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ABSTRACT

Thermal comfort is one of the aspects of building performance which is primarily
influenced by the building envelope, a primary concern in passive design strategies
for buildings. A pilot study towards green value generation is being undertaken as a
form of lean architectural practice using a design science approach along with the
traditional production science mode. The role of the architectural technologist
currently is not conceived within the value chain of the architectural practice in
Malaysia. This paper focuses on the aspect of developing a sustainable hybrid wall
material aimed at increasing the indoor air comfort levels in low-cost terrace housing
(LCTH) in Malaysia, particularly in terms of thermal comfort. The concept of green
is conceived within the enviropreneurial value chain leading to a reduction of cost - a
primary concern of LCTH. The analytical device of “competency” is used to realize
enhanced value generation for sustainability attainment, viewed as an expanded
notion of production within building design. This situated practice of the researcher in
the role of a Lean Architectural Technologist in the pilot study is conceived as being
able to address the missing gap within Lean Sustainability Attainment initiatives.
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INTRODUCTION

In recent years, scientists and the public have shown greater concern regarding indoor
air quality of buildings, since most people spend more than 70-90% of their time
indoors (Sharpe, 2004; Triantafyllou, et al., 2007). Buildings are less able to maintain
the indoor environment comfort levels without mechanical air conditioning. It is clear
that one of the major current approaches for reducing the scale of air conditioning is
the application of thermal insulation in walls and roofs. Building occupants
increasingly tend to use air conditioners to achieve comfortable indoor environment
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in tropical climates. The overreliance on mechanical systems for health and comfort
level contributes to increasing the energy consumption in residential buildings (Uno,
etal., 2012).

The design of affordable houses in Malaysia take many factors into account,
however the design often fails to satisfy basic levels of spatial needs and thermal
comfort (see Figure 1 and Figure 2). Due to their poor thermal design, they often
overheat during the day and can be too cool during the night (Tinker, et al., 2004).
Previous studies (Hanifi, 1991; Madros, 1998; Ibrahim, 2004) have also indicated that
the thermal design of low-income affordable housing could be ineffective.
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Figure 1: Ground floor plan of LCTH
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Figure 2: First floor plan of LCTH
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COMMON BUILDING PERFORMANCE STRATEGIES

In reviewing extensive literature, it is evident that generally designers who try to
develop and implement new materials for building performance tend to focus on
resolving single objective solutions, hence creating a lacuna for addressing practical
solutions that need a multi-objective approach. A major contention of this paper is
that the non-existence (the gap that needs to be addressed) of professionals such as
the Architectural Technologist (AT) has contributed to a lack of implementation of
solutions based on multi-objective decision making in generating green value in
Malaysian LCTH. This paper is part of a pilot project whereby the researchers take on
the role of an AT, more so oriented towards that of a Lean AT. The primary concern
here is to address the much neglected sustainability characteristics, primarily that of
environmental and economic sustainability, rather than solely focus on the physico-
mechanical characteristics in the development and selection of wall materials.

Several researchers have investigated various building performance strategies to
improve indoor air comfort levels through passive design. Feng (2004) points out that
to design energy-efficient buildings, design variables and construction parameters
need be optimized. Consequently, the initial step in addressing the low indoor
comfort levels is to identify the design variables that are directly related to heat
transfer processes. In reviewing the work of Stevanonic (2013) on various research on
design parameters for heating/cooling load and thermal comfort, it is evident that
there is lack of research aimed at improving thermal transmittance values (U value) of
wall material. Ekici and Aksoy (2011) summarized the parameters that affect building
energy requirements as in Table 1 below.

Table 1: Building energy requirement parameters (Ekici and Aksoy, 2011)

Physical Environmental parameters Design Parameters

Daily Outside temperature (°c) Shape factor
Solar Radiation (W/m?) Transparent surface
Wind Direction and Speed Orientation

Thermal—physical properties of building materials
Distance between buildings

RETHINKING BUILDING PERFORMANCE STRATEGIES FOR ACHIEVING
THERMAL COMFORT LEVELS

Malaysia is located within the Equatorial Zone and therefore its climatic temperature
is generally stable throughout the year, ranging between 27°C and 32°C during the
day and 21°C and 27°C during the night. There are large variations in rainfall but
relative humidity is high throughout the year, at about 75% (Tinker, et al., 2004). It is
noted by Wahab and Ismail (2012) that hot and humid air is likely to be trapped
indoor for the whole day which causes increase in indoor temperature. However, in
comparison, the outdoor environment is relatively more comfortable for at least 14
hours per day. It is evident that even the minimum 10% opening size with respect to
the floor area requirement under the Uniform Building by Law 1984 is unable to
address the problem of high indoor air temperature. Hence, rather than resort to active
cooling mechanisms, the focus here is to address the avenue for replacing
conventional building envelope that have high U-values.

848 Proceedings IGLC-23, July 2015 |Perth, Australia



GENERATING VALUE AT PRECONSTRUCTION: MINDING THE GAP IN LEAN
ARCHITECTURAL PRACTICE

Designers predominantly pay less attention to seek out “better” constituent
materials. Thus, the use of traditional construction materials such as clay bricks
continue to dominate as primary wall material in LCTH projects and this affects the
sustainability aspect of such projects. This is viewed here as ‘sustainability
negligence’ in the selection of materials. In the Malaysian construction industry,
materials selection according to specification is not currently assigned to being within
any specific management portfolio. It is argued in this paper that there needs to be a
clear sense of responsibility accorded to the Architectural, Engineering and
Construction (AEC) team in the specification, selection, handling, storing and
application of materials under the broad category of technology management. There
is an urgent need for bridging the gap in construction practice between design and
green technology management which can be fulfilled by the architectural technologist.
This gap in construction practice is viewed as an issue dominated by the lack of
competence in green innovation within the AEC team.

ROLE OF LEAN ARCHITECTURAL TECHNOLOGIST

Positioned between conceptual design and production, the AT forms a creative link in
the value chain (Emmitt, 2009). Concerned with the technical side of design, they
ensure that an attractive functional building performs successfully. They make sure
the right materials are used and that building regulations are met. They also monitor
quality assurance, costs and deadlines and will help to lead projects from conception
through to completion. One of the important tasks of AT is to recognize how the
design aspects of a construction project influence and relate to performance and
functional issues so that practical questions can be addressed at the outset.

AT is an emerging profession, the role of the AT has changed and developed as
building design and construction has become more specialized (Emmit, 2013). The
Royal Institute of Architects Ireland regards “the professional AT as a technical
designer, skilled in the application and integration of construction technologies in the
building design practice”. The role of the AT is scoped under the field of architectural
practice. But, then how can an AT specifically function within the confines of the
concept of affordable homes? It can best be achieved by working in a design science
mode that is underpinned by an enviropreneurial value chain (EVC) enhancement
philosophy (described briefly under the methodology section of this paper). Design
Science is an inventive or creative, problem solving activity, one in which new
technologies are the primary products (Rocha, et al., 2012).

Following Rooke, et al. (2007), in their attempt to extend lean production theory
to examine the production of organization, this paper is an attempt to extend lean
production theory to examine the production of design by focusing on ‘competencies’
or ‘abilities’ as the prime analytic device for understanding operational flows for
generating improvement innovations, specifically green innovation in LCTH. Here,
the competency of the AT is viewed as the critical link in generating added green
value within the analytical framework of operation flows which centers on the worker,
as originally proposed by Shingo (1988). Additionally, in the case of LCTH it is also
important to focus on keeping costs down.

Researchers have identified the use of Lean Construction Principles to increase
environmental benefits (Huovila and Koskela, 1998; Horman, et al., 2004; Luo, Riley
and Horman, 2005; Riley, et al., 2005; Lapinski, Horman and Riley, 2006), focusing
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on waste elimination, and pollution prevention and value maximization for customer.
Attempts to be green without being lean is seen as a contradiction. Lean practices can
be more readily adopted in a construction project at design phase to reduce costs and
enhance sustainability by leveraging on the EVC concept, to be undertaken by the
LAT. EVC attributes can lead to reduction in cost in the process.

