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Abstract

For the increasing trend of urbanization and the potential impact of climate change,
it is needed to have new design approach to reduce the negative effect of urban heat
island on built environment. The concept of Blue-Green design combining Blue
infrastructure and Green infrastructure is proposed to improve disaster resilience of
urban area with multiple benefits. The Blue-Green design in this research emphasizes
on the scope of building design. For designing water system and greenery system
requires multidisciplinary knowledge to clarify the design interaction between systems,
there exists difficulty in evaluating the performance of the integrated system of the
Blue-Green design. In order to collaborate on the multidisciplinary design approach, the
Building Information Modeling (BIM) software is used as an integrated platform for
design teams to create and analyze the Blue-Green design. This research proposes a
BIM-enabled Blue-Green design framework for helping design teams establishing
collaboration environment in design and analyzing building with the Blue-Green design
in the Concept Design stage. The collaboration interface and process are clarified
through the modeling approaches. Design teams can use design toolkits as modeling
outcomes to conduct Blue-Green design under agreed design process. The framework
includes four modeling approaches: Requirement Modeling, Process Modeling, System
Modeling and Performance Modeling. The corresponding outcomes of the modeling
approaches are Blue-Green requirements, workflow manual, BIM element models, and
customized design tool. The case study uses green roof and water tank as an example of
the Blue-Green design to implement the solution of the framework. A scenario study is
used to demonstrate the design process with the solution. An in-depth interview with
architect is conducted to confirm the feasibility of the framework.

Keywords: Climate Change, Blue-Green Design, Sustainable Design, BIM
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1. Introduction

1.1 Research Background and Research Problem

Over the past decades, the pace of urbanization is fast and the impact of
urbanization is huge around the world. According to United Nation’s report [1], the
growth of urban population is massive. Urban population comprises more and more
percentage of total population since 1950. There is a continuous trend shown not only in
developing countries but also in developed countries. Furthermore, there is evidence
showing that urbanization results in negative environmental impact [2-6]. Concerning
that more and more people live in the urban area, the living quality of the urban and the
surrounding environment will become worse and worse.

In the process of urbanization (see Figure 1-1), land surface is changed and
ecological resilience is destroyed. Greenery plants are replaced by grey buildings, and
ground is covered by asphalt and concrete. Open watercourses are covered as sewers or

even removed.

Urbanization

Rural Environment Urban Environment

Figure 1-1. From rural to urban environment
The changes of the land surface will result in a series of problems. First, the energy
and water demand of the land are increased because of high population density with

corresponding human activities. Second, the risk of urban flooding is increased due to
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impervious surfaces. The original land surface is replaced by man-made infrastructure
with low infiltration capability. Once the precipitation in the urban area increases, the
runoff will increase to result in flooding. The potential impact of flooding disaster is
huge associated with the development of urbanization. Third, the change of the local
climate influences complex hazard. For the surface of high-rise building affects the
effect of turbulent flow and heat storage, the phenomenon of Urban Heat Island (UHI)
is generated according to these associated effects. The UHI includes a series of related
effects such as urban breezes, intensive air pollution, highly probability of intense
thunderstorms, discomfort in living area, disruption of human activities due to elevated
temperatures, health issues, and higher energy consumption in air conditioning [2][3]
[6-9]. These effects may also contributed by climate change.

For mitigating these effects, the urban area is required to be planned and developed
in more sustainable and resilient way. In recent years, Blue-Green design approach [3]
is proposed to reduce the negative impact of climate change in urban area. The blue
(water) measures contains water supply, waste water, and rain water drainage systems.
The green (vegetation) measures contains green roof, green wall and greenery space.
The Blue-Green design integrated blue and green measures together to provide
sustainable design with environmental resilient capacity and social benefits.

Although the concept of the Blue-Green design is straight forward, it is hard to be
conducted for the complexity of multidiscipline collaboration [10] (See Figure 1-2). The
Blue experts are responsible for the design of water system, and the Green experts are
responsible for the design of greenery system. In conducting the Blue-Green design, it is
needed to consider design interaction between Blue and Green systems for evaluating
integrated performance. Therefore, the experts require multidiscipline knowledge for

the design interaction. The threshold of multidiscipline knowledge is high. Following
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the mindset of work specialization, it is more applicable to establish collaboration
environment for Blue and Green experts to create the project design reflecting the
employer‘s requirements, analyze Blue-Green system with agreed approaches and
review the performance of the overall Blue-Green design in consequential procedures.
Concerning that traditional 2D CAD platform supports limited capability in managing
the design parameters of Blue-Green system, an integrated design platform is required
for the collaboration environment. Nowadays, Building Information Modeling (BIM)
[11] is the promising technology used to enhance the quality of design and managing
the information flow of project. With the purpose of implementing the Blue-Green
design in design process, this research proposes using BIM technology creating
collaboration environment to support Blue and Green experts exploring design options.

