adjustment on the whole production team with a
clear instruction that lean would be used as a tool to improve the production system
as a whole, from the physical working processes to the support system.

The two key interrelated elements in most real estate projects are the funding
and the time to transfer ownership. On the funding side, when a project is considered
as a short-term real estate project (real estate for sales), the funding from the bank is
given at a different term from those long-term projects such as hotel businesses,
shopping malls, or the office buildings for rent where the minimum loan/lending rates
(MLR) are relatively low and negotiable. The MLR for the short-term loan for real estate
developers tend to fall between 5 to 7% depending on negotiation. The funding is
directly related to the time to transfer ownership as the interest rate runs with project
time. For example, when condominium projects are placed in the market, the presales
are the first indicator for the project’s success to test the demand for the products
which often last between four to six months. The presales are run parallel with
acquiring permits for the projects and for constructions. Afterward, constructions take
place between the average times of ten months for low-rise projects and two to three
years depending on the sizes of buildings before the units are transferred ownership
to the customers. The permits acquiring time required cannot be reduced as the
process deals with city’s central units, external factor. However, the construction time

is still controllable.



With more than 35-years-experience as a developer and longer than 10-year of
prefabricated concrete walls technology in possession, HPD has developed the one-
house flow system for single houses and townhomes projects (in blocks). This one-
house flow system is a system to produce a house or houses based on the demand
during the time. One house has a lead-time of 45 days regarding the types of houses
and one block of townhomes has a lead-time of 75 days. This one-house-flow system
allows HPD to have a better ability to manage stock and cash flow the lead times
products are fairly short. However, the skill has not yet developed for condominium
projects.

In 2011 and 2012, HPD had two low-rise condominium projects that were
delayed in schedules and had caused the company problems financially especially
cash flow wise as the cash inflow was coming in as estimated. For low-rise
condominium projects, HPD had defined a construction time as nine months based on
the actual working processes, but the average construction time for the past two
projects is ten months and a half. During the ten months, the only cash inflow for the
condominium project is 70% construction loan from bank which is granted by the
construction progress. When having five to six ongoing construction projects, the cash
management becomes very important as one supplier may supply for 3 of the projects,
and if the money is not paid on time, the suppliers tend pause the materials delivery.
This can cause dominos effect on delays for the single houses and townhomes projects
which have the confirmed income for the company. Thus, the most important part is
to have the condominium projects finish as planned or even faster. The delays for the
two previous projects led the executives to set out the new goals for construction
time and the construction process revision.

On the advantages that the company can gain from reduction in construction
time, HPD can have a clear estimate on the cash flow of projects with a slight benefit
on interests which will not be higher than the project’s feasibility analysis. Looking
further on the opportunity that HPD can gain, if the product’s shelf-life turnover time
concept is applied to this shorter construction time, it can lead to a higher opportunity
the company can gain. When the construction time of the project is shorter, the

buildings are ready for ownership transfer faster, and the company can pay back the



loan faster, and thus, can invest on the new project faster. If the company can improve
the construction turnover time for one project down by half, it means the company
has the opportunity to double the number of projects, and double in the bottom line
profit. Inversely, it can mean that the longer the construction time, the higher
opportunity cost the company is payins.

From the delays of condominium projects in 2011 and 2012 along with the
opportunity cost that the company could have benefited from the higher turnover of
the production period, construction time reduction will be the main focus by
implementing the concepts of Lean to the construction department. Construction
Management (CM) team, who manages resources, monitors cost and quality, and
distributes the schedules for the construction sites and production plant, was identified
as key person between units to the information and communication improvement,
and the whole construction team contributes to the process improvement where the

detail process analysis will require incorporation between all units.

1.4. Objectives

The objective of this research is to shorten the construction time for a low-rise

condominium building using the concepts of Lean.

1.5. Scope and Assumptions

The research will concern mainly on the construction department at
Homeplace Development Company. Construction department consists of four teams
including project management team (planning and control, Bills of Quantities, Quality
Control, and contractors management), factory team, construction team, and
purchasing team. Each of the team will require different analysis on the change as the
job descriptions are different for each team. Lean will be implemented on the existing
processes to improve the efficiency of the processes and to improve the current
information flow. The obtained results will be measured on from the construction time
of a low-rise building project which will be compared to the existing data from another

building built with the existing processes in the same working condition



1.6. Expected Benefits

From the implementation, the results should show the reduction in
construction time to the given time of five months with the accurate and up-to-date
data in the company’s information system. The implementation should also lead to
an improvement in processes, control, and resource management, while building a
more efficient working culture to the construction department at HPD. The standards
that needed to be developed for the new implemented processes must also be ready
for both the implementation and the future usage. The information system and
software will also be set to support the changed working condition and to have the
data in the system be as accurate as possible. The project management should also
gain the ability to manage through system and to make good use of the data by

generating statistical information and other documentation needed for future projects.



2. CHAPTER I

Literature Review

2.1. Lean implementation

“Typical results from implementing lean thinking:
90% reduction in lead times
90% reduction in all inventories
100% increase in productivity
50% reduction in errors

Fewer injuries” [2]

Lean is widely used as a tool for process improvement. It is said that that the
actual time required to produce a product or deliver a service is only 5% of the total
elapsed time. The other 95% is loss during the processes. Every 25% reduction in
elapsed time will double productivity and will benefit on the cost side of the
production. Companies that routinely reduce the elapsed time to deliver enjoy growth
rates three times the average with twice the profit margins.

Many manufacturing firms have adapted the concepts of lean into their working
cultures to obtain the higher level of working efficiencies that one company can
perform. Toyota is one of the companies that have successfully leaned out its
company.

2.1.1.Toyota Production System (TPS)

From Toyota production system, there are fourteen principles of Toyota Way
that defines Toyota production system with seven principles (principle 2 through
principle 8) dealing directly with Lean as Liker stated in Toyota Culture: The Heart and
Soul of the Toyota Way[3]* as follow:



“...Principle2. Create a continuous process “flow” to bring problems to the

surface.

Principle3. Use“pull” systems to avoid overproduction.

Principled. Level out the workload

Principle5. Build a culture of stopping to fix problems, to get
quality right the first time.

Principle6.Standadlized tasks and processes are the foundation
for  continuous  improvement and  employee
empowerment.

Principle 7. Use visual controls so no problems are hidden.

Principle 8. Use only reliable, thoroughly tested technology that

serves your people and processes...”

All of the seven principles rooted from concepts of Lean which leads Toyota
to having processes Excellency and constantly eliminating the wastes. Apart from Lean,
processes management and controls are also the main support to TPS. Plan-do-check-

act (PDCA) problem solving is believed to be the core of Lean at Toyota.

“Lean systems are processes that bring problems to the surface so
that people can continually improve and learn through PDCA”
[4]Not only does PDCA improve the process, but also develop the
people. “The starting point is to clarify the problem versus the ideal
stat. Defining the ideal state is a critical step. This is to avoid settling
for incremental fixes to the current state. It is usual to think of 10 or
20 percent improvement as a big change, but in some cases doubling
performance is feasible” (Jeffrey Liker). In Figure 2.1, PDCA for process
improvement developed within Toyota could be used as a guideline
to the companies that plan to develop a continuous improvement

processes and systems.[4]



 Group the Situation \
« Clarify the Problems vs. the ideal state
Y IR Break down the problem
+ Root-cause analysis
D lan ntorca LLL, 1J
\D » See countermeasures through
\C » Monitor both results and processes
\A « Standardize succesfull processes and identify gaps for next steps

Figure 2.1 PDCA of Processes through Toyota Business Practices[4]®

From the principles of Toyota Production system and the PDCA for process
improvement previously stated, Toyota has developed a production system to
produce a higher quality and lower cost products with a much shorter lead-time. Lean
implementation is shown plausible for most manufacturing firms. The most important
key is to understand the working cultures and the working processes of the companies
being Lean implemented. Certain Lean concepts mentioned in TPS can be more

discussed in the following section.

2.1.2. Lean Concepts

Lean consists of concepts that can be applied to working processes from
analysis stages to implementation to data record and result analysis, and then, loop
back to re-analyzing the whole process to generate a continuous improvement
concept. To begin the Lean implementation, the problems or processes that needed
to be improved are put on the table for cause-and-effect analysis. At the same time,
the performance measurements must be defined as the causes must be fixed or
improved. The performance measurements could be the expected results from the
implementation or the expected change in processes that will affect the end results

of the implementation.
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2.1.3. Cause-and-Effect Analysis

This cause-and-effect analysis, sometimes referred as fishbone diagram, is a
diagram that roots the causes of the suggested problem. The structure of the fishbone
diagram has the problem as the head and the causes are lined as the bones of the
fish (see Figure 2.2). Each of the main causes can be branched out further in more

details to identify the most likely causes to the problem.