This paper focuses on the concept of maximizing value from a passive design
strategy in terms of the building envelope, particularly that of wall material; a much
neglected area of focus amongst lean researchers - the missing link within current
lean design practice and research that does not favour a design science approach.
Additionally, the aim is to eventually steer current initiatives involving non-LCTH
projects away from traditional practice towards lean green building design in
Malaysia. Currently conventional design is reviewed and amended to cater for
sustainability features at the post-design phase. This is practiced by Green Building
Facilitator (GBF) teams in Malaysia to propose enhanced green attributes to the
existing design to achieve Green Building Index certification. This approach is solely
transformational, without emphasis on the flow theory of production and value
generation theory of production. Hence, the relevant competencies of a number of
individuals from architectural practice, quantity surveying, mechanical & electrical
engineering etc. of the GBF team is proposed in this paper as being centered under
one portfolio in lean green building design practice, within that of the LAT.

GREEN R&D WITHIN PRODUCTION ENVIROPRENEURIAL VALUE CHAIN

A green value chain refers to the lifecycle of a product beginning with the initial
sourcing, through research and development (R&D) and production, all the way to the
final recycling of waste and product abandonment. Porter (1985) pointed out that the
most important target of a firm is value creation, and any series of complex activities
aimed at creating value forms a value chain. This is because clients must believe that
the real value of a particular product or service exceeds the amount on the price tag
and the price is always set beyond the cost of production, it is a firm’s priority to
improve the perceived value of a product or service and reduce the cost of production.

“Action Paint” Green R&D Cyclical Process
For Achieving Green Value by Lean Architectural

Technologist (LAT)

Construction
Materials & Equipment

aNTvA aaaav

Architecture Construction

Interior Fit-out /

Interior Design Interior Materials

an[eA usalo paziwndo

Figure 3: Role of AT in green building design value chain for LCTH
(Adapted from Doery, 2009)
The LAT is seen as key player in the green building value chain based on operational
flow perspective, providing the much needed technical support for green value
creation in the design and construction process (see Figure 3). The Lean AT will
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identify “action points” for modifying the traditional linear value chains to achieve
optimal green value for the client working to provide green solutions using a design
science research (DSR) methodology underpinned by the EVC approach, whilst also
serving to supervise the implementation at the construction phase. Following Kung,
Huang and Cheng (2012), the green value chain consists of six major aspects: green
sourcing, green R&D, green production and manufacturing, green marketing, green
promotion and education, and recycling.

Hartman and Stafford (1988) point out that the traditional linear value chain is
based on the assumption of closed-loop resources, whereas the green value chain
emphasizes a closed-loop process involving the production and use of high-value
products, based on the concept of EVC. Here, additionally the value chain is viewed
within business processes. The implementation of EVC attributes can lead to
reduction in cost in the process, a vital moot point in the initiative of the Lean AT to
minimize cost and waste whilst maximizing green value for LCTH in Malaysia.

RESEARCH METHOD

The methodology used is a design science methodology alongside the traditional
production science approach. The analytical device is that of “competency”. As
architects are generally focused on form over function, it is argued here that their
architectural practice could benefit by being complemented with the role of the AT.
The attempt here is to maximize value through the value added competency of the AT
in undertaking Green R&D. The role of the researchers in this pilot project is
fundamentally seen as taking on the role of the Lean AT in using a design science
approach to develop a hybrid wall system for improving indoor thermal comfort
levels centred on design flows and green value creation.

The AT has to play important role in consultation with the designers in
implementing passive and active design strategies during the design stage. As per
Malaysian context, it is evident that AT whose role includes the contribution to the
value chain to generate green value (in terms of thermal comfort) is non-existent.
There is an urgent need for professionals who can address deficits in functional
building performance attainment, especially during the pre-construction stage of a
project to be emplaced in the construction value chain process. This role is proposed
as best served within the broader context of Lean Architectural Practice. It is
proposed here that in order to achieve green without being lean is a contradiction.

CONCEPTUAL FRAMEWORK FOR IMPROVING THERMAL COMFORT

Design science research (DSR) approach is adopted by the LAT within the perimeters
of enviropreneurial value chain (EVC) processes aligned towards lean practices of
minimizing waste and maximizing value. DSR aims to solve practical problems while
also providing a theoretical contribution. The EVC process analysis attributes and
lean practices provide the contextual rules for green R&D whilst keeping cost low. A
system development research process (a subset of design science) is being adopted
which was proposed by Nunamaker, Chen and Purdin (1991) for systematic problem
solving. The system development research process is composed of five stages or
activities (with backtracking) including: (1) construct a conceptual framework, (2)
develop a system architecture, (3) analyse and design the system, (4) build the
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(prototype) system, and (5) observe and evaluate the system. Fig 4 shows the
conceptual framework for solving thermal comfort problems in low cost terrace
housing (LCTH).
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Figure 4: Conceptual model for developing a solution for thermal comfort in low
cost terrace housing (LCTH)

U value of opaque envelope system in Malaysian houses vary from 1.0 to 4.0 W/m? K
and overall thermal transmittance value (OTTV) limit for wall in Malaysia is 45
W/m? K. Typical U-value of brick and concrete walls used in Malaysia is 2.15
W/m?K (Saidur et al., 2009). European standard EN832:2000 states that, depending
on the location and climate, walls should be made of material with a heat transfer
coefficient of 0.4-0.7 W/m? K, the lower the better. This proposed hybrid wall is
currently in the initial stage of development. The R&D conceptual framework for
this research is shown in Fig. 4, aimed at developing an appropriate green hybrid
building wall material to replace the high U value traditional wall material that
mainly consists of bricks and mortar (see Fig. 5).

External Wall Internal Wall

C-Valoeof
Floar (001
W' K)

Figure 5: Cross-section of current wall system in LCTH and their U values

Certain types of waste materials are being explored for their respective thermal and
mechanical properties, namely rubber crumbs, powdered glass, fly ash, oil palm fly
ash and textile waste - which in hybrid combination can have low thermal
transmittance value as compared to conventional materials. This is initially being
simulated based on mathematical modelling using MATLAB. Selecting waste for
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utilization is complex as some of the waste material can have adverse effects due to
their undesirable characteristics. Foreseeing this issue a combination of materials are
to be chosen so that the final product should not compromise on green value. Green
materials do the most with the least, and fit most harmoniously within the ecosystem
process; also helping to eliminate the use of other materials and energy whilst
contributing to the attainment of a service-based economy. The hybrid material
prototype will be modelled based on a multi-criteria decision making model.

COMPETENCY CONCEPTUAL FRAMEWORK FOR
GREEN VALUE OPTIMIZATION

In using the analytical device of competency from a design science and production
science perspective, a conceptual framework for green value optimization is
forwarded (see Figure 6). Wherein, the ‘technical skills’, ‘technical knowledge’ and
‘enviropreneurial value analysis’ that come under the design science and production
science category are attributes of competency. Here, the LAT will work alongside the
architect after the preliminary design phase to optimize green value within the
broader enviropreneurial value chain underpinned by lean design principles.

Enviroprenurial Value
Analysis

Technical  Skill Green value added Design

Specification Science
(Materials/
systems)

— LAT —

Technical Knowledge

| Architect . final Working
Drawings

Lean Design Principles

Technical Skills Preliminary N Production

Design Science

—>  Architect

Technical Knowledge

Figure 6: Competency conceptual framework for green value optimization

CONCLUSION

This paper acknowledges that there is increasing relevance of Lean to the broader
construction process, and the need to apply extended lean production theories to the
design process, specifically in contributing to the green value chain. Hence, it is
contended here, that the role of the LAT can serve to establish more clearly this
relevance by applying the TFV view to design. Here, the research strategy is to solve
the practical problems from a design science approach underpinned by lean principles
and enviropreneurial value chain attributes. As the focus in this case is on low cost
terrace housing (LCTH), the development of the hybrid wall material will not only
have the requisite thermal properties, but strong sustainability performance criteria
and a cheaper option, done by incorporating locally available cheaper materials.
Hence, a mapping for sourcing of such materials within Malaysia will be produced
based on secondary data to facilitate the implementation of this green hybrid wall
concept. It is proposed that universities in Malaysia be the Lean Architectural
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Technology Centres, the hub of this Green R&D, with university researchers taking
on the role of the LAT.