Blue expert and Green expert

Water system in building:
Mechanical, Electrician and
Plumbing Engineer

Green element on the building envelope:
Architect, Green Roof Engineer

Water system outside the building:
Urban Planner, Water Engineer

Green element around the building site:
Landscape Architect, Landscape company

|
I
I
I
I
I
I
Interface
Figure 1-2. Interface between blue and green experts [10]

The challenge to couple BIM and the Blue-Green design is wrapping the content of
the Blue-Green design into the design and analysis process supported by BIM [12][13].
Even the emerging BIM technology provides integration design platform, there are still
lack of BIM element models represented the system of the Blue-Green design and
customized design tools to evaluate the performance of the Blue-Green design to be
made. The BIM element models are containers carrying product information, but

seldom BIM element models are designed according to the principle of integration

water and greenery system. Furthermore, Blue and Green experts should evaluate the
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performance of BIM project model with agreed analysis approaches. The analysis
approaches could be formulated as customized design tool in BIM platform. Once BIM
project model is analyzed and the BIM element models of the Blue-Green design are
created or modified according to the analysis results, the design content of the Blue-
Green design can be properly conveyed to the following designer and contractor. With
the BIM element models and customized design tool prepared, Blue and Green experts
can conduct design process with expected design information flow. Therefore, the
collaboration interface between experts with different disciplinary expertise can be

clarified, and the design content can be coordinated to maintain the design quality.

1.2 Research Objective

For the design interaction between Blue system and Green system is
multidisciplinary design issue which is difficult to be evaluated, it requires holistic
methodology creating collaboration environment for design teams to initiate and
analyze the content of the Blue-Green design in the design process. Once the
collaboration interface in collaboration environment is clarified, the integrated design
outcomes of the Blue-Green design can be assessed and the overall performance of the
building design can be optimized by experts with multi-disciplinary knowledge.

The major objective is to develop a BIM-enabled design framework for design team
preparing collaboration environment to create the Blue-Green design solution. The
framework supports design teams to analyze and form the building design in early
design stage. Design teams can continuously collaborate and develop BIM project
model with BIM element models of the Blue-Green design in the following design

stages.
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1.3 Thesis Organization

There are six chapters with reference and appendix in this thesis. In the chapter 2,
there are literature reviews on the Blue-Green design, BIM with sustainable design and
current limitation. In the chapter 3, it is the methodology of this research and the
structure of a BIM-enabled Blue-Green design framework is shown. In the chapter 4, it
uses water tank and green roof as case study to implement the solution of design
framework. In the chapter 5, it shows the scenario studies and discusses the feedback

from expert interview. The conclusion of the research is stated in the chapter 6.
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2. Sustainable Building with Blue-Green Design and BIM

2.1 Sustainable Building Design and Blue-Green Design

The original idea of the Blue-Green design is combining the Blue measures and
Green measures to provide disaster resilience of urban infrastructure to against climate
change. There are several projects related to the Blue-Green design research. A research
project named Green and Blue Space Adaptation for Urban Areas and Eco Towns
(GRaBS) [14] is conducted to raise awareness about green and blue infrastructure. In
GRaBS project, Kazmierczak and Carter [15] collected practical cases using green and
blue infrastructure and listed valuable suggestion in Table 2-1-1. It is obvious that
effective communication and collaboration between stakeholders are the key of success.
After GRaBS project, there is a Blue-Green Cities [16] project focusing on similar topic.
The Blue-Green Cities project intends to combine water management and green
infrastructure to recreate water cycle. Followed by the concept of Blue-Green Cities,
Hoang and Fenner [17] proposed using sustainable urban drainage systems and green
infrastructure for storm water management. Almost the same time, an EU funded
project called Blue-Green Dream [18] synergizes urban blue and green systems as Blue-
Green solution to enhance urban environment with multiple benefits. The benefits could
be air pollution reduction, biodiversity improvement, energy saving, food supply noise
reduction and surface runoff delay...etc. Bozovi¢ et al. [19] propose a BG systems
planning methodology listed in Table 2-1-2. The scenario of the methodology is urban
planning stage. In the beginning, project requirements should are defined. Then, the
analysis and optimization process is the conducted with project requirements and
project data. The BG Design Brief is the output of the whole process. The stakeholders

include project developers, planning team, BG team, approval bodies and public.
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Table 2-1-1. Lessons learned from case studies [15]