Methods Machines Measurement

NN N e
N Y

Figure 2.2 Example Fishbone Diagram[5]°

The diagram helps stimulate the brainstorming and possibly guides the
discussion of the problem and causes, and all the causes identified from this process

lead to further data collection and analysis.[6]°

2.1.4. Value Stream Mapping

Once the causes for the problem are identified and the performance
measurements are defined, the process steps in making products are listed out and
value stream mapping (VSM) is performed. Each of the steps is associated with
operation cost, lead-time, productivity, and inventory. This VSM involves with
evaluation of the current processes, design of a new improved processes, and the
benefits that will gain.

VSM can be started from work breakdown and processes identification. The
critical processes and precedence processes must also be identified. The critical
processes are the processes that are in sequence and dependent with other processes
and directly affect the total production time. These critical processes make up the
critical path for the project which is the longest sequence of processes within the
project. Each of the processes must also be defined with the time required to
complete the task, the lead time. This lead time will be compared to takt time as a

performance measurement.



11

2.14.1. Value Added and Non-Value Added

Then, the process steps are assigned as value added or non-value added of
which are defined as follow:

“Value added refers to those tasks that cause the product or service to advance
to a more complete stage..Non-value added is also fairly black and white. This
includes the activies that do not move the product forward and fall into the seven
categories of waste: the overproduction, excess inventory, transport, process waste,
rejects/rework, waiting, and excess motion” 7’

2.1.4.2. Takt time analysis

“Takt time is the rate that products must be produced to meet customer
demand.”[2]*

For implementation to improve processes, the customer demand could mean
the new goal for which the improved processes should be, and takt time is then
analyzed backward to get the required productivity required from each processes
based on the new suggested improved processes. This is sometimes known as balance
the job, so that each task has a cycle time equal to takt time. This total process change
should result in shorter lead times.

According to the Power Laws of Speed [2]%, when the lead times are shorten
and when the ease of working for the production line was focused, what usually
follows are the higher quality, faster response times, better productivity and better use
of equipment and space.

2.1.5. ECRS tool

After the evaluation is done on the current processes, ECRS is the possible
forms of application to apply to the processes identified as critical or non-value added
for overall process improvement.

E — Eliminate — Could the processes be eliminated? For certain processes such
as quality control which may fall within the NVA processes category, it cannot still be
eliminated as it contributes to the final quality of the products. However, for certain

processes such as relating materials within the factory, it can be eliminated and the
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new process should be suggested to have materials be located at the most efficient
spot.

C - Combine - Could it be combined? Sometimes, the processes can be
combined into one process using one operator/unit job. By doing so, the training may
be required, or the facility may need to be readjusted to support this change.

R — Rearrange — Could the processes be rearranged? This rearrange in process
improvement covers process rearrangement itself ,sequencing or parallel, and it could
refers to rearrange the capacities such as adding on the resources to shorten the time.

S — Simplify — Could the process be simplified? This simplification could be the
change in applications to simplify the complication within the process leading to the
new improved processes.

The result from the process identification along with VSM created, the
improvement processes should be suggested. This improved processes will then be
used further in calculating the new capacities need, the new planning required using
the concept of Just-In-Time along with one piece flow design.

2.1.6.Just In Time (JIT)

Just-In-Time is also a tool helps in managing the processes. It is defined as:

“A philosophy directed towards the elimination of waste where waste is
anything which adds costs but not value to a product” [8]®

JIT is the concepts leading obtain five zeros including paper, inventory,
downtime, delays, and defect. It also aims to fix the seven mudas including
overproduction, excess inventory, transport, inappropriate processing, rejects/rework,
waiting time, and unnecessary motion.

One of the main tools used to meet the concept of JIT is leveling. This includes
process leveling and resources leveling. For process leveling, the best practice for any
production system is to achieve a one piece flow processes. At Toyota, one minute
die turnover time was developed. The most efficient one piece flow process is one
that has the least waiting time, the least inventories, the least transporting distance,

least reworks/rejects, and the least unnecessary motions between processes.



13

2.16.1 One piece flow

Is to make the work “flow” so that there are no interruptions and no wasted

time or materials. Jay Arthur[2]* has suggested a redesign for One Piece Flow as follow:
“The first step — is to focus on the part, product or service itself. Follow
the product through its entire production cycle. In manufacturing plant,

follow product from order to delivery

The second step - is to ignore traditional boundaries, layouts, etc. In
other words, forget what you know.
The third step - is to realign the work flow into production “cells” to

eliminate delay, rework, and scrap.

The forth step - is to “right size” the machines and technology to
support the lots, quick changeover, and one-piece flow. This often
means using simpler, slower, and less automated machines that may
actually be more accurate and reliable.

The goal of the flow is to eliminate all delays, interruptions and
stoppages.”[2]*

2.1.6.2. Resource Leveling

Resource leveling is a term in project management which could be equivalent
to the term Available to Capacity (ATC) or some cases could be the arrangement of
ATC. ATC matches the capacities with the customer demand based on variable basis.
The capacities include the available facilities, machines, equipment, or labors. Each
process defined from VSM will be matched with resource planning at this state.

2.1.6.3. Communication and Collaborations

Apart from lean concepts, the team structures play one of the most important
roles in Lean implementation. It was believed that 60% failures of implementation are
due to the failures in collaboration between the teams. The ten ingredients suggested
by Peter Scholtes could be used as a guideline to forming a successful team.[6]°

“1. Clarity in team goals. As a sound basis, a team agrees on a mission,

purpose, and goals.
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2. An improvement plan. A plan guides the team in determining schedules
and mileposts by helping the team decide what advice, assistance,
training, materials, and other resources it may need.

3. Clearly defined roles. All members must understand their duties and
know who is responsible for what issues and tasks.

4. Clear communication. Team members should speak with clarity, listen
actively, and share information

5. Beneficial team behaviors. Teams should encourage members to use
effective skills and practices to facilitate discussions and meetings.

6. Well-defined decision procedures. Teams should use data as the basis
for decisions and learn to reach consensus on important issues.

7. Balanced participation. Everyone should participate, contribute their
talents, and share commitment to the team’s success.

8. Established ground rules. The group outlines acceptable and
unacceptable behaviors.

9. Awareness of group process. Team members exhibit sensitivity to
nonverbal communication, understand group dynamics, and work on
group process issues.

10. Use of the scientific approach. With structured problem-solving
processes, teams can be more easily find root causes of problems.[6] °

”»

2.1.7.Information Flow

Similar to the idea of TPS on information flow, it is best to have a reliable
technology to serves the people and the processes. Information flow is the key for a
successful JIT management especially on the supply chain side. However, the
information flow provides any company with good information system to control
processes of lean manufacturing. According to Thomes', the information flow is built
around three information processes including Sales and Operation Planning, Available
to Capacity, and Kanban. All of the processes are suggested to be interlinked to best

establish the effective system with the database that could allow the people to utilize
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the information at its most effective: The S&OP allow the people involved with ATC
to manage the resources while the information from Kanban allow the company to
understand its products and defects that could be improved.

This information system acts as the backbones for the company as it serves as
the channel to provide information to every team involved.

2.1.8.Control System

The three components that are used for process control in any project
management are (1) a standard or a goal, (2) a measure for accomplishment, and (3)
comparison of the actual results with the standards.’In a project management and
control, a goal is established and must be measurable quality characteristics. The data
used to measure the accomplishment sometimes are done at the inspection
processes, and the measure for accomplishment should be measured from time to
time to be able to see the trend of change if there is any. Lastly, for the results
comparison, for any implementation to improve processes, the actual results should
depict differences between before and after the implementation.

2.1.9. Quality improvement

Quality is one of the advantages perceived from lean implementation.
Concepts of Lean rarely mention the quality of the products, but rather quality in the
processes which lead to least defects and low quality products. The defects and
wastes that are eliminated along the continuous process improvement automatically
lower the final products’ defects. One of the key to ensure the lasting quality is the
standards that are developed along the processes improvements. It is very important
for a company to develop standardized processes that continuously improving with

control system which are updated once there is a change.
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3. CHAPTER Il
Existing Conditions & Methodology

3.1.  Existing Conditions & Methodology

The objective of this research is to shorten a construction time for an 8-story
condominium building using concepts of Lean for the implementation. The results
from the implementation will be compared to the construction time of another
building in the same project with the exact same design with the data already existed.

In 2013, HPD had five ongoing construction projects including one
condominium project and the other four projects were single houses and townhomes
For the single houses and townhome products, HPD had developed a system of a one
house flow or one block flow, where the production time for the houses takes 45 days
and the townhomes takes 75 days excluding pile works. This one house flow system
is analogous to the one-piece flow system in lean, which benefits the company to not
having too high inventories when the economy slows down or to have the products
ready fast enough when the demands are high. The condominium project, otherwise,
has a much longer production time, which means a much more sunk cost that can
cause a problem to HPD’s cash-flow during the construction period.