The inputs given by such a dedicated professional who can create the “pull” factor
based on flow theory of production for value-added building design and product
features can fill the vacuum between conventional design strategies and dynamic
sustainable development agendas. Herein, referred to as a competency gap, within the
green building value chain - a glaring disconnect within Lean Architectural Practice.
Certain crucial inputs such as use of green materials, insulation, natural ventilation,
etc. to create better indoor environment eventually adds value to end users in terms of
functionality.

REFERENCES

Rocha, C. G., Formoso, C. T., Tzortzopoulos-Fazenda, P., Koskela, L. and Tezel, A.
2012. Design science research in lean construction: process and outcomes. In:
Proc. 20" Ann. Conf. of the Int’l. Group for Lean Construction. San Diego CA,
USA, Jul. 18-20.

Doery, M.P. 2009. The China greentech report. China greentech initiative analysis.
[Online] Available at: <http://china-greentech.com> [Accessed 15 March 2015].
Ekici, B. B. and Aksoy, U. T. 2011. Prediction of building energy needs in early stage
of design by using ANFIS. Expert Systems with Applications, 38(5), pp. 5352-

5358.

Emmitt, S., 2009. Architectural technology: research and practice. Chichester, UK:
John Wiley-Blackwell and Sons.

Emmitt, S., 2013. Architectural technology: research and practice. Chichester, UK:
John Wiley-Blackwell and Sons.

Feng, Y. 2004. Thermal design standards for energy efficiency of residential
buildings in hot summer/cold winter zones. Energy and Buildings, 36(12), pp.
1309-1312.

Hanafi, Z. B. 1991. Environmental design in hot humid countries with special
reference to Malaysia. PhD. University of Wales.

Hartman, C.L. and Stafford, E.R. 1988. Crafting ‘enviropreneurial’ value chain
strategies through green alliances. Business Horizons, 41(2), pp. 62-72.

Horman, M. J., Riley, D., Pulaski, M. H. and Leyenberger, C. 2004. Lean and green:
Integrating sustainability and lean construction. In: Proc. of CIB World Building
Congress. Toronto, Canada, May 2-7.

Huovila, P. and Koskela, L., 1998. Contribution of the principles of lean construction
to meet the challenges of sustainable development. In: Proc. 6™ Ann. Conf. of the
Int’l. Group for Lean Construction. Guaruja, Brazil, Aug. 13-15.

Ibrahim, S. H. 2004. Thermal comfort in modern low-income housing in Malaysia.
PhD. University of Leeds.

Kung, F.H., Huang C. L. and Cheng C.L. 2012. Assessing the green value chain to
improve environmental performance. International Journal of Development
Issues, 11(2), pp. 111 — 128.

Lapinski, A.R. Horman, M.J. and Riley, D. 2006. Lean processes for sustainable
project delivery. Journal of Construction Engineering and Management, ASCE,
132(10), pp. 1083-1091.

854 Proceedings IGLC-23, July 2015 |Perth, Australia


http://china-greentech.com/

GENERATING VALUE AT PRECONSTRUCTION: MINDING THE GAP IN LEAN
ARCHITECTURAL PRACTICE

Luo, Y., Riley, D. and Horman, M.J. 2005. Lean principles for prefabrication in green
design-build (GDB) projects. In: Proc. 13" Ann. Conf: of the Int’l. Group for Lean
Construction. Sydney, Australia, Jul. 19-21.

Madros, H. 1998. Comfort level in low cost housing in Johor Bahru. In: Proc. of
Conference on Low and Low-Medium Cost Housing Development. Sarawak,
Malaysia, Jul.9-10.

Nunamaker, J.F. Jr., Chen, M. and Purdin, T.D.M. 1991. Systems development in
information systems Research. Journal of Management Information Systems, 7(3),
pp. 89-106.

Porter, M.E. 1985. Competitive advantage: Creating and sustaining superior
performance. New York, NY: The Free Press.

Riley, D., Sanvido, V., Horman, M., McLaughlin, M. and Kerr, D. 2005. Lean and
green: The role of design-build mechanical competencies in the design and
construction of green buildings. In: Proc. of Construction Research Congress. San
Diego, California, USA, Apr. 5-7.

Rooke, J., Koskela, L., Bertelsen, S. and Henrich, G., 2007. Centred flows: A lean
approach to decision making and organisation. In: Proc. 15" Ann. Conf. of the
Int’l. Group for Lean Construction. East Lansing, Michigan, Jul. 18-20.

Saidur, R., Hasanuzzaman, M., Hasan, M. M. and Masjuki, H. H. 2009. Overall
thermal transfer value of residential buildings in Malaysia. Applied Science, 9(11),
pp. 2130-2136.

Shingo, S., 1988. Non-stock production: the Shingo system for continuous
improvement, Portland, OR: Productivity Press

Sharpe, M. (2004). Safe as houses? Indoor air pollution and health. Journal of
environmental monitoring, 6(5), pp. 46-49.

Stevanovi¢, S., 2013. Optimization of passive solar design strategies: A review.
Renewable and Sustainable Energy Reviews, 25, pp. 177-196.

Tinker, J. A., Eng, C., Ibrahim, S. H. and Ghisi, E. 2004. An evaluation of thermal
comfort in typical modern low-income housing in Malaysia. In: Proc. Ann. Conf.
of American Society of Heating and Air-Conditioning Engineers. Tennessee, Mar.
15-17.

Triantafyllou, A. G., Zoras, S., Evagelopoulos, V. and Garas, S. 2008. PM10, O3, CO
concentrations and elemental analysis of airborne particles in a school
building. Water, Air, & Soil Pollution: Focus, 8(1), pp. 77-87.

Uno, T., Hokoi, S., Ekasiwi, S. N. N. and Majid, N. H. A. 2012. Reduction of energy
consumption by AC due to air tightness and ventilation strategy in residences in
hot and humid climates. Journal of Asian Architecture and Building
Engineering, 11(2), pp. 407-414.

Wahab, I. A. and Ismail, L. H., 2012. Natural ventilation approach in designing urban
tropical houses. In: Proc. of /nt’l. Conf. of Civil & Environmental Engineering for
Sustainability. Johor Bahru, Malaysia, Apr.3-5.

POSTERS 855



	Proceedings of IGLC23
	23rd Annual Conference
	of the
	international Group
	for
	Lean Construction
	Global Knowledge – Global Solutions
	Conference Organization
	Editors
	Local Organizing Committee
	Conference Organizers

	Introduction
	List of Reviewers
	Table of contents
	Comparison between Location based management and Takt time planning
	Abstract
	Keywords
	Introduction
	history of location based methods
	location based management system (LBMS)
	LBMS Planning Method
	LBMS Control Method

	Takt time Planning (TTP)
	Takt Time Planning Method
	Process of Takt Time Planning
	TTP Control Method
	Summary

	Discussion
	Conclusion
	Acknowledgments
	References
	COMPARING DIFFERENT APPROACHES TO SITE ORGANIZATION AND LOGISTICS: MULTIPLE CASE STUDIES
	Abstract
	Keywords
	Introduction
	METHODOLGY
	Results
	Case 1: Hersleth Entreprenør AS
	Case 2: Veidekke  Entreprenør AS
	Case 3: Svensk Bygglogistik  AB
	Case 4: Songa Offshore

	Discussion
	Conclusion
	References
	Instantask: Designing a visual application for enabling agile planning response
	Abstract
	Keywords
	Introduction
	Last Planner System (LPS) and New/Emergent Tasks
	State Of The Art In Lean Construction Software
	The Need for a New Task Reporting Tool

	Research Method
	The Application
	Overview of instantask
	Components Of User Interface
	Main Screen
	Add/Edit/View Tasks Screens