Suggestions
1. Triggers for action, or the reasons why an action is considered by the
organization
2. Continuing leadership and championship
3. Raising awareness within the organization, amongst stakeholders and with the
wider public
4.  Collaborative working; how internal and external collaboration, and in particular
cooperation with research institutes, has facilitated a stronger adaptation
response
5. Learning from others, in terms of adaptation processes and/or adaptation actions
6. Developing a sound evidence base, either using in-house expertise or by
outsourcing experts
7.  Public engagement on adaptation issues
8. Embedding adaptation in decision making through policies, plans, regulations or
incentives, and via close collaboration with developers
9. Funding for adaptation responses
10. Monitoring and evaluation of adaptation responses
Table 2-1-2. Development stages of the BG Design Brief [19]
Stages Actions
Stage 1 - e Definition of project goals, performance targets and indicators.
Project e  Gathering and mapping of project requirements and design data
requirements (e.g. potential Nature Based Solutions, problems, planning
and data opportunities, local climatic conditions and available water
collection resources).
Stage 2 - e  Analysis and optimization.

Analysisand e  Development of metrics for target indicators.
optimization ¢  Analysis of potential synergy benefits between urban

components.
e  Design of candidate solutions.
e  Detailed comparative analysis to develop optimized integrated

solutions.
Stage 3 - e  BG Design Brief production.
Design Brief e  Completion of detailed BG Design Brief, containing project
production requirements (based on all stakeholders’ input) and agreed

optimized concepts and solutions.

d0i:10.6342/NTU201803891



In recently years, more and more studies have contributed on sustainable building
[20]. In general, sustainable building is also known as green building. The concept of
sustainable building is to improve efficiency in resource consumption and reduce
impact on human health and environment [21]. For example, it involves issues such as
energy efficiency strategy, water recycling system and renewable energy design [22].
According to an energy modeling guide [23] published by the American Institute of
Architects, it suggested that architect can use energy modeling in design stage to
improve the energy performance for reducing building energy usage. Another report [24]
published by Royal Institute of British Architects provide guidance for architect to
conduct sustainable building design along with design stage.

As mentioned above, the original idea of the Blue-Green design focuses on urban
scale and the idea of sustainable building design focuses on building scale. For the
common feature of these two concepts is to reduce the environmental impact, the
intersection of the concepts could be made. According to the BG systems planning
methodology, the BG Design Brief with urban planning requirements is formulated as
output. And so forth, the building design requirement of the BG systems can be a subset
of the BG Design Brief. It is assumed that buildings with the Blue-Green design can
become parts of urban Blue-Green infrastructure. In this research, we emphasize on

building scale to develop the Blue-Green design.
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2.2 Building Information Modeling

In construction industry, BIM is the most popular technology in recent decade.
There are more and more countries applied BIM in public construction projects [25][26].
This trend is across North America [27], European area [28], and even Asia continent
[29](30]. The concept of BIM can be traced back to the 1970s when Eastman et al.
introduced the idea of “Building Description System” [31]. In 1989, the term of
“Building Model” is described by Simon Ruffle [32]. Until 1992, “Building Information
Model” is first time to be used in a journal paper published by G.A. van Nederveen and
F. P. Tolman [33]. In 1999, Eastman published the term of “Building Product
Models”’[34]. After 2002, the term of “Building Information Model” and “Building
Information Modeling” are widely introduced by Autodesk [35]. Compared to the
terminology proposed by Autodesk, the corresponding term of Graphisoft and Bentley
Systems are “Virtual Building” and “Integrated Project Models” [36][37].

Along with the development of terminology, it is shown that BIM involves the
methodology for shaping and describing the information of building in the virtual world.
In defining the meaning of BIM, the interpretation could be the data model contained
building information or the process to create the data model. The definitions of BIM are
listed Table 2-2-1 [38]. Besides the definition above, BIM could also described as
“Building Information Management” which manages the process to create and share the
building information across the building lifecycle [39].