The average time for construction of a low-rise condominium (8-stories
building/ building height of less than 23 meters) was ten months for established
construction companies and developers with fast pace construction including HPD.
The requirement was given to the construction department by the executives that the
total construction time must be reduced from ten months by half as the company has
set its strategy to increase the profit from the turnover time of the construction, and
also, the problem of uncontrollable external factors that can affect the project during
the long construction period. The concepts of lean portray a good solution path to
this improvement, and Lean was preferred as a tool for this change.

With the requirement to reduce construction time of condominium projects,

the construction department was evaluated thoroughly. The major problem detected
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was lack of efficient communication between management teams, construction
sites, production plant, purchase department, and the design team. A lack of well
information management, then, led to losses in personnel, insufficient control in cost
and process, and a decline in product’s quality as no change was suggested, and the
most obvious of all, the delays in the schedules. Moreover, construction processes
have not been revised or improved from projects to projects in the past 3 years, and
the problems from the designs found on site also have never been reported back to
the designing team for the possible change.

With the preliminary analysis on the processes and the possible changes to be
implemented, the information system or the company’s infrastructure must also be
restructured to support the future working processes or the changes to be made. As
the information system for the construction department was analyzed, the data within
the system was not up-to-date enough, and certain functions, such as S-Curve on time
and cost or QC report, were never utilized properly. It was clear that the change to
both the construction processes and the requirements for the information system,
updating data and utilizing available tools to control time and qualities, must be
implemented to support this construction time reduction.

The research will concern mainly on the construction department at
Homeplace Development Company. Construction department consists of four teams
including project management team (planning and control, BOQ, QC, and contractors
management), factory team, construction team, and purchasing team. Each of the
team will require different analysis on the change as the job descriptions are different

for each team.
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3.2.  Existing Conditions

3.2.1. Construction Department Organization Chart
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Figure 3.1 Construction Department [1]*

3.2.2. Project Management

Project management team deals directly on the process planning, processes
control, quality control, and contractors. In this research, construction processes for a
condominium project will be broken down and analyzed one by one, and changes will
be made to the existing process if necessary to reduce the construction time. One 8-
storey condominium building (HPH002) will be used to implement the change and the
results will be compared to the condominium in the same project (HPH001) that uses
conventional processes in time of construction and the cost of the whole building.

As for contractor management, the most important task dealing with
contractors when shortening the construction time is to recognize the contractors’ and
subcontractors’ capacities and capabilities. The contractors and subcontractors will be
analyzed in details to ensure that the contractors/subcontractors can deliver the work
in time and do not have a shortage of resources when the production plan is shorten.
Also, the qualification of contractors will be further studied on the system to manage
the contractor selection.

Cost estimation is also another function within project management, but this
process does not affect the construction time directly. Yet, the bills of quantities (BOQ)
in the information system is linked two-way with purchasing department for the most

up-to-date price from purchasing team while feeding the purchasing team with the
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exact date the materials needed to be delivered on site. This function of the
information system is ready for use, but the only problem was the data were not input
correctly, and the personnel tend to go back to the conventional way of using papers
and pen, which most of the times leads to the loss of records. The data input will be
mandatory, and accurate data must be updated into the system for the BOQ data to
be used for procurement purpose.

3.2.3. Purchase

Just-in-time has been a requirement for material management at HPD. Materials
to be delivered on site will be given a specified dates. As stated earlier that the day
the material required on sites based on processes planning will be generated from the
project management team and linked to purchasing department. With the shorten
construction time, the relationship with suppliers must be closely monitored be; the
material shortage or delay can cause the delay in construction time. Purchase
department also must collaborate regularly with the construction team and the
project management if there is any problem with material specification or the materials

shortage in the market to ensure the materials’ qualities and the materials’ schedules.

3.2.4. Quality control

Quality control (QQ) is a stand-alone unit. In the past, QC referred to the quality
personnel on site which was an independent unit and only checked the quality of the
products from one stage to another. The structure of QC team has been changed
throughout the time, and recently QC has become involved in setting working
standards. QC team is responsible for setting standards and requirements for working
processes so every team has the same document. The responsibilities/job descriptions
of QC team will be revised to collaborate more with other departments to help reduce
the wastes during processes, and to manage standards used be every team.

Shop drawing is a part of quality team as a coordinator for design team, the
construction sites, and factory for when there are working drawings that needed to be
clarified. The position was recently added on to the quality team when there was a

problem with incorrect design such as missing joints or design change from the
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construction sites that was not updated back to the office. The show drawing position
acts as the coordinator for design teams and construction as well as eliminating the

unnecessary “whose fault” problem.

3.2.5. Construction

Construction teams are mandatory to request for the resources needed to
comply with the planning. The construction teams will need to collaborate with
project management team, and possibly suggesting the change required. Also, because
onsite personnel will have the best knowledge regarding the require machines and
equipment when a new process is to be implemented as well as the constraints of
the construction processes, such as cranes limitations or the blind spots during the
construction.

The constraints on site refer to the overall site plans and construction site
management. This construction site management will involve with setting locations of
the working cells such the location to stock prefabricated concrete walls, or the
location of cranes, or the materials management on site. Clear site plan planning must
be generated prior to the start of the project as well as clear instruction on materials
management to all the parties involved.

Apart for site plans and machines, the labors management is the critical part
of construction both the company’s labors and the contractors’ labors. When
managing labors to finish the work in a 79 units building, the job tasks must be clarified
to both the foremen and the labors themselves because labors in Thailand are not
skillful and discipline enough to deliver a work without clear instructions. Therefore, it
is best to have “just enough” labors on site at the “right time” along with good human

resource management strategies on KPI and reward system.

3.2.6. Factory

Because HPD has an in-house prefabricated concrete factory to supply the
prefabricated concrete walls for the projects, the factory’s capacity becomes another

constraint in the shortening processes. The factory at the time had the ability to
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operate at full capacity of 11 beds a day; a single house in housing projects require
the average of 11 beds regarding the types. The townhomes require the same amount
of beds per unit, but the construction process is done block by block. For
condominium project, one floor of a building is equivalent to 4 single houses. When
there are 6 ongoing construction projects, the company needs to carefully manage the
factory’s capacity. Resource leveling will be performed to ensure that the

prefabricated concrete walls are ready in time of the usage.

3.2.7. Support System

With the objectives on shortening the construction time, information system
and data management will be the main key to support the collaboration, the project
management and control, and the data sharing between departments. HPD’s database
and information system software will be evaluated to justify with the improved working
processes. The information flow improvement will begin from data input stage
onwards to software fitting in order to have the information system that helps control
the overall production with the measurement tools that can turn the raw data into
informative records, such as the S-Curves comparing the expected and actual results
on the timing and cost.

The data input and software training must be done if necessary to have the
accurate and up-to-date data on the database. Also, if certain data require regular
update, such as the material pricelists that are used for BOQ function or the worn out
equipment and tools that should be cleared from the system, regular schedule must
be set.

The software fitting will also be performed to ease the users in managing data.
The feedback is mandatory to the programmers to adjust the functions of the programs
be suitable with the actual working conditions.

3.3.  Existing Data on the previous Building (HPH001)

The research will be measured from the result obtained after Lean

implementation on construction of a low-rise condominium (HPH002). The results will
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then be compared directly to the existing data of already finished condominium

(HPHO001) in the same project, same location.
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Figure 3.2 The Results from the existing processes for HPH001

The data obtained from Figure 3.2 shows a missing data in the system resulting
in the incomplete S-curve for the building (in the light blue circle). Based on S-Curve,
the construction time for Building HPHOO01 began in the beginning of April 2013 and
finished sometimes around March 2014. This timeline of ten months will be used as a
benchmark for Building HPH002 which will be implemented Lean on the construction
processes. Also, the analysis and implementation will be done based on the historical
data from building HPHOO01. The consistency of the data input will also be monitored

closely to ensure a more accurate data for HPH002.

3.4.  Problems Identification
3.4.1. Cause-and-Effect Analysis (Fishbone Diagram)

The cause-and-effect analysis is performed to identify the possible causes that
affect the construction timing. All of the previous information from every team under
Construction department is mapped into four categories of 4M’s (Method, Machine,
Material, and Manpower). Figure3.1 shows the fishbone diagram for the cause of delay

in construction.
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Figure 3.3 Fishbone Diagram for delay in construction

From the fishbone diagram in Figure 3.3, the major causes to the delay come
from insufficient planning for each process. Without good project planning, the control
in time, cost, and quality during the construction will be problematic. The planning
stage includes not only the planning of schedule, but also, the overall management
of the project such as costs, resources levelling, capacities check, and quality standards
and control. Communication is also another main cause to the delay: the team has
regular meetings but the goals for all members were not clarified on regular basis. The
support systems/software for the users was not fit to the working condition. This
problem leads to inaccurate data/record and unmatched information between the
back office and the personnel on field. This could be the ease of use or the bugs that
was never reported back to the software programmers. The last and most important
cause to the delay is the reluctance to change by the people.