	Peripheral Features
	Analytics
	Search

	Flow Of Use

	Social Network Analysis via “SocNetV”
	Analysis Methodology
	Analysis Results

	Conclusion
	References
	A BIM-based Framework for Material logistics planning
	Abstract
	Keywords
	Introduction
	The bim based MLP framework
	Construction progress-monitoring module
	Construction site space-monitoring Module
	Material Delivery coordination
	AUTOMATED CONSTRUCTION PROGRESS-BASED PULL ORDERING
	SUPPLIER COORDINATION MODULE

	Material storage optimization
	Demonstrative example

	Conclusions and future work
	References
	STABILIZING CRAFT LABOR WORKFLOW WITH INSTANTANEOUS PROGRESS REPORTING
	Abstract
	Keywords
	Introduction
	BACKGROUND
	objectives and scope
	Methodology
	Instantaneous Project Controls Approach
	Data Collection
	Analysis of Results
	Individual Productivity Analysis
	Aggregate Productivity Analysis
	Observations


	CONCLUSIONS AND FUTURE RESEARCH
	References
	FORMWORK STANDARDIZATION AND PRODUCTION FLOW: LESSONS FROM AN AFFORDABLE HOUSING PROJECT IN ECUADOR
	Abstract
	Keywords
	Introduction
	ABOUT VILLAHERMOSA
	FORMWORK STANDARDIZATION
	case study at villa hermosa
	First Run Study
	Discussion of Standardization Versus Customization
	Formwork Supplier Selection
	Formwork Standardization Process
	Balancing Production Through Design
	Solution 1: In collaboration with the formwork supplier, VillaHermosa readapted the set’s configurations so as to have one set for small models and one for big models, thereby reducing the idle inventory considerably during the construction process.
	Solution 2: In order to balance the production per block, the team included a specific house model in the design that could be built on either the 67 m2 or 100 m2 lot. This model can be used as a “wildcard” to achieve a balanced 50/50 distribution of ...
	Solution 3: In order to achieve control over the sales per block, VillaHermosa’s sales software set a counting system that calculates the percentage distribution for the different house models. Once the sale of big houses per block reaches over 50%, a...


	results
	CONCLUSIONS
	Acknowledgments
	References
	Integrating Task Fragmentation and Earned Value Method into the Last Planner System using Spreadsheets
	Abstract
	Keywords
	Introduction
	Literature review
	Indexing criteria with SPREADSHEETS
	ImpleMENtation in an Holistic Pull System
	Master and Phase Schedule
	Look Ahead Schedule and Weekly Work Plan
	Measurement, learning and continual improvement

	Conclusions
	References
	Top DOWN VS. BOTTOM up approaches   regarding the Implementation of Lean CONSTRUCTION through A french case study
	Abstract
	Keywords
	Introduction
	Project context and methodology

	The «Top down» way
	Initial state of Lean practices in the company
	5S to bring stability and standards
	Was it efficient and sustainable?

	Measures of flows to define the actual constraint
	Integration of Lean in the daily activities using LPS

	Limits and future research
	ConclusionS
	References
	expected LEAN Effects of Advanced High-Rise Formwork Systems
	Abstract
	Keywords
	Introduction
	Research Background
	Research Method
	Research Limitations

	Framework development
	Advanced and Regular Formwork Comparison
	Construction Workflow Differences

	Results and discussion
	Workflow Enhancement and Cycle Time Reduction
	Waste Reduction
	Reduced Variability and Increased Flexibility
	Safer Working Environment

	ConcluSIon
	References
	What is a good plan?
	Abstract
	Keywords
	Introduction
	method
	plan contents in the identified consepts
	Critical Path Method (CPM)
	The Location-Based Management System (LBMS)
	Takt Planning
	Critical Chain (CC)
	Agile
	Task planning (TP)
	The Last Planner System (LPS)

	discussion
	The tasks
	The use of time
	The use of space
	Fit for purpose
	The level of buffers
	Compliance with the framework conditions

	conclusion – criteria for a good plan
	References
	Pull vs. push in construction work informed by last planner
	Abstract
	Keywords
	Introduction
	What is pull and push?
	Toyota’s pull production system
	Last planner  system
	Analyzing lps in relation to pull – push
	milestones and pull – push
	location based management, takt-time planning and pull vs. push
	Conclusion
	References
	A PRODUCTION CONTROL TOOL FOR COORDINATION OF TEAMS, MEETINGS AND MANAGERIAL PROCESSES
	ABSTRACT
	KEYWORDS
	INTRODUCTION
	BACKGROUND
	Design Structure Matrix (DSM) (Lano, 1977)

	MATRIX OF INTERACTING GROUPS (MIG)
	Design: Concept & Definitions
	Construction of Matrices
	Matrix Structuring
	Data
	Data Collection
	Matrix Building
	Indexes
	Tracking


	RESEARCH METHODOLOGY
	RESULTS
	ANALYSIS
	DISCUSSION
	CONCLUSIONS
	REFERENCES
	Integration of Last Planner System and Location-Based Management System
	Abstract
	Keywords
	Introduction
	Case Study
	Production Planning
	Master Schedule
	Phase schedule

	Production control
	Look-Ahead Planning
	Identify Tasks and Locations in the Look-ahead Window
	Break down tasks and locations to operations
	Identify, assign and remove constraints
	Review actual production and forecasts to identify ongoing production problems
	Root cause analysis and resolution for problems
	Re-Plan to address current and upcoming problems
	Release constraint-free tasks and locations to workable backlog
	Designing upcoming operations
	Examples from the case study project

	Weekly Planning

	Conclusions
	References
	THE STANDARDIZED WORK TOOL APPLIED TO THE WATERPROOFING PROCESS WITH ACRYLIC MEMBRANE
	Abstract
	Keywords
	Introduction
	CASE STUDY DESCRIPTION
	Objectives
	The Construction Company
	The Project
	Developed Activities

	CASE STUDY IMPLEMENTATION
	RESULTS
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES
	Social Network Analysis for Construction Specialty Trade interference and WoRK PLAN RELIABILITY
	Abstract
	Keywords
	Introduction
	SOCIAL NETWORK ANALYSIS IN construction
	RESEARCH METHODOLOGY
	Case Study
	Developing Networks
	Measure Network Characteristics
	Measure PPC
	Relationship between Network Characteristics and PPC

	results
	Relationship between Centrality and PPC (trade level)
	Relationship between Density and Average weekly PPC (project level)

	CONCLUSION
	References
	Exploring the implementation of the Last Planner® System through IGLC community: Twenty ONE years of experience
	Abstract
	Keywords
	Introduction
	The last planner System
	Research methodology and Framework

	RESULTS AND DISCUSSIONS
	Last Planner System implementation across countries
	Major components of Last Planner System  implemented
	TRENDS IN THE IMPLEMENTATION OF LPS COMPONENTS
	Evaluation of research methods used in LPS implementation
	The development of the Last Planner System

	Conclusions
	ACKNOWLEDGEMENTS
	References
	WIP DESIGN IN A CONSTRUCTION PROJECT USING TAKT TIME PLANNING
	Abstract
	Keywords
	Introduction
	What is WIP?
	Why is WIP abundant in construction projects?
	Identifying WIP in a construction project
	CASE STUDY: DESIGNING WIP FOR A CONSTRUCTION PROJECT
	Overview
	Takt Time Planning
	WIP between handoffs (inside one Phase of work)
	WIP Between Phases of work
	WIP INSIDE HANDOFFS
	WIP IN THE SUPPLY CHAIN

	Conclusions
	Acknowledgments
	References
	Improving Integrated Planning for offshore O&M projects with Last Planner® Principles
	Abstract
	keywords
	Introduction
	Background
	Research Methodology & Design Science
	Integrated Planning and Logistics (IPL)
	Last Planner® System (LPS)

	Hypothesis
	Results
	Discussion
	Conclusion
	Acknowledgments
	References
	An inclusive Probabilistic Buffer Allocation Method
	Abstract
	Keywords
	Introduction
	Research background
	Research MethoD
	Research assumptions
	Design of Buffers using IPBAL
	Module a- Network Analysis (Stages 1 to 3)
	Module b–buffer locating process (Stages 4a/4b to 8)
	Module c- buffer sizing process (Stages 9 and 10)