According to the Macleamy curve [40], the cost of design change could be lower
down when design team arrange time and effort to integrate design in the early stage of
building lifecycle. Therefore, BIM is the entry point to help design team in creating and
sharing design content in efficient and consistent way to avoid mistakes. The purposes

of BIM use can be categorized as five types in Table 2-2-2 [41].
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Table 2-2-1. The definition of BIM (Modified from [38] )

Definition Source
A BIM is a digital representation of physical and National
functional characteristics of a facility. As such it serves as  Institute of
a shared knowledge resource for information about a Building
facility forming a reliable basis for decisions during its Science (NIBS)
lifecycle from inception onward. [39]

_ Discrete set of electronic object-oriented information used  PAS 1192-

§ for design, construction and operation of a built asset. 5:2015 [42]

5 Digital representation of the physical and functional BS 8536:2010

E characteristics of a building over its life cycle. [43]

% A rich information model, consisting of potentially National

% multiple data sources, elements of which can be shared Building

B across all stakeholders and be maintained across the life of Specification
a building from inception to recycling. (NBS) [44]
Shared digital representation of physical and functional BS ISO 29481-
characteristics of any built object (including buildings, 12010 [45]
bridges, roads, etc.) which forms a reliable basis for
decisions.
Is a BUSINESS PROCESS for generating and leveraging  NIBS [39]
building data to design, construct and operate the building
during its lifecycle. BIM allows all stakeholders to have
access to the same information at the same time through
interoperability between technology platforms.

% Building Information Modelling is digital representation of NIBS [46],

g physical and functional characteristics of a facility creating Royal Institute

%2 ashared knowledge resource for information about it of British

E forming a reliable basis for decisions during its life cycle, = Architects

:42 from earliest conception to demolition. (RIBA) [47]

E The development and use of a multi-faceted computer General
software data model to not only document a building Services

design, but to simulate the construction and operation ofa ~ Administration
new capital facility or a recapitalized (modernized) facility. (GSA) [48]
Construction of a model that contains the information ISO 16757-1:

about a building from all phases of the building life cycle. 2015 [49]
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Table 2-2-2. BIM Uses Purposes and Objectives [41]

BIM Use Purpose BIM Use Objective Synonyms

Gather to collect or organize facility information administer, collect,

manage, acquire

Generate to create or author information about the  create, author,
facility model
Analyze to examine elements of the facility to examine, evaluate

gain a better understanding of it
Communicate to present information about a facility in ~ exchange

a method in which it can be shared or

exchanged
Realize to make or control a physical element implement, perform,
using facility information execute,

The five types of BIM use purpose include major activities in building lifecycle.
BIM model could be the data source to organize facility information. In BIM platform,
BIM project model could be created and evaluated in parametric software environment.
With the outcome of the BIM project model, the building information could be shared
and even fabricated. According to the BIM Project Execution planning guide [50] and
the survey [51] evaluating the frequency and benefit of BIM use, 3D coordination,
Design Reviews and Design Authoring are top three BIM uses. The importance of

maintaining correct and consistent design information is shown.
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2.3 Limitations on Current BIM-based Sustainable Building Design

BIM can be used to create design alternatives. With the use of BIM, sustainable
building design concerning rainwater harvesting, solar access, and recycled content can
be conducted [52]. For example, Levy [53] proposes a worksheet for designer to size
green roof with rainwater harvesting calculation and BIM project model. In this
scenario, designer can use existing functions of BIM platform to extract required
information. Generally, most building performance analysis can be conducted with the
use of Building Energy Modeling (BEM) tool [54]. In the BIM guide for energy
performance [55] published by General Service Administrative of United State, it is
suggested that energy analysis can be done with the use of BIM project model. Designer
can transfer BIM project model into green building format as input of energy analysis
software. However, there are some limitations on current approaches of BIM-based
sustainable building design.

(1) User defined manual operation for sustainable building design

For there are some calculation principles of sustainable building design not
included in BIM platforms or BEM tools, designer is required to define a series of
operations of different software to conduct the calculation. The operations could be
collecting information from web database, extracting information from BIM platform,
setting calculation rules and conduct calculation in spreadsheet software. During the
process of sustainable building design, it is needed to check information consistency
of each manual operations. After the calculation is done, designer references the
calculation results to optimize the building design in BIM platform. The feature of
this approach is flexible in switching calculation principles but lack of effective
mechanism in managing design information among the software. The configurations

of the operations are hard to be reused.
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(2) Combined operation of BIM platform and BEM tool for sustainable building design
For there are related analysis functions of sustainable building design contained in
BEM tools, designer can use BIM project model as information source to export
building information to BEM tool conducting analysis. In this approach, designer
creates BIM project model in BIM platform, exports BIM project model from BIM
platform to BEM tool, and checks the completeness of building information in BEM
tool. It exists interoperability issues in exchanging information between BIM
platform and BEM tool [54]. Designer is required to remodel the building geometry
and reassign material properties in BEM tool. After the analysis results are obtained,
designer references the analysis results shown in BEM tool and modify the BIM
project model in BIM platform to process the next design iteration. Obviously, the