Prior to any change was suggested and implemented within the construction
department at HPD, the causes found from Fishbone diagram were classified into three
main issues including project management, Lean, or information system. In Table3.1,
the roadmap to shorten the construction time is suggested based on the concepts of
Lean. The roadmap, as a solution to the causes identified from the cause-and-effect
analysis, represented a guideline for what would be done during the implementation.
The guidelines chosen in the roadmap were based mainly on the concepts of lean,

project management, and information system management.



Table 3-1 Roadmap to Implementation

Project Management Lean Information system
1. Processes breakdown and la. Value Stream 2b. Sharing
identify the possible critical Mapping Information
tasks that can be improved 2a. Apply ECSR to the regarding project
2. Controlling the project by critical path that can progress
Method
improving the communications shorten the time 3a. Utilize software’s
3. Controlling the project by 3a. One standard is used functions (S-
software curves) to control
the project
1. Resource leveling for
Machine prefabricated concrete walls
used
1. Material Control la. Just-In-Time
2. Collaboration with other teams 1b. Construction site plan
Materials
planning for best
efficiencies
1. Capacity analysis control 3a. Process data must
be input and done
Manpower on the system
accurately
3b. Software fitting
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4. CHAPTER IV

Implementation

VSM on HPHOO1 Processes
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With VSM concepts, the actual working processes for building HPH001 were

listed out to begin with, and the critical processes were identified. The value added

and non-value added were assigned as well as the suggested change using ECRS which

will be further discussed in Process Revision section. In Table 4.1, the processes were

further evaluated and the suggested plan for building HPHO002 is shown.

Table 4-1: VSM on HPHOO1 Processes and the suggested change to HPH002

HPHOO1 HPH002 Chang
Process VA e
Process Critical?
No. day Predecessors day Predecessors NVA Made
ECRS
Structure FlL.1 19 days 12 days
2 Beam 2 days 2 days Yes VA
Reinforced steel for Outso
3 4 days 2 2 days 2 Yes VA
beam urce
Layout hallow core for
4 2 days 3FF 2 days 3SS Yes VA
FL.1
Reinforced steel in the
floor - FlatSlab Outso
5 5 days q 2 days 4 Yes VA
(Including piping and urce
electrical)
Floor - Concrete Outso
6 2 days 5 1 days 555+1 Yes VA
pouring- FlatSlab urce
Reinforced steel work in Outso
7 4 days 5 2 days 5 No VA
the columns urce
Outso
8 Steel Ties in the column 3 days 7SS+1 2 days 7SS+1 No VA
urce
Add
Install prefabricated Team
9 3 days 6 2 days 6 Yes VA
concrete walls &Cran
e
Add
Team
10 Columns Formwork 4 days 9SS+1 2 days 9SS+1 Yes VA
&Cran
e




Table 4-2 VSM on HPHOO01 Processes and the suggested change to HPH002(Cont.)
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HPHOO01 HPH002
Process b Critical? VA/ Change
rocess Predeces ritical?
No. day Predecessors day NVA Made ECRS
SOors
Add
Column concrete
11 3 days 10SS+2 1 day 10 Yes VA Team&Cra
pouring
ne
Install Prefabricated
12 1 day 13FF 1 day 11SS+1 No VA
concrete stairs
Structure FL.3-8 19 days 9 days
Eliminate-
14 Install Dust Screen 2 days 12 Yes NVA
Substitute
Lay out TableForm
15 and Floor formwork 4 days 14 2 days 11SS+1 Yes VA Outsource
for FlatSlab
Reinforced steel in
16 the floor (Including 4 days 1555+2 2 days 1555+1 Yes VA Outsource
piping and electrical)
Post Tension in the
17 4 days 16 4 days 16 Yes VA
floor
Install Exterior Material
18 1 day 17 Yes VA
prefabricated walls Change
Floor - Concrete
19 1 day 18 1 day 17SS+1 Yes VA
pouring- FlatSlab
Steel Ties in the
20 4 days 16 1 day 16 No VA Outsource
column
Reinforced steel work
21 3 days 19 2 days 19 Yes VA Outsource
in the columns
Add
22 Column Formwork 2 days 21S5+1 2 days 2155+1 Yes VA Team&Cra
ne
Column concrete
23 3 days 2255+1 1 day 2255+1 No VA Outsource
pouring
Install Interior Add
24 prefabricated walls 3 days 22SS 2 days 22SS Yes VA Team&Cra
and concrete fibers ne
Install Prefabricated
25 1 day 24 1 day 24 No VA
concrete stairs
Finishing FL.1 24 days 24 days
27 Door Frame work 1 day 11FS+8 1 day 11FS+8 No VA
Inwall electrical and
28 6 days 27SS 4 days 27SS No VA
piping
InteriorWall Skin work
29 2 days 27SS 3 days 27SS No VA
- portland cement
In Room Wall & Floor
30 Tiles Work 10 days 29 10 days 29 No VA
(Bathroom/corridor)




Table 4-3 VSM on HPHOO01 Processes and the suggested change to HPH002 (Cont.)
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HPHOO01 HPHO002
Process c b VA/ Change
Process Predeces ritical?
No. day Predecessors day NVA Made ECRS
SOors

Wall Tiles (Elevator

31 4 days 29 3 days 29 No VA
Frame)
Gypsum work/
Aluminum frames

32 6 days 29 6 days 29 No VA
(indoors and
outdoors)

33 Install Doors 2 days 30 2 days 30 No VA

34 Interior Painting 13 days 32S5+3 13 days 32S5+3 No VA
Install Sanitary wares

35 and electrical 6 days 34 6 days 34 No VA
equipment

Start Date
Finishing FL.3-8 34 days 25 days
Change

Exterior wall skin -

37 portland cement 4 days 14 4 days ar No VA
work

38 exterior painting 5 days 37SS+2 5 days 37SS+2 No VA

39 Door Frame work 3 days 1555+7 3 days 1555+7 No VA
Inwall electrical and

40 6 days £y I 6 days 39SS No VA
piping
InteriorWall Skin work

41 5 days 39SS 5 days 39SS No VA
- portland cement
In Room Wall & Floor

42 Tiles Work 10 days 41 10 days a1 No VA
(Bathroom/corridor)
Wall Tiles (Elevator

43 4 days 41 4 days a1 No VA
Frame)
Gypsum work/
Aluminum frames

a4 6 days 41 6 days a1 No VA
(indoors and
outdoors)

45 Install Doors 2 days 42 2 days a2 No VA

46 Interior Painting 13 days 44SS+3 13 days 44SS+3 No VA
Install Sanitary wares

a7 and electrical 6 days 46 6 days a6 No VA
equipment
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4.1.1. Critical processes & Process Revision

Once the critical processes were identified, the job tasks were analyzed in
details to find all the possibilities to shorten the construction time especially those in
the critical paths. Recurring processes were found in patterns from structure through
finishing. The same pattern of processes was found from floor 2 through floor 8 where
the critical paths are those in structure processes and where the finishing processes
are to follow the structure processes floor by floor. For example, the door framework
along with the in-wall electrical and piping and interior wall skin work (Portland
cement) always start one week after the Tableform are laid out for each floor. This
finding leads to further analysis that each one day reduced in structure process can
reduce the whole project by 8 days as each process recurred 8 times throughout the
project, or 9 times on structure work as there is also another rooftop floor. The

highligshted boxes in Table 4.1represent the processes that have been modified.

The examples for structure processes revision include the process for concrete
pouring, reinforced steel in floor, and steel ties in column were found to require a lot
of time and are all critical processes. However, when the processes do not require
skillful labors, contractors with pools of labors can outsource the work with the
company’s foremen to ensure the quality and work process during the task while the
time for each process per floor can be reduced by more than 30% of the time originally
projected. On the other hand, when the tasks require skillful labors or heavy machines,
the processes require further analysis, such as process #18 and #24; both are install
prefabricated walls, however, the exterior walls needed to be installed before pouring
floor concrete while installing interior prefabricated walls do not require such action.
The two processes require heavy tools and require skillful labors to install the concrete
walls with certain techniques and cannot be outsourced. In this case, the crane was
found to be the constraint to prevent the ability to reduce the working days for
installing concrete walls. After the analysis that the addition of crane and a team or
skillful structural labor will reduce processes for each floor by more than two days,
another crane and another team of skillful labors for walls installations were then

granted for the project, and the installing concrete walls were shorten down by half.
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For #18, the exterior walls process was further evaluated and found that the
prefabricated exterior walls installations were constraints to both the structures and
the finishing stages of the building processes. The possibilities to improve this process
could be to change the exterior walls’ material to reduce the construction time as
doing so will reduce the structural process and also the finishing processes for every
floor can start even earlier without having to concern about the exterior wall skin. With
the decision, the whole step can be eliminated from critical process, and with this
process change, the total time for finishing work per floor was reduced by almost 10
days.

As for material substitution, engineering knowledge can also be a tool to reduce
the construction time. One of the ways to see how fast the building is built is to see
the concrete pouring stage from floor-to-floor. The engineer can shorten the time of
the building to the maximum of concrete strength. The additives to this process may
cost more, but may save the interest from the loan in the end. For the revised
processes, the concrete pouring from floor to floor will be reduced from working days

down to 7 working days.