	Conclusion
	References
	Suggestions to improve lean construction planning
	Abstract
	Keywords
	Introduction
	problems with planning and scheduling - a view From practice perspective
	Literature Review
	Current approach to scheduling in lean
	Distinction between planning and scheduling
	Summary

	need for a unified theory
	main features required from a scheduling system
	suggestions from practice for a planning and scheduling process

	Conclusions
	References
	Removing hidden waiting time in critical path schedules: a location-based approach to avoiding waste
	Abstract
	Keywords
	Introduction
	concepts of Construction PRODUCTION waste
	Scheduling: A Mechanism for waste reduction
	Construction cycles
	location-based visualisation
	First case study
	Second case study
	hidden waiting time

	Discussion
	Cycle waiting time

	Conclusion
	Acknowledgments
	References
	Complexity in Designing Energy Efficient Buildings: Towards Understanding Decision Networks in Design
	Abstract
	KEYWORDS
	Introduction
	What does complexity mean in building design?
	Process complexity
	Product complexity

	methods
	Design structure matrix
	Hierarchical decomposition of life-cycle analysis

	Designing energy efficient buildings: DSM modelling
	Current and Optimized Design Processes

	Design scenario and its impact on the designed artefact
	Late Change in Building Geometry

	Discussion
	Reduction of product complexity
	Reduction of process and organization complexity

	Conclusions
	References
	COMPARING INVESTMENTS IN SUSTAINABILITY WITH COST REDUCTION FROM WASTE DUE TO LEAN CONSTRUCTION
	Abstract
	Keywords
	Introduction
	Theoretical background
	RESEARCH METHODS
	CASE STUDY DESCRIPTION
	Objectives
	The Construction Company
	The Project

	Developed Activities
	RESULTS
	Green Cost
	Lean Saving

	CONCLUSION
	Case Study Limitations and Difficulties
	Further Research

	ACKNOWLEDGMENTS
	REFERENCES
	Prefabrication & Modularization as a part of Lean Construction –Status Quo in Germany
	Abstract
	Keywords
	Introduction
	PREFABRICATION AND MODULARIZATION IN LEAN CONSTRUCTION
	Literature Review
	Integration of prefabrication/modularization in Last Planner System
	Integration of prefabrication / modularization in Lean Project Delivery System

	PREFABRICATION AND MODULARIZATION IN GERMANY – A STATUS QUO
	Background
	Modularization of complex building structures
	Ways of prefabricated construction products in technical building equipment

	Conclusion
	References
	Analysis of HVAC Subcontractor Mechanisms for JIT Materials Supply to a Construction Site
	Abstract
	KEYWORDS
	INTRODUCTION
	RESEARCH METHOD
	ABOUT THE PROJECT
	RESULTS
	Risers
	a) Creating an installation plan
	b) Creating a fabrication plan
	c) Defining the mix of production
	d) Establishing a feedback mechanism

	AHU
	a) Creating an installation plan
	b) Creating a fabrication plan
	c) Establishing a feedback mechanism

	Penthouse

	Conclusions
	References
	How to Make Shared Risk and Reward Sustainable
	Abstract
	Keywords
	Introduction
	TVD AND IPD
	DESCRIPTION OF ANALYZED PROJECT
	DESIGN PHASE
	CONSTRUCTION PHASE

	COUNTERMEASURES
	CONCLUSIONS AND FUTURE RESEARCH
	ACKNOWLEDGMENTS
	REFERENCES
	COMPARING THREE METHODS IN THE TENDERING PROCEDURE TO SELECT THE PROJECT TEAM
	ABSTRACT
	KEYWORDS
	INTRODUCTION
	RESEARCH METHOD
	THEORETICAL OVERVIEW
	Requirements of tendering procedure
	Weighting Rating and Calculating (WRC)
	Best Value Selection (BVS)
	Choosing By Advantage (CBA)

	CASE BACKGROUND
	CONSTRUCTED CASE
	DISCUSSION
	CONCLUSION
	References
	An Analysis of Potential Misalignments of Commercial Incentives in Integrated Project Delivery and Target Value Design
	Abstract
	Keywords
	Introduction
	integrated project delivery
	target value design
	partnering and project alliancing
	research methods
	case studies selection
	misalignment of commercial incentives
	Misalignment 1:Imbalance of overhead and profit
	Misalignment 2:Not all profits are at risk.
	Misalignment 3:Difficulty of budget and scope to move between cluster groups.
	Misalignment 4:Payment by reimbursable does not reflect the progress of the project.
	Misalignment 5: Untimely dispersion of profits.
	Misalignment 6:Members that have a major impact on the project’s schedule and cost were not in the risk pool.
	Misalignment 7: Members outside the risk pool did not attend coordination meetings.
	Misalignment 8: The Target Cost was set based on price rather than worth and is not shared with the team.
	Misalignment 9:Owners who want the benefits of TVD/IPD but were not willing to do the work.
	Misalignment 10:Owners forcing the team to cut their profits.

	creative brainstorming excercise
	Misalignment 11:Contingency does not truly reflect the risk involved and may be hidden elsewhere.
	Misalignment 12:Exploitation by owners to get a project without paying AEC practitioners a profit.
	Misalignment 13:Members signing onto an IPD/TVD project with no intentions of achieving the Target Cost.
	Misalignment 14:Firms do not send their best people to work on TVD/IPD projects.
	Misalignment 15: There is a lack of competition since the construction is not competitively bid out.

	Discussion
	Acknowledgments
	References
	PROJECT MANAGER OR PROJECT LEADER: WHAT IT TAKES TO CREATE A HIGH PERFORMING
	Abstract
	Keywords
	Introduction
	WEST COAST AND EAST COAST IPD PROJECT OVERVIEW
	RESEARCH QUESTIONS

	LITERATURE REVIEW
	THE BURNING PLATFORM FOR LEADERSHIP IN THE IPD WORLD
	COMMUNICATION AND EMOTIONAL INTELLIGENCE

	METHOD
	RESULTS
	INTERVIEW RESULTS
	CONCLUSION
	References
	A DEEPER LOOK INTO THE PERCEPTION AND DISPOSITION TO INTEGRATED PROJECT DELIVERY (IPD) IN COLOMBIA
	Abstract
	Keywords
	Introduction
	literature review
	HYPOTHESES
	research methodology
	Survey
	Results

	RESULTS ANALYSIS
	conclusions & RECOMMENDATIONS
	REFERENCES
	A CRITICAL REVIEW OF THE SAFEGUARDING PROBLEM IN CONSTRUCTION PROCUREMENT: UNPICKING THE COHERENT CURRENT MODEL
	ABSTRACT
	KEYWORDS:
	INTRODUCTION
	TRANSACTION COST ECONOMICS
	The Safeguarding Problem and the Governance Mechanism

	STANDARD FORMS OF CONTRACT - AN IMPERFECT SAFEGUARDING APPROACH in CONSTRUCTION
	CONSTRUCTION PROCUREMENT
	CONCLUSION
	REFERENCES
	IMPLEMENTATION STRATEGIES IN LARGE INFRASTRUCTURE PROJECTS
	ABSTRACT
	Keywords
	Introduction
	RESEARCH METHOD
	THEORETICAL FRAMEWORK
	FINDINGS
	discussion
	CONCLUSION
	Acknowledgements
	References
	bim and lean in the Design-production interface of eto components in complex projects
	Abstract
	Keywords
	Introduction
	DESIGN-PRODUCTION INTERFACE OF ETO COMPONENTS
	EMPIRICAL STUDY
	CHALLENGES IDENTIFIED
	BIM INITIATIVE
	ADOPTION OF LEAN TECHNIQUES
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES
	INTELLIGENT PRODUCTS: SHIFTING THE PRODUCTION CONTROL LOGIC IN CONSTRUCTION (WITH LEAN AND BIM)
	Abstract
	Keywords
	Introduction
	the vision – Intelligent products in construction
	conceptual underpinnings
	Problems With The Fragmented Supply Chain
	Alignment Of Value In Supply Chain
	Need To Design For Lifecycle/Optimise Total Cost Of Ownership

	what does this research propose
	Building Information Modelling
	Internet of Things (IoT)
	Standards for Iot Communication
	Agents
	Multi-Agent System and Intelligent Products
	Lean Construction

	potential scenarios
	Just-In-Time Logistics Based On Production Status
	Design Lifecycle Analysis
	Lean Maintenance