cost of maintaining design information between BIM platform and BEM tool is high.
In designing building with the Blue-Green design, it requires a series of design
activities supported by BIM to deal with multidisciplinary design requirements. For
instance, the BIM element models should be created as the physical representation of
the Blue measures and the Green measures. The BIM-enabled customized design tool
with Blue-Green performance analysis function is also critical for handling design
interaction between systems to evaluate potential benefits. Furthermore, the processes to
identify the design requirements of the Blue-Green design and develop BIM project
model in collaborated way play important roles in the design stage. With the above
limitations and concerns, the proposed collaboration environment should support new

approaches of BIM-based sustainable building design conducting the Blue-Green design.
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3. Development of BIM-enabled Blue-Green Design Framework

3.1 Design of BIM-enabled Blue-Green Design Framework

The feature of the Blue-Green design is to combine greenery system and water
system as an integrated system. In order to design the size and the capacity of the
integrated system, it is required to consider the design requirements of each sub-system
and the interaction between design parameters. For the design requirements are too
complex to manage design parameters, BIM software with parametric design capability
is selected to support the Blue-Green design. Although BIM software can be used as an
integrated design platform in designing building parametrically, a series of
configuration is needed to create corresponding BIM element models of each sub-
system with required design parameters. Even the BIM element models are prepared; it
is still lack of analysis and design functions of the integrated system.

According to the document [41] published by Pennsylvania State University, the
BIM uses purposes can be defined into five types with each BIM use characteristics.
However, the design process consists of several design activities involving different
BIM uses. In implementing the Blue-Green design, it shall require almost all the BIM
uses listed in Tables 2-2-2. With reference to the document [41], this research proposes
a BIM-enabled Blue-Green design framework for helping design teams preparing
collaboration environment to analyze and design building with the Blue-Green design in
the early design stage. The collaboration environment provides clear collaboration
interface and process along with appropriate design solutions for design teams to
conduct design.

The aim of this framework is supporting Blue and Green design teams to clarify

collaboration interface and process with procedures of creating the design toolkits for
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Blue-Green design. The framework considers integration and parametric design of the
Blue and Green components of a building system with customized analysis functions in
BIM platform.

The prerequisite of the framework is that design teams have BIM ability to
collaborate building design using BIM model during design stage. The BIM ability
contains the knowledge to create BIM-based customized design tool using visual
programming language. The assumed research scenario is that the Blue-Green design is
one of the major methodologies to be applied to fulfil the project requirements.

In selecting the BIM uses [41], the first step is to identify objectives and the second
step is to determine the BIM use characteristics such as facility element, facility phase,
discipline and level of development. For the BIM-enabled Blue-Green design
framework, the above two steps are concerned. Furthermore, the steps to create a
customized design tool and a workflow manual are defined in the framework to support
the Blue-Green design. There are four modeling approaches in the BIM-enabled Blue-
Green design framework shown in Figure 3-1-1. The term of “modeling” in this
framework is an activity for design teams to define and describe things such as the
statement of the project requirements, the representation of physical objects, the
performance indicator, or the design process.

Concerning that the employer’s requirement is the objective of the project, the first
modeling approach of the BIM-enabled Blue-Green design framework is the
requirement modeling. After the project requirements related to the Blue-Green design
are defined, the candidate measures of the Blue-Green design can be chosen by design
teams to fulfil the requirement. The outcome of the requirement modeling is called
Blue-Green requirements. The second modeling approach is the process modeling with

a workflow manual as output. The Blue-Green requirements and the potential follow-up
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actions such as creating BIM element models and customized design tool should be
considered in the workflow manual. With the Blue-Green requirements and the
workflow manual prepared, the measures of the Blue-Green design is modeled as BIM
element models containing product information in the system modeling. After the BIM
element models are implemented, design teams can create a BIM project model that
represents the overall building design and load the BIM element models as part of the
BIM project model. In order to satisfy the threshold of the Blue-Green requirements
and optimize the capability of the measures, it is required to quantify the performance of
the Blue-Green design. The purpose of the performance modeling is to develop a
customized design tool with analysis function to model the performance of the Blue-
Green design for optimization. In the performance modeling, the key tasks to create
customized design tool for the Blue-Green design are introduced. With the above
modeling outcomes prepared as design toolkit, design teams could use the design toolkit
conducting the Blue-Green design under clear collaboration interface and process.