In a big picture, at HPHOO01, each floor requires 19 days of structure processes,
but floor-to-floor, such as concrete pouring floor 1 to concrete pouring floor 2, requires
14 days and 35 days of finishing processes for each floor following the structure
processes. With the new processes for HPH002, the structure processes were lowered
down to 9 days and the speed for floor-to-floor is 6 days and the finishing processes
are down to 25 days. By having the structure processes recurring of 9 floors including
rooftop floor, the reduced time for the total working days of at least 72 (9 floors x 8
days reduced) working days on structure processes and10 more days for finishing
process, which makes the total working day lower by 82 days equivalent to 3 months
and 4 days of working period (one working month includes 26 working days). The total
processes, including underground work, without any delay was expected to be 200
working days which is equivalent to 7 months and 20 days was then expected to lower

to 4 months and 16 working days.
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4.2.  Manpower

With the new process sequences suggestion, every party involved in the
processes is also affected. The numbers of the labors required during the project must
be revised as well as the sub-contractors that will need to be increased if the capacity
of the current team was not sufficient for the new construction pace.

4.2.1. Human Capacity (Manday)

Similar to takt time analysis, mandays are used as a tool to analyze the time
(in days) required for one process/job if it was done by one man. This mandays allow
the team to estimate the capacity, labors and subcontractors, required to meet the
rate of construction from the newly suggested processes. The numbers or labors and
subcontractors required for each process at HPH002 were then estimated to match
the processes. In Table 4.2, the numbers of the mandays required is based on the
actual capacity used in HPH001. Once the mandays were calculated, the concerns of
insufficient in-house labors were raised along with the labor cost that can be increased
if the overtimes (O.T.) are paid more as each labor will have to finish the same amount

of work task in a shorter period of time.

Table 4-4 Manday Calculation Table

Time Required (days) Man-day
Task # men

per floor per floor
0
Reinforced steel for beam 10 [ 40
Layout hallow core for FL.1 4 2 8
Lay out TableForm and Floor formwork for FlatSlab 3 4 12
Reinforced steel in the floor- FlatSlab (Including piping and electrical) 10 [ 40

depends on concrete
Post Tension in the floor oS -
strength request

Install Exterior prefabricated walls 5 1 5
Floor - Concrete pouring- FlatSlab 14 1 14
Steel Ties in the column 6 q 24
Reinforced steel work in the columns 3 3 9
Column Formwork 5 2 10
Column concrete pouring 4 3 12
Install Interior prefabricated walls and concrete fibers 4 3 12
Install Prefabricated concrete stairs 3 1 3
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Table 4-5 Manday Calculation Table (Cont.)

Time Required (days) Man-day
Task # men
per floor per floor
Exterior wall skin - portland cement work oS 14
exterior painting (o) 5
Door Frame work 2 1 2
Inwall electrical and piping (o) 2
InteriorWall Skin work - portland cement (&) 3
In Room Wall & Floor Tiles Work (Bathroom/corridor) 0os 10 (&)
Wall Tiles (Elevator Frame) q 4 16
Gypsum work/ Aluminum frames (indoors and outdoors) oS 6
Install Doors 3 2 6
Interior Painting oS 13 -
Task # men Time Required (days) Man-day
per floor per floor
Install Sanitary wares and electrical equiptment oS 6 -
Total Manday 213

Note:
L.working hours 7.30 - 17.30 / NO O.T. / Day off on Sunday

2. OS stands for Outsource

The project management team had come up with a solution that certain works
will be outsourced based on the actual mandays in HPHO01 with additional 10-15%
operating cost to get most of the costs fixed and lower the overrun cost from variations

that could occur from external factors.

An example of capacity planning would be the times required for the
outsourced tasks that are shown in Table 4.5. The processes can be shorten by adding
more subcontractors as the rate of work delivered is a linear relationship between the
labors and the time: for the In Room Wall & Floor Tiles Work (Bathroom/corridor) task,
knowing that the time required for one subcontractor team is 10 days per floor, when
actual construction is in progress and more capacity for the task is needed, the amount
of subcontractors can be interpolated from this working rate. Similar to the
subcontractors estimation, the time required for installing prefabricated walls by in-
house labors can also be shorten with the increased number of labors. Because
construction is a labor intensive industry, most of the works still require actual human

craft, and by reduced working day does not mean that the man-day will be reduced.
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4.2.2. Communication and Information Flow

Communication plays the biggest role in smoothing the whole construction
processes. Without good communication and correct information sharing between the
team members, the team as a whole will always encounters problem:s.

4221, Communication and Collaborations

Prior to the change in processes, regular meetings were already in place for the
construction site management team. A site meeting is held in the morning of every
working day, and it is mandatory for all personnel on site to attend the meeting.
However, from the observation, the site meeting is there to assign work tasks for all of
the labors and the contractors while the goals for the whole team were not
communicated and clearly stated. Also, there was no meeting set for all units involved
except for the construction department meeting every other week to discuss about
the problem for the project itself.

The change was made when Lean was implemented to ensure that the project
would not delay and that the goal was made clear to everyone involved. Morning
meetings were regularly held through the project. However, one change made was a
weekly meeting for every unit involved including the project site managers,
construction management team, production plant manager, and purchasing manager.
This meeting will provide understandings on the tasks and deadlines and allowing
discussions regarding the problems. Also, there will be two minor meetings with other
departments: one is between the architect, construction management, and
construction sites to discuss the possible delay based on available materials specified
and change that might be needed. The other meeting will be with sales department,
to discuss any change regarding the construction schedules and the quality of the
products delivered to sales department.

4.2.2.2. . Information Flow

The information is also one of the most important parts in the whole processes,
the more information is perceived by the team, the better team for the project it is.
“The pre-lean implementation database is generally corrupt with inaccurate

information, such as inventory, lead times, and bills of material. “ (Thomes?)
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The information system could highly benefit the project management team if
it was functioning correctly with the correct data. The result found in HPHO01 showed
an inaccurate data from the input stage where there was inconsistency in data input
function. The information system support team had been involved through the
implementation to ensure that the software was function correctly. Also, the software
fitting was redone for the whole construction team as it was found that the
construction personnel tend to avoid the use of software when there was an error or
when the software was too complicated for use.

4.2.3. Machine

Cranes were considered part of the constraint in process revision. Because the
crane’s efficiency can be measured from the operating time in the construction
process, as it was calculated that one day of crane down-time can cost the delay to
the following construction process, as most of the structure processes require cranes.
The other important constraint is the crane’s arm; the location of the crane sets limit
to working processes in the case where the chosen cranes are static tower cranes that
can only work within the radius arm that may or may not cover the whole building

construction area.

Maintenance is required for the cranes. The best way to avoid crane’s
downtime is a regular check-up of cranes. Replacement parts for the parts that always
have problems will need to be in-stock and ready for replacing the broken parts if the
cranes have a normal problem

4.2.3.1. Resource leveling for factory

Apart from onsite cranes, prefabricated concrete factory is considered another
machine to this whole construction processes as the factory supplies prefabricated
concrete walls to the site, and now the process time is cut down by half, the factory’s
capacity needs to be reevaluated. The time the prefabricated walls required to be
on sites are shown in Figure 4.1 as red columns. If the factory were to operate as the
suggested plan, the factory manager will definitely runs into a labors management

problems.
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Factory Resource Leveling
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Figure 4.1 Factory Resource Leveling

With the suggested graph, capacity analysis was performed on the factory. Prior
to the implementation, it was found that detail information of factory planning was
not performed correctly, and some of the plans in factory change due to the
executives’ orders as there were no clear information to defend the order.