	Discussion and conclusion
	References
	constructible BIM elementS –A ROOT CAUSE ANALYSIS OF work PLAN FAILURES
	Abstract
	KEYWORDS
	Introduction
	LITERATURE REVIEW
	Constructible Model Elements
	METHOD
	RESULTS
	Trade Clusters
	Location Clusters

	Discussion
	RECOMMENDATIONS
	CONCLUSION
	References
	SITE LOGISTICS PLANNING AND CONTROL USING 4D MODELING: A STUDY IN A LEAN CAR FACTORY BUILDING SITE
	Abstract
	Keywords
	Introduction
	Literature review
	Logistics Planning and Control and 4D Modeling

	Research Method
	Empirical Study

	Results
	Conclusions
	References
	Simulating and Vizualising Emergent Production in Construction (EPIC)Using Agents and BIM
	Abstract
	Keywords
	Introduction
	Method
	Simulating Emergent Production in Construction (EPIC)
	Field Study
	Decision Making Model
	Implementation Of The Epic Simulator
	Validation And Testing

	Conclusion
	References
	Construction and demolition Waste management Using BIM Technology
	Abstract
	Keywords
	Introduction
	Literature Review
	BIM-BASED C&D WASTE MANAGEMENT
	C&D Waste Management
	Building Information Modeling (BIM)
	Design Validation – Design Reviews and Clash Detection
	Quantity Take-Off
	Phase Planning (4d Simulation)
	Site Utilization Planning
	Digital Prefabrication
	Work Flow of Bim-Based C&D Waste Management

	Conclusions
	References
	HOW TABLETS CAN IMPROVE COMMUNICATION IN CONSTRUCTION PROJECTS
	Abstract
	Keywords
	Introduction
	Research methodology
	THEORetical framework
	Information Flow at the Construction Site
	Mobile computing and construction information management
	Strengths of Using Tablets
	Challenges of using tablets
	Initiatives Which Can Lead To A Better Utilization Of Tablets

	conclusion
	REFERENCES
	Lean Simulation in Road Construction: Teaching of basic Lean principals
	Abstract
	Keywords
	Introduction
	LEAN MANAGEMENT IN ROAD CONSTRUCTION
	Operational Challenges
	Optimization Approaches

	Simulation Game
	Background on Teaching / Simulation Games
	Addressed Characteristics / Depicted Contents
	Gameplay
	Game Roles
	Game Elements
	Evaluation

	Conclusions
	References
	Bringing lean construction to life: Developing leaders, consultants, coaches, facilitators, trainers & instructors.
	Abstract
	Keywords
	Introduction
	What skills and knowledge are required?
	Sources of candidates

	has the issue been addressed before?
	Corporate programs
	The Qualified Project Steward (QPS) training program

	What do learners need?
	What does a growing lean community need?
	towards the design of a new program
	Discussion – Towards A delivery framework
	Initial ideas for the Program:

	Conclusions
	Further research

	References
	TEACHING LEAN CONSTRUCTION FOR UNIVERSITY STUDENT(S)
	Abstract
	Keywords
	Introduction
	COURSE DESCRIPTION
	Learning Outcomes
	Course Contents and Teaching Strategies
	Readings and Reflections
	Facilitated Class Discussion
	*other paper assignments are given as appropriate
	Simulations
	Term Projects

	STUDENTS’ EVALUATION ON THE COURSE
	General Evaluation
	Course Contents
	Teaching and Learning Methods
	Use of the Knowledge in the Professional Works


	CONCLUSIONS
	REFERENCES
	A Call for New Research in the Lean Construction Community: Alternative Work Schedules
	Abstract
	Keywords
	Introduction
	Alternative Work Schedules
	Current Condition in the USA: 40-hour workweek
	Safety Impacts
	Sustainability Impacts
	Non-Value Added Work Impacts
	Flow Impacts
	Increased Productivity
	Quality of Life

	Current Condition Worldwide: Alternative Work Week
	A Call for New Research
	Conclusion
	Acknowledgments
	References
	A CASE STUDY ON CAUSES AND CONSEQUENCES OF TRANSPORTATION WASTE
	Abstract
	Keywords
	Introduction
	TRANSPORTATION WASTE AND OTHER CONSTRUCTION WASTE CATEGORIES
	Research method
	DESCRIPTION OF THE PROPOSED METHOD
	Stage 1: Mapping Physical Flows
	Stage 2: Work Sampling
	Stage 3: Observing Transportation Wastes Events
	Stage 4: Association Between Transportation Waste with Other Waste Categories

	RESULTS
	Process Characterization and Physical Flows
	Distribution of Workers Time and Transport Activities
	Transportation Waste Events
	Association of Transportation Wastes Events with Other Waste Categories

	Conclusions
	References
	A conceptual framework for the prescriptive Causal analysis of construction waste
	Abstract
	Keywords
	Introduction
	Review of Previous Studies
	Static, Dynamic and Complex Waste
	Static Waste
	Dynamic Propagation of Waste
	Chains, Cycles, Networks and Patterns of Waste

	CONCEPTUAL MODEL
	Conclusion
	References
	Waste In design and engineering
	Abstract
	Keywords
	Introduction
	The nature of design and engineering work
	waste in design and engineering
	Categorizing waste in design and engineering
	Selecting a different approach

	Conclusion
	References
	Nine Tenets on the NaturE of Value
	Abstract
	Keywords
	Introduction
	Theoretical Framework
	Different Value Definitions

	NINE Tenets
	Implications for Value related concepts
	Value for whom
	Perception of value
	Waste

	Conclusion
	References
	lean construction as an operations strategy
	Abstract
	Keywords
	Introduction
	frame of reference
	operations strategy
	lean construction
	Lean construction as an operations strategy

	methodology
	data collection
	Analysis method

	interview results and analysis
	conclusions
	Acknowledgments
	References
	lean construction theory and practice: an irish perspective
	Abstract
	Keywords
	Introduction
	The Irish AEC Sector
	Lean Construction Institute Ireland (LCII) Community of Practice (CoP)

	Lean Theory
	What lean is not?
	What is lean?


	Research methodology
	Aim and Objectives
	Data Gathering
	Data Analysis
	Thematic Analysis
	Coding

	Initial Findings

	Conclusions
	Acknowledgments
	References
	Towards an operational Definition of lean Construction onsite
	Abstract
	Keywords
	Introduction
	Background
	What Does Lean Manufacturing Look Like?
	Management Index

	What can Lean Construction Look Like?