The framework can be used in conducting analysis and design process in the early
design stage. The four modeling approaches are interrelated with each other. The user of
the framework are design teams including architects, BIM consultants or sustainability
consultants representing Blue Green experts. The exact role of Blue expert or Green
expert differs from project to project. Each design team may consider the Blue-Green
design together in different aspects. The detailed classification of Blue expert or Green
expert is not considered in this research. For the design process, it is suggested that lead
designer such as architect is responsible for the requirement modeling and the process
modeling. The system modeling and the performance modeling could be conducted
collaboratively among design teams such as BIM consultants or sustainability

consultants.
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3.2 Key Tasks of Requirement Modeling

In this research, the workflow of the design process is referenced to the PAS 1192-2
document [56], which is the source of the incoming ISO 19650-1 standard [57][58].

In the beginning of a construction project which is the Strategy stage in the
information delivery cycle [56] , the employer will formulate the project requirements
into a Strategic Brief and an Employer Information Requirement (EIR) [42][56]. The
Strategic Brief is a document written by employer to provide sufficient project
information for consultant to study the feasibility of the project [59][60]. The EIR is a
pre-tender document containing the information requirement towards the expected built
assets of the construction project [56]. The suppliers will prepare a pre-contract
Building Information Modeling Execution Plan (BEP) to demonstrate the proposed
approach and the corresponding capability to fulfil the EIR [56]. After the suppliers
reward the contract, they will prepare a post-contract BEP with a Master Information
Delivery Plan (MIDP) to detailed defining how the suppliers and the supply chains
deliver the project information [56]. In the Brief stage of the information delivery cycle,
an initial Project Brief based on the Strategic Brief is coordinated by lead consultant or
lead designer [61]. The Project Brief is the key document containing employer’s
requirement about the nature of the expected built asset [61][62]. In the Concept stage
of the information delivery cycle, architect as lead designer will prepare a BIM project
model, which is named Project Information Model in in the information delivery cycle
[56] as an initial design response to the Project Brief [63]. The finalized Project Brief is
formulated in the end of the Concept stage [61], and the BIM project model will be

developed according to the Project Brief in the following stages.
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In the requirement modeling, it focuses on the Concept stage in the information
delivery cycle [56]. There are two modeling key tasks listed below:
(1) Identify the project requirements with the Blue-Green design
In preparing design response to the Project Brief, the sustainability targets of the
project will be formulated. Design teams will review relevant international, national,
and local sustainability policies to explore potential design options. The sustainability
assessments such as LEED, BREEAM and Passivhaus can also be considered
according to the Project Brief. With the above consideration and employer’s business
case, the project requirements related to the sustainability targets, which are related to
the greenery or water system design, can be identified.
Besides, once there exists the previous design toolkits for similar Blue Green

design project, the Blue-Green requirements can be formulated with these resources.
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(2) Outline the potential measures of the Blue-Green design

For providing potential environmental services, there are potential services
provided by the Blue measures or the Green measures [64]. The Blue measures could
be water square, permeable pavement and rainwater tank. The Green measures could
be green roofs, green shores and park. Each measure has advantage and disadvantage
in different environmental aspect. In order to optimize the benefit of the design
measures, the Blue-Green design concept is integrating the Blue measures and the
Green measures in complementary way.

The scope of this framework is focusing on the design measures of building
design. The Blue measures of building design could be water roof or rainwater tank.
The Green measures of building design could be green roof or green wall. With the
project requirements related to the Blue-Green design prepared, design teams can
outline the combination of the Blue measures and the Green measures to evaluate
design alternatives to fulfil the project requirements. The output of the requirement
modeling are the Blue-Green requirements including the project requirements related
to the Blue-Green design, the outlined Blue measures, and the outlined Green

measurces.
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3.3 Key Tasks of Process Modeling

With the Blue-Green requirements prepared, a workflow manual is needed to
describe the collaboration interface and process. This research uses two concepts
describing below to support the workflow manual.

In the building design process proposed in the Figure 3-2-2, it requires Common
Data Environment (CDE) as a working environment to support design collaboration.
There are four phases of CDE [65]. In the CDE, a lead designer of the project will
coordinate the collaboration process [66]. The first task team is usually architect team.
The architect team will form an initial BIM project model in the “Work in progress”
folder. After the initial BIM project model is checked by the lead designer, it can be
uploaded to “Shared” folder to be shared among the project teams. The rest task teams
such as landscape architect team, structural engineer team, mechanical engineer team,
electrical engineer team, and plumbing engineer team can reference the initial BIM
project model as a foundation to develop the content of the model. The lead designer
will also check, review and approve the coordinated models before it is uploaded to
“Shared” folder. When it comes to the end of design stage or the project milestone,
employer will authorize the BIM project model and the corresponding design
documents to be published in “Published documentation” folder. Besides, the “Archive”
folder is used to record the history data of the project information at each project
milestone. The CDE is an iterative process repeating above steps.