The factory at the time had the ability to operate at full capacity of 10 beds a
day; a single house in housing projects requires the average of 11 beds regarding the
types. The townhomes require the same amount of beds per unit, but the construction
process is done block by block. For condominium project, one floor of a building is
equivalent to 4 single houses. With the rate defined, the required construction plan
was worked backward to get the total beds of concrete walls required for the projected
plan for each month. With the construction plan varying from projects timing, different
amount of prefabricated walls were required from the factory as shown in Figured.1.
From all project production plans, it was found that the production will require 8 beds
of production a day to supply the construction sites during the fourteen months based

(see Table 4.3 for detail calculation).
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Table 4-6 Capacity analysis done on the factory

Ja Fe Ma Ap Ma Ju Au Se Oc No Jan'l Feb'l Tota
Month/2013 Jul Dec
n b r r y n g p t v 4 4 L
Plan DRB 3 3 4 4 3 3 4 4 4 3 3 3 3 3
2013 WRB 3 3 3
(in
WR9 4 3 3 2 4 q q q q q q q q q
house)
HPH 16 16 16 16 16 8 16 16 6
TR2 2 2 2 2 2 2 0 0 0 2 2 2 2 2
Stock 6 6 3 0 2
Factory
Productio Plan (house) 6 5 9 24 25 25 24 | 22 16 9 9 25 25 15
n Plan: 26 | 27 | 27 | 26 | 24 | 17 27 262
Plan (bed) 66 55 99 99 99 275 165
[ 5 5 a4 2 6 5 9
1 House= working days 15 25 26 21 25 25 26 26 26 26 26 23 20 23 333
Plan
11 a4 2 4 13 gl 11 10 9 7 ) a4 12 14 7 7.89
(bed/day)
26 27 27 26 24 17 27
Total beds 66 55 99 99 99 275 165
4 5 5 a4 2 6 5
Productio Adjust
n Beds Capacity 14 10 10 10
54 -96 -75 -75 -56 -34 32 -91 -115 19
float(8beds/da S 9 9 9
y)
19 30 21 11 22 13
Accum float 0 137 62 6 -28 4 16 35
9 8 2 3 2 1
New Plan
8 8 8 8 8 8 8 9 8 8 8 8 8 7
(bed/day)

4.2.4. Materials

Because the site project area is very limited in places for stock, Just-In-Time
must be applied to the materials delivered on site, and materials storing management
must be done. The regulation is to have the materials used for the floor delivered to
each floor especially when the work process is in the finishing phase. The site area

during the structure phase is to be set for the prefabricated concrete walls.
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4.2.5. Quality inspections

Quality inspections are already in most of the processes to ensure that there
is no extreme defects occur to cause a stoppage during the construction period. One
standard for every party is another important rule to standardize the quality. One
document is used for contractors, foremen, and QC team to ensure that the quality
checklists are specific on how the work should be. The construction standards already
existed at HPD and were made clear to all the units involved in the construction
processes. Yet, the problems encountered during the inspection processes were the
specifications of the materials used that were not clear for the contractors or the
subcontractors.

4.2.5.1. Clarification on Standards

The problems were found that the specifications from the architects were
either not specific enough such as the thickness of aluminum (a box shape aluminum
was given the dimensions but not the thickness of the aluminums) or the piping brands
or electrical wires that were not specified. With the company’s BOQ unit giving out the
price, specifications were somewhat clear where brands were specified with the note
“or equivalent to.” The quality control unit was given a task to standardize all the
unclear specifications with the extra options to eliminate the “equivalent to” and
minimize the time that the teams spent on dispute of the issue. The examples of
generated standards for specifications are shown in Figure 4.2. (See Appendix C for the

actual standards used without translations).
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Figure 4.2 Standard Specification for Piping
The brands for the materials used were specified with one extra brand in the
case of market shortage. Also, the types materials for types of work were clarified as
well as the people in charged for sourcing out the materials. The same forms were
used by the teams on site both company’s team and the contractors, and the quality
team also use them for the check record. Figure 4.3 is another example of translated

standard specification forms.

PROJECT AN R sty :
HOME TYPE & oo ARG HOMEP LAC E
CHECK BY : HOME PLACE DEVELOPMENT co, ftd
O a 841 Srinakharin Road Scusboung Sourkoung
DATE :, EPISSUNPUSHOTRIRSRIERG] 1 | | | IOy | angkok 10250 T.02-322-1855 Faan 02-322-3056
Standard Specification Checklist for Electrical System H'TH'2014
s UPDATE 17 vigwipu
iy Mstenal size |¢ Class  Brand/Specs - UseNot | PassFail { Responsible
nEre _
1] Mot Sim _lisumnal = - || covEzcmicimar
12 Monc Sz = waena | - - N —
2 | M Eecnic wiing
2. Bectric Wies 105qmm | — Thai-vazakiBangkokCable Centractor
22 Electic Wins 3$8qun [ = — [
3 | MainGromdEecuicalwiing §
3.1 Electric Gromad Wires | 105qmm — | TeivankiBuskiCable Contractor
|l FectricGrowd Wive 16 Sgmm s Lo Beorni®
4 Main G 2 =1 ]
" [ar svemces e W-S0AT| — BTICINO & Coatractor
¥Tu Maiz Cocuit Broskar | 2100 AT - ¥ e ¥ e
5 | Tmide Main Flecric Wiring N =
5| LIGHTING 2.5 Sq.mm - Teai 3 sl | Contracter
fs.; OUTLETS - 258qmm | — i i Yemeia¥
5.} AirConditioning 25Sgmm | - R g
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|55 Newswim Wit [p550m| — Vo

Figure 4.3 Standard Specification for Electrical
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5. CHAPTER V

Results & Discussion

The suggested plans were implemented on the project Bliz condominiums
HPHO02. The results from the implementation show that the time for construction was
shorten as expected. The total days used for the new and suggested construction
process is five months including days off. HPH002’s S-Curve showing Actual and
projected % progress of the project is shown in Figure 5.1. The total construction time
for HPHO002 was 5 months including the holidays throughout the project period, and

from the S-Curve shown, it was clear that the data displays more consistency trend.
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Figure 5.1 S-Curve of the work progress through time of HPH002

5.1. Results Comparison

The result from the Lean implementation at HPHO02 was compared directly
with that of HPHOO1 by matching the time period for the two buildings. HPHOO1 is also
another building in the same project Bliz condominiums with the exact same size and
design In Figure 5.2, the comparison shows that the total construction time improved
greatly. The red lines in Figure 5.2 were the same dates for the two curves that were
matched proportionally. The other comparison was done on the cost difference for
HPHOO01 and HPHO002 (See Appendix C.3& C.4 for S-Curve of Cost for the two buildings)
where total cost reduced from the process changes from 45.84M baht to 44.96M baht.

As mentioned in Implementation Chapter, construction is still a labor intensive
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industry, and by reducing construction time, construction costs do not also drop: the
amount of materials and the amount of craftsman work required for the tasks are still

the same.
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Figure 5.2 The comparison between HPH001 and HPH002

5.1.1. Implementation Evaluations
5.1.1.1. Process Timing Management

The actual number of days per floor was as expected, but the actual timing for
floor-to-floor for structure processes were between 5 to 6 days which is even less than
that of expected. (See pictures of the project’s progress in Appendix A.1). The
implementation was an intensive project management where the working progress was
closely monitored along with extreme resource management including the materials,

the contractors, and HPD’s labors on site as well as strict management on site.

Prior to the implement, the working plan was given to the construction manager
and was rearranged before the final plan for the implementation was approved. During
the implementation, the progress, however, did not fall exactly as planned. For

example, the plan was to have two shifts working for certain teams, but none of the
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labors were fully agreed with the night shifts suggested by the management teams and
the construction manager. After three days with night shifts into the project, the new
plan was regenerated and the little process details were changed. More process
breakdowns were performed on certain tasks including the prefabricated walls
installation. During the planning, one process that was not included in the beginning
was “line plotting.” Line plotting is required to be done before any walls are to be
installed and only two skilled labors are needed for the process. Line plotting can be
done on the same night of concrete pouring day to allow the actual wall installations
be done the first thing in the morning and could still have the prefabricated walls
process done in the same projected days without the night shifts. In lean, it is clear
that the people who do the job know best at what they do. It is important to include

all ideas possible to obtain the best results.

Apart from the changes and controls on the project schedule, the checkups on
the procurements of the project were mandatory. Many of the suppliers for the
company were consistently confirmed on the deliveries or the capability to supply
materials/raw materials for the project’s construction. Ready-mixed concrete was a
good example where one ready-mixed concrete plant has to supply for many
construction sites, the plant specified the exact dates where the whole plant was
locked for certain mega construction projects and would not be able to supply for the
project. With the required dates given to all parties involved, the purchasing
department who is responsible for sourcing the suppliers had to sort out the problems
and made it possible to have the ready-mixed concrete on site on such days. Another
example would be the supplier could not supply the materials/products for the
construction team on time, two solutions derived from the issue include the addition
of suppliers for certain products by purchasing team or the help of time managing by
the construction site manager. The toilet bowl supplier was one of the suppliers who
could not deliver the products in time and the construction site manager, knowing
that there was room for delays if the working processes were readjusted, then worked
out the time rearrangement with the teams involved and sort out the problem

whether the work is by the contractors or the company’s labors.
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The last and most important part in this project management was the human
management: the contractors and the labors. As the numbers of contractors required
were worked out from the HPHO01 mandays, the numbers of the contractors were not
a problem, but it was found that some contractors or subcontractors tend to have an
even higher capability than that specified in HPHO01. Team readjustment had to be
done throughout the process to obtain the right numbers of contractors required. The
other important aspects for contractors management was the inspection processes
and payments confirmations. In recruiting new contractors or subcontractors, the
payment confirmation was doubted by most newcomers in construction businesses,
but HPD’s reputation at on-time payment is known by contractors and subcontractors,
which has helped the construction in recruiting newcomers. Yet, the inspection
processes at HPD tended to drive many contractors or subcontractors away. In
example, the building system (electrical and piping) contractor has 16 installments,
and the work progress has done by far equivalent to the first three installments, and
the work progress is already on the fifth installment process but the tasks in the first
installment was not completely finished, and the inspection team would not pass any
of the payment leading to financial shortage of the contractor. These problems were
resolved through the weekly meeting that was set for all units involved where the

manager who could make a call made a decision for such cases.