	The Need For an Operational Definition of Lean Construction
	What is An Operational Definition?
	The Construction Predicament


	a clear business case for the adoption of lean construction
	Suggested Application of lean Index in Construction
	Lean Site Assessment Tool and Lean Index for Construction

	Conclusions
	References
	A Case study on design science research as a methodology for developing tools to support lean construction efforts
	Abstract
	Keywords
	Introduction
	Design science research
	DSR Guidelines
	A Model for DSR

	Descriptive vs. Prescriptive Research
	Potential Benefits and Risks

	the Case study – Development of a trust-building tool
	Context
	DSR Strengths
	Complementary Phasing
	Flexibility
	Respondent Engagement
	Useful Tool Creation through Iteration
	Theory Development

	DSR Weaknesses
	Project Duration
	Confounding Variables


	Conclusions
	References
	Where rhetoric and lean meet
	Abstract
	Keywords
	Introduction
	Rhetoric
	Origin
	Central ideas
	Subsequent history
	Current interpretations and re-inventions (or almost)

	where do rhetoric and lean meet?
	Fundamental arguments in production management
	Compliance
	Common ground of values, facts and presumptions
	Deliberation
	Inventing

	Conclusions
	References
	IS YOUR PROJECT PERFECT? USING FOUR-PHASE PROJECT DELIVERY ANALYSIS TO FIND HOW FAR YOU ARE FROM THE IDEAL STATE
	ABSTRACT
	KEYWORDS
	INTRODUCTION
	SYSTEMATIC PROJECT DELIVERY IMPROVEMENT

	FOUR-PHASE PROJECT DELIVERY ANALYSIS
	Value Definition Phase
	The Ideal State
	Assessing the Current State
	Area 1: Project Stakeholders
	Area 2: The Human Concern
	Areas 3& 4: The Stakeholders’ Constraints and Preferences

	Representation Phase
	The Ideal State
	Assessing the Current State
	Area 1: Analysis of the Representation against the Project Constraints.
	Area 2: Analysis of the Representation against the Project Preferences
	Area 3: Analysis of the Representation against the Human Concern
	Response to Variances
	Area 4: Analysis of the Constructability of the Representation.
	Response to Variances

	Realization Phase
	Ideal State
	Assessing the Current State
	Area 1: Moving Elementsacross the Boundary of Realization
	The Analysis
	Area 2: Variances between Representation and Realization
	The Analysis
	Response to Variances

	Value Capture Phase
	Ideal State
	Assessing the Current State
	Area 1: Analysis of the Value Captured Against the Project Constraints
	Area 2: Analysis of the Value Captured Against the Project Preferences
	Area 3: Analysis of the Value Captured Against the Human Concern


	Conclusions
	References
	Case study oN Design management: inefficiencies and possible remedies
	Abstract
	Keywords
	Introduction
	Nature of design and design management
	Methods
	Case Study and interviews: current Design practices
	Overview of design office and project management activities
	Management of main processes
	Organization of design operations

	Analysis of inefficiencies and possible remedies
	Organization inefficiencies
	Variability in projects

	Design management inefficiencies
	Design as project management and its dual nature
	Poor planning and avoidance of iterations

	Design organization inefficiencies
	Poor specification of client needs and requirements
	Poor integration of design disciplines and decisions in the early design stages


	Conclusions
	References
	IMPROVEMENT OPPORTUNITY IN THE DESIGN PROCESS OF A SOCIAL HOUSING DEVELOPER
	Abstract
	Keywords
	Introduction
	METHODOLOGY
	social housing design – chilean CASE STUDY
	Relevant Factors for Design Efficiency
	Survey
	Design Efficiency Metrics

	PROPOSED INTERVENTION
	Proposed Design Process
	Proposed Validation

	Conclusions
	Acknowledgments
	References
	IMPROVING DESIGN WORKFLOW WITH THE LAST PLANNER SYSTEM:TWO ACTION RESEARCH STUDIES
	Abstract
	Keywords
	Introduction
	RESEARCH METHOD
	RESULTS
	The Old Push-Planning Approach
	How The New Push-Plus-Pull Planning Approach Worked
	Percentage Plan Completed
	Failure Reason Analyses
	Practitioners’ Views Of Usefulness/Effectiveness Of WWP

	CONCLUSION
	References
	lean design versus traditional design Approach
	Abstract
	Keywords
	Introduction
	Method
	Theoretical framework
	Value
	Value and lean

	Productivity
	Design Approaches
	Traditional design approach
	Lean design


	Findings
	Bergen Academy of Art and Design
	The New National Museum of Art, Architecture and Design

	Discussion
	Conclusions and future research
	References
	Application of product development processes in the early phases of real estate development: a feasibility study
	Abstract
	Keywords
	Introduction
	Product Development Process
	Real Estate Development Process
	Application
	Requirement
	Feasibility
	Real Estate Development Process Mapping

	Results
	Clear overview of the processes in real estate development and project organization
	Increased responsiveness through early detection of deviations
	Objective Project Status Review - errors are seen as opportunities for improvement
	Improved internal project discipline and cooperation
	Limitations

	Conclusion
	References
	Contract Models and Compensation formats in the design Process
	Abstract
	Keywords
	Introduction
	Research methodology
	Theoretical framework
	The design process
	Contract models in Norway
	Compensation formats for design in Norway
	Lump sum
	Cost reimbursement


	Findings and discussion
	The most common contract models and compensation formats for the design process in Norway
	Contract models
	Compensation formats

	To what extent do contract models and compensation format facilitate for the iterative and sequential design process?
	Contract models
	Compensation formats


	Conclusion
	References
	Ethics of the design phase – a descriptive approach
	Abstract
	Keywords
	Introduction
	Method
	Theoretical framework
	Ethics
	Design Management

	Results AND DISCUSSION
	Conclusion
	references
	Misconceptions of Lean: why implementation fails
	Abstract
	Keywords
	Introduction
	lean implementation contexts
	social
	financial
	cultural

	the problem
	methodolody
	action research strategy

	results
	the organisation
	organisation bias
	observation
	strategic development
	targeted training programmes
	transition to site management & control
	ongoing visitation

	a discussion on misconceptions
	misconception 1: standardisation is essential for success
	misconception 2: corporate agenda driven implementation
	misconception 3: success without a strategic direction

	conclusion
	References
	Barriers and Success Factors in LEan construction Implementation - Survey in Pilot Context
	Abstract
	Keywords
	INTRODUCTION
	BARRIERS AND SUCCESS FACTORS IN LC
	Research Rethod
	Data Processing
	Search Results

	CHARACTERIZATION AND CLASSIFICATION OF FACTORS
	Master Factors

	OVERCOMING ways
	EXPLORATORY PILOT CONTEXT
	CRITICALity ANALYSIS
	Cause-Effect Matrix
	Structural Analysis
	Crossed-impact matrix and motricity – dependency analysis


	Conclusions
	Acknowledgments
	References
	lean diagnosis FOR CHILEAN CONSTRUCTION INDUSTRY: towardS more sustainable LEAN practices AND TOOLS
	Abstract
	Keywords
	Introduction
	Lean Construction Triangle according to GEPUC

	METHODOLOGY
	diagnosis Results
	Conclusions
	AcknowledgEments
	ReferencES
	A measurement model for Lean Construction Maturity
	Abstract
	Keywords
	Introduction
	RESEARCH Method FOR VALIDATING THE MODEL
	THE Validated LCMM
	The lcmm and “MATURE” v “IMMATURE” ORGANIZATIONs
	Limitations Of The Model

	CONCLUSIONS
	Further work
	References
	Reducing Variability of a Valuable Construction Input: Subcontractors
	Abstract
	Keywords
	Introduction
	Literature Review
	Subcontractors and LC
	Four Practices that contribute to Improved GC and Subcontractor Performance

	Case Study of A U.S. General Contractor
	Recommendations
	Planning
	Monitoring Compliance to Processes
	Measuring Schedule Results and Take Action
	Limited Revenue Business Model

	Concluding Remarks and Expected Outcomes
	References
	THE USE OF FIRST RUN STUDIES TO DEVELOP STANDARD WORK IN LIQUEFIED NATURAL GAS PLANT REFURBISHMENT
	Abstract
	KEYWORDS
	Introduction
	Workshops and Implementation

	Methods
	Development of the Boundary Objects
	Action Research: Implementation of WFRiWD
	Workshops informed by Questionnaires
	WFRiWD led by the Workforce


	Conclusions
	references
	Interplay of Lean Thinking and Social Dynamics in construction
	Abstract
	Keywords
	introduction
	Social Dynamics Variables
	Theoretical Characterization of Social Dynamics in Traditional and Lean Construction Organizations
	Relationship among Project Delivery, Organizational Structure and Operating Systems
	Social Dynamics in Traditional and Lean Organizations in Construction