For supporting the business requirement, there is an open data format of BIM model
called Industry Foundation Class (IFC) [67] designed to support all the business
requirement for all project stages. In general, it is feasible to exchange information
under particular business requirement during design stage [68].

Therefore, Information Delivery Manual (IDM) is a document to support the BIM

21 d0i:10.6342/NTU201803891



use, and the project stakeholders can use to clarify the collaboration interface and
process [69]. There are international standards [70][71] to define the methodology in
formulating an IDM, and there are four components of IDM listed in Table 3-3-1. For
the use of IDM is not only for supporting the business requirement but also developing
the software solution, there exists barriers in mapping the relationship between Process
Maps, Exchange Requirements, Functional Parts and Model View Definition (MVD)
which is a is a subset of IFC for particular BIM use [72][73].
In order to apply the concept of CDE and IDM to formulate a workflow manual for
the Blue-Green design, there are two modeling key tasks shown below.
(1) Clarify the expected workflow and information exchange for the design and analysis
process
In modeling the design process, it requires experienced consultants or designers to
outline the work items for the specific design stage. The requirement identification of
the Blue-Green design, the use of the BIM element models of the Blue-Green design
and the customized design tool should be considered as the work items. The
corresponding workflow is composed by arranging the work items and relationship
between each character in the project. The structure of the workflow is developed
under CDE collaboration concept. Therefore, the information exchange is clarified

according to the work items in the workflow.
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(2) Document the information using Process Maps and Exchange Requirements

For taking the advantage of IDM methodology, Process Maps and Exchange
Requirements are used to describe expected workflow and information exchange in
formal document. In creating the Process Maps, the expected workflow is illustrated
in Business Process Model and Notation (BPMN) [74] format. The Exchange
Requirements is formulated according to the Process Maps. It is suggested to
reference existing Process Maps and Exchange Requirements in published IDM to
shorten this process of documentation. Because the process modeling only focuses on
satisfying the business requirement, developing IFC compatible software solution is
not considered. The outcome of the workflow manual is composed of Process Maps

and Exchange Requirements.
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Table 3-3-1. The primary components of IDM [68]

IDM elements Descriptions

Process Maps A process map describes the flow of activities within the boundary of a
particular topic.
The purpose of a process map is to gain an understanding of the
configuration of activities that make it work, the actors involved, the
information required, consumed and produced.

Exchange An exchange requirement is a set of information that needs to be exchanged

Requirements to support a particular business requirement at a particular stage of a
project.
Typically, for IDM as presently established, the set of information should
be defined within the IFC model. However, the IDM approach will also
work with sets of information defined within other industry standard models
such as the Geographic Markup Language (GML) as defined by the Open
Geospatial Consortium (OGC).
An exchange requirement is intended to provide a description of the
information in non-technical terms. The principal audience for an exchange
requirement is the user (architect, engineer, constructor etc.). It should
however also be used by the solution provider since it provides the key to
the technical detail that enables the solution to be provided.

Functional A functional part is a unit of information, or a single information idea, used

Parts by solution providers to support an exchange requirement.
A functional part describes the information in terms of the required
capabilities of the industry standard information model upon which it is
based. For IDM as presently established, the functional parts are based on
versions of the [FC model.
A functional part is fully described as an information model in its own right
as well as being a subset of the information model on which it is based.

Concepts A concept is a fragment of information that can be used in a functional part
(where it is bound to a release of the IFC model) or to an exchange
requirement (where it is expressed in generic terms). It can be used to
capture the basic functionalities within a model such as naming,
identification etc. A concept does not need to be simply related to a single
entity or even to a whole entity. For instance, the concept of a software
identifier simply describes how a globally unique identifier attribute is

asserted for an entity.
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3.4 Key Tasks of System Modeling

In the BIM-enabled Blue-Green design framework, the measures of the Blue-Green
design are described in the form of BIM Object Models (BOMs) [11]. Eastman defines
that BOMs are 2D and 3D geometrics representation of physical products. These
products includes doors, windows, equipment, furniture, fixtures, walls, roofs, ceilings,
floors and specific products. There are primary information content needs of BOMs
listed in Table 3-4-1.