For managing HPD’s labors, otherwise, do not involve directly with money, but
more towards the managing the team’s drives and understandings for the goal. Tasks
allocation for each personnel is the key element to best describe the management of
HPD’s personnel for the success of the implementation. Prior to the implementation,
most of the labors would stick to only one job task with the belief that they were
unable to do other jobs. Having to set a structure with learning culture where each
small team has at least one person who has skill for the assigned job tasks, it was
possible for the whole team to learn from that one with skill. The other concept used
along with job allocation was the use of incentives. Not all of the employees are willing
to do certain jobs, such as the jobs dealing with the exterior works or the cement skins

on the edge of the floors especially at the higher floors. The difficulties of the certain
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job tasks were reevaluated during the implementation and the ones that were
considered more difficult for the labors that were reallocated around were given
additional pay for the jobs. With the changes implemented, not only the skills were
given to the labors along with the incentives for certain tasks, but also, the teams’
mindsets were the extra, yet, the best results developed through lean implementation.

5.1.1.2.Teams’ Mindsets

One of the most important changes affected by Lean Implementation was the
people’s mindset: With the new improved processes, people mindset also adapted
with the change. Most of the reactions received from the team prior to the
implementation were the impossibilities of the suggested processes and schedules.
Because the results found throughout the processes were better than the projected
plan, the whole team learned that it was possible to shorten the time by half. Apart
from the beliefs on the possibilities of changes for improvement that were changed,
the whole process has built an even better bond between the team members
especially between the rankings. The people in the operating level become more
comfortable in inputting opinions to resolve problems or when making changes to
processes which sometimes generate the even better solutions.

5.1.1.3. Communication

The meetings were held throughout the construction period as planned. During
the meetings, the goal and project progress were reviewed along with the problems
on site were resolved. The schedules of the projects were checked based on actual
progress and the plans and were presented to the involved parties during the meetings.
In addition to the project schedule updates during the meeting, many problems were
solved from all units including problems from the materials shortage in the market to
the unapproved payments to the problems of contractors’ financial shortage that
needs support from HPD. The problem between the contractors and the inspection
process that was mentioned earlier were raised in the meeting and was resolved case
by case and only a few exceptions were given by the top manager who attended the
meeting to the contractor due to the large amount of money that the contractors had

put into the work and the financial difficulties could have caused the stoppage in the
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total progress. The other issues include the suppliers’ problem of late deliveries that
were managed and resolved by the purchasing team right away.

The information sharing was well improved between the teams during the
implementation which helped lessen the unnecessary clarification and discussion
processes that were in place prior to the change. The new standard for the unclear
specifications was one of the information sharing that was performed. With one
standard/one form for every party, the issue of having to clarify specifications almost
disappeared. This leads to new findings that the problems found before that had
caused the unresolved issue inspection teams and the subcontractors/contractors
were from the materials/raw materials. Certain shapes of materials were impossible to
be manufactured exactly as the design concepts, of such problems, the coordinators
brought back the specification to discuss the change required with the design team.
The finding of the problems, the discussion, and the change was the working loop that
had occurred from this implementation which helped smooth the processes not only
within this project, but all of the projects.

5.1.1.4. Information System

The data management also facilitated the path to the improved
communication between the teams. The software fittings were performed before the
implementation, throughout the implementation, and even after the implementation.
The improvement was found as the data input were more consistent as shown in
Figure5.2. The same information generated from the software and database was used
in and out of the meetings throughout the processes. Once everyone holds the same
information, the communication between teams became even more effective and
efficient.

5.1.2. Leadership

The implementation would not be successful without great leadership in the
team members. “Leadership” was not referred only to the executives or the top
management team, but rather is a characteristic that is found in any person in a team
from the top management down to the operator level. It refers to someone who

understands the goal, knows the path to the goal, and influences and support the
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others to reach the goal altogether: "a process of social influence in which a person
can enlist the aid and support of others in the accomplishment of a common task."!

The leaders in all the units must be aware of the change, adapt early to the
change, and lead and influence their teams towards the goal. They must have keen
vision on what could be done and what are the precautions when changes are
implemented. When any process is to be reduced in time, or to be shifted up in the
working sequence, the leaders must know the possibility when making the change;
they must understand the overall circumstances of the project on both the process
and the people working nature.

During the implementation one of the great leaders were found from the
management level, such HPD’s mangers and the contractors, to operator level, such
as the team leader of the prefabricated walls installation team. The construction
department manager had made clear the goal and direction of the change required
for the whole process and committed to the suggested plans with the follow ups on
changes made throughout the processes. Not only did he make clear on the objective
and commit to the change, he also had the ability to influence other more seniors in
the project on the possibilities of the change using the theories to support and the
skills of encouragement and involvement. In construction culture, the seniorities had
played a big role to hold back the changes in any organization, and newcomers without
the ability overcome the intimidation from the seniors tend to not being able to fit in
and most of the time leave the company on their own. The construction manager was
discussing most of the processes with the people who have direct responsibility and
had been giving out clear goals with the milestones to check the progress. The most
important part was the perceptions towards the team were twisted; during the
implementation, the working processes were identified as the problems rather than
the responsible person.

The other leadership characters were found when the wall installation team
leader suggested the change for the suggested process flow and schedules. Most of
the time, the people in the operating level in Thailand tend to not suggest any change
with the belief that their suggestion would not benefit the company as much. By having

courage to challenge the approved plan was the right thing to do if it could improve
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the process for the overall team. However, if the project site manager did not listen
and utilize the given suggestion, the overall results found may not turn up as it did.

5.1.3. Uncontrollable Variables

With the research being a comparative type, it was essential to keep the
conditions of the two comparing construction for the two buildings be as identical as
possible. The two buildings, HPH001 and HPHO002, locate within the same project and
the two construction periods were both in the same timeline of production, and thus,
the weather should not be the problem to this research. The variables that were
considered to affect the comparative results were controlled. Nevertheless, the
uncontrolled variables were still found mostly from external factors that affected HPD
directly including the capabilities of subcontractors/contractors, the effect from the
economy, and the policies from the government that affect the cost or the shift in

labor pools.

When the processes were shorten down, the teams required to keep the pace
of the new plan also increased proportionally. The contractors and subcontractors
were the two obvious skilled labors to require for the implementation. There were
new contractors/subcontracts that were recruited were not evaluated on their
performances and quality of work. The two problems encountered were new
subcontract who could not deliver the work on time left in the middle of the project
and the work delivered had cause the after service work. For the case that caused the
after service work was the aluminum work of two units where the subcontractor was
new to HPD and left in the middle of the project because he could not generate the
products up to HPD’s standard. The problem found was the leak between the walls
and the aluminum frames which later was found that the subcontractor inserted a
material between the wall and the frames because they could not make the frames
as exact as the other subcontractors. The system to control the
subcontractors/contractors are currently being improved at HPD to ensure that the

construction work will not create more work for the after service team.
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Another factor to the construction was the economy during the process. The
constructions are affected somewhat by economy. The labors, the material suppliers,
and the funding are the indications: During the good economy, the construction is
booming, the shortage of labors and the materials’ lead-time start to show while the
funding was never a problem. However, once the economy starts going down, the
funding was first cut, then more available labors and the shorter lead-time of materials
follow. At HPD, the labors are hired on a daily contract and it is possible that the labors
can leave on their wills when they find a company with better pay. During the
comparing periods of HPH001 and HPHO02, there were less numbers of in-house labors
during HPHO02 and the project manager had to resolve the problems to deal with

subcontractors with a lot of labors to do the basic work and to pay by mandays.