	Conceptual Modeling framework of social dynamics when implementing lean tools
	Conclusions
	References
	ANALYZING THE INTERRELATION BETWEEN MANAGEMENT PRACTICES, ORGANIZATIONAL CHARACTERISTICS AND PERFORMANCE INDICATORS FOR CONSTRUCTION COMPANIES
	Abstract
	Keywords
	Introduction
	methodology
	Sample
	Literature Review
	Social Network Survey
	Management Practices Survey
	Key Performance Indicators Survey
	Social Network Analysis
	Correlation Analysis

	results
	Management  Practices and Project Performance.
	Organization and Project Performance
	Management Practices and Organization

	Conclusions
	Acknowledgments
	References
	USING APPRECIATIVE INQUIRY AS A STRATEGY TO ACCELERATE TEAM BUILDING ON SITE
	Abstract
	Keywords
	Introduction
	Theoretical background
	Dyer’s model of team building
	Appreciative team building

	Research Method
	Research questions and objectives
	Sample
	Data collection
	Data analysis

	Findings
	Pattern 1: A reversal focus of group needs consideration
	Dyer’s model of team development
	Appreciative team building

	Pattern 2: Distinctive dynamics of group progression
	Pattern 3: Positivity as the engine of the developmental process

	The P-ICIA: A model of team development that accelerates the process of formation on site
	Conclusions
	References
	USING ORGANIZATIONAL MODELING TO ASSESS THE IMPACT OF LEAN CONSTRUCTION PRINCIPLES ON PROJECT PERFORMANCE
	Abstract
	KEYWORDS
	INTRODUCTION
	BACKGROUND
	RESEARCH METHODOLOGY
	VDT CALIBRATION AND IMPLEMENTATION BARRIERS
	Lean concepts Representation using VDT methodology
	Assessment of Lean Concepts Impacts on Project Performance
	Conclusions
	References
	Analysis of Definitions and Quantification of waste in construction
	Abstract
	Keywords
	Introduction
	Definitions of Waste in Literature
	Research Method
	Characteristics of Waste in Production
	Object of contemplation
	Effort
	Value perspective

	Findings
	Discussion of the Results

	Empirical studies about WASTE of WORK-TIME
	Research Method
	Differences between the Studies
	Discussion of the Results
	Constraint 1: Observer and method of measurement
	Constraint 1: Observer and method of measurement
	Constraint 2: Characteristics of the projects and trades involved
	Constraint 3: Country


	Conclusions
	REFERENCES
	REASONS FOR AN OPTIMIZED CONSTRUCTION LOGISTICS
	Abstract
	Keywords
	Introduction
	Waste and Construction Logistics
	Waste
	Construction Logistics

	PROBLEM AREAS AND TARGETS OF AN OPTIMIZED CONSTRUCTION LOGISTICS
	Problem Areas
	Targets Of An Optimized Construction Logistics

	Chance for the optimization of the site logistics in germany
	CONCLUSION
	REFERENCES
	A LEAN APPROACH TO MANAGE PRODUCTION AND ENVIRONMENTAL PERFORMANCE OF EARTHWORK OPERATION
	Abstract
	Keywords
	Introduction
	LITERATURE REVIEW
	LEAN EARTHWORK
	LEAN AND ENVIRONMENT

	RESEARCH METHODOLOGY
	LEAN EARTHWORK FRAMEWORK
	STEP 1: VALUE
	Lean tools: SIPOC and 5 Whys

	STEP 2: VALUE STREAM
	Lean tool: Gemba, Value Stream Map (VSM)

	STEP 3: FLOW
	Lean tools: Root cause analysis

	Step 4: Pull
	Lean tool: Just in Time (JIT)

	STEP 5: CONTINUOUS IMPROVEMENT
	Lean tool: Future map VSM, Kaizen


	CONCLUSION
	REFERENCES

	Performance evaluation of lean construction projects based on balanced scorecard
	Abstract
	Keywords
	Introduction
	methodology
	Performance evaluation of lean construction projects
	Preliminary Index System of Performance Evaluation
	Final Index System based on Factor Analysis
	Reliability and Validity Analysis
	Common Factor and the Final Index System

	Results of Performance Evaluation

	DISCUSSION
	Conclusions
	Acknowledgments
	References
	Organizational Power in Building Design Management
	Abstract
	Keywords
	Introduction
	Background
	Building design
	Organizational power


	Methodical Approach
	Results
	Discussion
	Concluding Remarks
	References
	GUIDELINES FOR PRACTICE AND EVALUATION OF SUSTAINABLE CONSTRUCTION SITES: A LEAN, GREEN AND WELLBEING INTEGRATED APPROACH
	ABSTRACT
	KEYWORDS
	INTRODUCTION
	LEAN, GREEN AND WELLBEING: AN INTEGRATED APPROACH TO CONSTRUCTION SITE
	METHOD
	Model for evaluation to sustainability of construction site
	Building Company characterization Styles – Headings
	Construction Site Characterization - Matrix of Economic, Environmental and Social Impacts
	Calculations and Comparative Graphical Display of Results


	RESULTS AND DISCUSSION
	FINAL REMARKS
	REFERENCES
	Post MEASURING THE LAST PLANNER METRICS IN SHELTER REHABILIATION PROJECTS
	Abstract
	Keywords
	Introduction
	Shelter Rehabilitation Project

	Methodology
	Shelter Description
	Results
	Discussion
	Conclusions and further studies
	References
	identification of repetitive processes at steady- and unsteady-state: transfer function
	Abstract
	Keywords
	Introduction
	A system view
	System IDENTIFICATION
	Transfer Function
	Transient State, Steady-State, And Unsteady-State Response
	Methodology

	Case study: Drilling as a system
	Initial Modeling Approach
	Model Development
	Model Quality Assessment
	Step Response

	Conclusions
	Future Outcomes

	References
	Dynamic benefits MAXIMIZATION model for renovation works of landed residential properties in malaysia
	Abstract
	Keywords
	Introduction
	RESTRICTIVE BENEFITS MAXIMIZATION
	CONSTRAINTS TO BENEFITS MAXIMIZATION
	METHODOLOGY
	COMPETENCY ACQUISITION BY CLIENT TOWARDS BENEFITS MAXIMIZATION
	COMMUNITY OF PRACTICE (CoPs)
	Phase I: Minimum client engagement
	Phase II: Moderate client engagement
	Phase III: Active client engagement

	Relational Project Delivery (RPD)
	competency conceptual framework for benefits maximization
	CONCLUSION
	REFERENCES
	TARGET VALUE DESIGN: THE CHALLENGE OF VALUE GENERATION
	Abstract
	Keywords
	Introduction
	RESEARCH METHODOLOGY
	LITERATURE REVIEW
	The value concept in the Lean Construction Community
	The Principles of Value Generation
	Considerations about Value Generation
	Target Value Design
	TVD contributions and The principles of Value Generation

	CONCLUDING COMMENTS
	References
	The Impact of Variability in Workflow
	Abstract
	Keywords
	Introduction
	REFERENCES
	Flow, Variability and Buffering
	Line of Balance (LOB) and wastes in flow

	RESEARCH PROBLEM
	WORK METHOD
	(1) Data Collection
	(2) Productivity Calculation
	(3) Elaboration of a Project Plan
	(4) Monte Carlo Simulation

	RESULTS AND DISCUSSION
	conclusion
	References
	USE OF VIRTUAL DESIGN AND CONSTRUCTION, AND ITS INEFFICIENCIES, FROM A LEAN THINKING PERSPECTIVE
	Abstract
	Keywords
	Introduction
	Virtual Design and Construction
	Lean Philosophy
	Lean it
	Lean office

	METHODOLOGY
	Search Procedures
	Keys to a successful vdc waste reduction process

	SUMMARY AND CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES
	APPENDIX
	gENERATING VALUE AT PRECONSTRUCTION: mINDING THE GAP IN LEAN ARCHITECTURAL PRACTICE
	Abstract
	Keywords
	Introduction
	Common building performance strategies
	Rethinking building performance strategies for achieving thermal comfort levels

	Role of Lean Architectural Technologist
	Green R&D Within Production Enviropreneurial Value Chain

	RESEARCH METHOD
	Conceptual Framework for Improving Thermal comfort

	competency conceptual framework for GREEN VALUE OPTIMIZATION
	CONCLUSION