The last uncontrolled variable that affected the construction during the period
was the Government’s policies. Minimum wage and the foreign labors allowance
policies directly affect the project in the strategy and the cost. As labors account for
35% of the construction cost which is 30% of project revenue which the actual labor
cost account for 10.5% of the revenue. When the minimum wage increased from 265
baht to 300, which is 13% that directly raised the cost in the bottom line by1.38%.
The new minimum wage caused the company to set new strategy including lean
implementation to ensure that the cost would not overrun. Another government
policy was the AEC’s labors allowance policy which allows the labors from AEC country
to come work in Thailand. There are agents to directly find the labors and have them
contracted directly with the company when more labors are in need. HPD decided to
contract foreign labors as they require more labors for the work, but the labors brought
in by the agency were unskillful and do have problems of staying. Only 30% of the
total labors lasted until the project was over. These are the examples where the
external factors could affect the strategy or the resources of the company, and yet,

cannot be controlled.
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5.1.4. Risk Mitigation

With the examples where the controls were not plausible, risk evaluation and
mitigation was performed to find the solution for certain situations. When the project
was shortening down, one of the decisions made was to fix the contract prices for
certain jobs to ensure the cost would not increase throughout the processes. When
HPHO02 was in process the same as HPHOO1 contract pricing was used. However, in
the cases of the labor shortage where HPD ended up hiring foreign labors and 70% of
the newly hired could not stay and could affect the labor management at HPD, the
risk was mitigated by negotiation with the contractors with a lot of foreign labors who
are capable of supplying labors and deal with HPD based on the actual mandays they
labors work. The risks identified in procurement processes were also mitigated by
negotiating the timing and rescheduling the delivery time. Most of the risks could be
mitigated by information sharing and communication, and even with external factors

that could still affect the project, the risks would be minimized or mitigated.
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6. CHAPTER VI

Conclusion & Recommendation

6.1. Conclusion & Recommendation

Throughout the research of Lean implementation for construction time
reduction, construction time for an 8-storey condominium project was reduced from
9 months to 5 months. Homeplace Development Co.Ltd is a real estate developer in
Thailand to produce houses, townhomes, and condominiums for sale with its own
fabricated concrete wall factory to supply for all the projects. Prior to the
implementation, HPD had already been exposed to concepts of Lean where the
construction process for housing and townhome projects were adjusted into one-
house flow and one block flow concept, which is analogous to the one-piece flow
concept in Lean. The condominium projects, however, was not HPD’s expertise in
production system. The condominium projects accounted for 20% of the total projects
in the past 3 years on average. In the past two years, HPD had experienced the delays
in schedules for two of the condominium projects. Along with the minimum wage
policy imposed by the government in 2012 into 2013, the executives foresee the
possibility of cost overrun and the opportunity cost that HPD lost from the delays in
the condominium projects because each condominium projects has a sunk cost during
the construction period where there is no profit inflow of cash.

Construction department had utilized the concepts of Lean to the existing
construction processes for low-rise condominium. The implementation was done on
the Bliz condominium project where one of the two buildings with exact same designs
and requirements was Lean implemented in the processes (HPH002), and the other
building was built with the existing conventional processes (HPHO01). The construction
time reduction was the main focus in the research and S-curves for the two buildings

will be compared.
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In order to begin the implementation, the individual processes were listed out
and categorized into three focuses including the project management, Lean, or the
information system. Cause-and-Effect analysis (fishbone diagrams), critical path
analysis, value-stream-map were tools used in process revision stages. The roadmap
for the implementation was generated from the cause-and-effect analysis as a

guideline for the implementation (See Table 3.1).

Following the roadmap, the work processes breakdown was performed, and
critical processes were defined and revised. The concept of ECRS was used as a tool
for the process revision where certain tasks were rearranged in resources to reduce
time, and the certain tasks were simplified by material substitution and there was also
a task that was eliminated.

With the new processes derived, the total processes, including underground
work, without any delay was expected to be 200 working days which is equivalent to
7 months and 20 days was then expected to lower to 4 months and 16 working days.
For HPHOO1, floor-to-floor, such as concrete pouring floor 1 to concrete pouring floor
2, requires 14 days and 35 days of finishing processes for each floor following the
structure processes. With the new processes for HPH002, the speed for floor-to-floor
is 6 days and the finishing processes are down to 25 days. By having the structure
processes recurring of 9 floors including rooftop floor, the reduced time for the total
working days of at least 72 (9 floors x 8 days reduced) working days on structure
processes and10 more days for finishing process, which makes the total working day
lower by 82 days equivalent to 3 months working period .

Once the new processes were derived, the capacities were then re-analyzed to
comply with the new time limitation, the less time, the more condensed the resources,
the more resources per day required. Mandays were calculated and worked similarly
to takt time to calculate the capacities required for the suggested processes. The
resource leveling was also done in details to ensure that the prefabricated walls will
be ready in-time during the construction period of HPHO02.

Additionally, communication within the team was readjusted to have more

information sharing between the teams to help reduce the unnecessary discussion
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that will cause a stoppage to the construction. The regular meetings were unchanged
but one full team meeting was added on to bring in all of the teams involved to
resolve the problems on site every week. The specification standards for the raw
material used on sites were also clarified between the subcontractors/contractors, the
construction site managers, and the inspection team where one same standard form
is held by every party involved.

Apart from the project management phase with lean utilization, the information
system of the company was also reevaluated. Information system at HPD acted as a
backbone for the information sharing. The software fitting was done for the whole
team the data input became more accurate and the same and updated information
were used by every unit, which yielded a higher efficacy in coordination within the
team.

With the implementation throughout the construction, the total construction

time was reduced to 5 month time. (See Figure 6.1)
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Figure 6.1The Comparison between HPHO01 and HPHO02 (Figure5.2)

In Figure 6.1, the working progress versus time curves for the two exact same
buildings with one being the conventional construction process (HPH001) and the other

one being the lean implemented processes (HPH002) are presented. The time was
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clearly lowered as expected. The implementation was successful as the suggested
plan were followed and adapted for some changes for better. The project was not
only planned, but well controlled thoroughly. The effective communication and
clarification on standards also helped smoothing out the implementation along with
good leadership skills that are found in the team members from all level.

The other comparison was done on the cost for HPHO01 and HPH002 where
total cost was reduced from the implementation from 45.84M baht to 44.96M baht.
As mentioned earlier that construction is still a labor intensive industry, and by
reducing construction time, construction costs do not also drop: the amount of
materials and the amount of craftsman work required for the tasks are still the same.
By having a lot of the material prices and the contractors pricing fixed, the total cost
was not expected to be lowered. The 2% cost reduction was from the processes
adaption where the tasks were subcontracted to the subcontractors/contractors and

certain costs were fixed.

Only 2% of the overall cost was reduced from the change, but with shorter
construction time leading to shorter time to sales, and payback time to the bank, and
thus, lead to lower amount of interest from bank loan. The time of 4 months reduction
was a significant result from the implementation. The shorter period for construction
gave the executives a new idea for operating the company as a whole and the idea of
increasing the profit bottom line profit when investing on condominium projects.

As the construction time for one 8-storey building is shorten from 9 months to
4 months, the executives found that by increasing the turnover for one project can
double the profit of that extra time for the extra building. A shelf-life of products in a
supermarket is a clearer example for this turnover event: If you sell chocolate bar at
a price of 15. With similar logic, for one condominium project selling 79 units, with the
profit of 15M, if you can have two projects finished instead of one project time, then

you can possibly double the profit with the same amount of time.
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6.2. Recommendations

Lean implementation is customized for every organization. When implementing
lean at HPD project on its construction processes for time reduction, the culture of the
company must be clearly understood along with clear working processes must be
defined. The concepts and steps utilized in this research may be used as a guideline
to processes improvement, not only in construction processes, but also the other
manufacturing processes with further adaption. The most important to the lean
implementation was the clear vision and objectives along with good understanding of
concepts and existing processes and the communications within the teams.

The turnovers obtained from the implementation could be further study for
the construction projects that could apply this research to. If the turnovers concepts
were to be applied to construction or to real estate projects owned by developers,
the obstacles and the processes beyond the construction should also be included to

yield a total package to allow the successful turnovers for real estate products.
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APPENDIX A.1: Examples of Prefabricated Houses and construction processes

(Source: http://www.homeplace.co.th)
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APPENDIX A.2: Implementation Working Progresses
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APPENDIX B.1: S-Curve for HPH001 — Actual VS Projected Plan
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APPENDIX B.3: S-Curve for HPH001 — Actual VS Projected Cost

s e T a v w
UIBN 'laumaa @raaaiidun 91na

ns BQ

Tasoms:  ube ouleiidioy wienw 8- Waminn - fa:  4PH001  BQ: 45.847.253.45

3 /
; / +80
L A -[’- + Actual
; - e i A
» ) 4 A
; Wz
_ o c
: o/
: = A
< P i 4
gt I AV 4
s e
A
25/08/13 15/09/13 06/10/13 27/10/13 17/11/13 08/12/13 2912113 19/01/14 09/0214 02/03/14 23/03/14 13/04/14 04/05/14 25/05/14 15/06/14 06/07/14 27/07/14
———————
Appendix B.4: S-Curve for HPHO02 — Actual VS Projected
it loumaa dnasaduini S1ia
nsmul3suiiioy BQ uazdunuiiaeis
Tawons:  uie nouladidion weenw 9 - Wmnn - fo: HPH-002 BQ: 4496483573
T
[ ¥
q +8Q
B /)_‘ + Actual
= i
7
=
7L
_L_ s .
V44
P
“ 7
U USM213 | 291213 | 120114 | 260114 | 090214 | 230214 O0NTA | 230314 0604ITA | 200414 | OAIOSI14 | 1800514 | 01064 | 150614

TCPMORIE 1At 13073



APPENDIX C

63



APPENDIX C.1: Standard Specification Front Page
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5. Standard Specification for Aluminum
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APPENDIX C.2: Standard Specification for Piping
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APPENDIX C.3: Specification for Electrical work
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APPENDIX C.4: Specification for Steels work
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APPENDIX C.5: Specification for Gypsum and Smart Cement board work
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APPENDIX C.6: Specification for Aluminium
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