Table 3-4-1. The object specifications of BOMs [11]

Information content

1 2D or 3D geometry (2D for carpeting, and film-like finishes)

2 Material representation, with name and model graphical finish (texture map)
3 Parametric geometry, if not fixed
4 Connection locations and requirements with other systems: electrical,

plumbing, telecommunications, structural, airflow
5 Performance specifications, operating life, maintenance cycle, light
transmittance, and other specs used in selection (varies by type of equipment)
6 Luminous Intensity Distribution Curve (for light fixtures)

7 Links to product distribution channels

In creating BOMs, the information content will change depending on design stage.
In G202 document [75] published by the American Institute of Architects (AIA), there
is a definition called Level of Development (LOD) describing the specific information
content requirement and corresponding authorized uses for each model element. The
meaning of “model elements” is similar to “BOMSs” in the following content, and the

general content requirements are listed in Table 3-4-2.
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Table 3-4-2. Level of development and model element content requirements [75]

LOD Model Element Content Requirements

100 The Model Element may be graphically represented in the Model with a
symbol or other generic representation, but does not satisfy the requirements
for LOD 200. Information related to the Model Element (i.e. cost per square
foot, tonnage of HVAC, etc.) can be derived from other Model Elements.

200 The Model Element is graphically represented within the Model as a generic
system, object, or assembly with approximate quantities, size, shape, location,
and orientation. Non-graphic information may also be attached to the Model
Element.

300 The Model Element is graphically represented within the Model as a specific
system, object or assembly in terms of quantity, size, shape, location, and
orientation. Non-graphic information may also be attached to the Model
Element.

350 The Model Element is graphically represented within the Model as a specific
system, object, or assembly in terms of quantity, size, shape, location,
orientation, and interfaces with other building systems. Non-graphic
information may also be attached to the Model Element.

400 The Model Element is graphically represented within the Model as a specific
system, object or assembly in terms of size, shape, location, quantity, and
orientation with detailing, fabrication, assembly, and installation information.
Non-graphic information may also be attached to the Model Element.

500 The Model Element is a field verified representation in terms of size, shape,
location, quantity, and orientation. Non-graphic information may also be

attached to the Model Elements.
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Aside from the LOD definition from the US, there is a similar model element
definition from the UK. The Level of Definition (LOD/LOI) contains Level of Details
(LOD) and Level of Information (LOI) [76][77]. The LOD here is used to describe the
level of geometric detail including 2D and 3D geometry, and the LOI is used to describe
the level of required information according to design stage. The Level of Development
(LOD) from the US is generic and flexible, and the Level of Definition (LOD/LOI)
from the UK is more feasible in implementation aspect. It is suggested to consider both
definition in creating model elements.

In this research, the term of “BIM element models” is used to represent the meaning
of “BOMs” or “model elements” for maintaining the naming consistency. In modeling
the BIM element models of the Blue-Green design, it is composed of blue (water)
measures and green (greenery) measures. There are five modeling key tasks proposed.
(1) Collect required product information

Information modeling is the first step of the system modeling. For the product
information is the source for information content of BIM element model such as Table
3-4-1, it is suggested to collect the product information as complete as possible. Once
there is lack of information in particular area, the reference information collected from
similar product cases can be used to replace the missing information. With reference to
the Blue-Green requirements and the workflow manual prepared in previous paragraph,
the information needed for the Blue-Green design can be outlined. Also, the LOD
specification document [78] and NBS BIM toolkit [79] website are official resources
contained BIM element model definitions mentioned above. For these resources provide
the descriptions of specific BIM element model toward corresponding authorized uses,
it indicates the descriptions of suitable information contained in BIM element model as

reference for selecting needed product information. On the basis of above
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considerations, the selected product information is prepared for creating the BIM
element models of the Blue-Green design to convey design intent.
(2) Decide appropriate behavior of BIM element model

The process to model the behavior of BIM element model is to decide how BIM
element model updates itself when its content is changed [11]. In general, BIM platform
has built-in behavior defining the relationship that BIM element model adjusts itself
with related BIM element models or parameters automatically. In modeling the behavior
of BIM element model, it is suggested to consider the potential BIM uses. For example,
Kuo [80] presented BIM-based energy analysis for BIPV building. When BIM project
model of the BIPV Experiment Demonstration House is transferred to gbXML format
[81] which is data schema used for energy analysis software, the BIM element model of
BIPV module is not transferred to this format for interoperability issue. As a result, the
BIM project model used for energy analysis could be different to the model used for
construction coordination even in the same project. For there is no only guidance in
creating BIM project model, it depends on the purpose of BIM use to choose suitable
approach to model building elements. Designer can either choose BIM element model
template of specific built-in type to create BIM element model with existing product, or
use generic BIM element model template to create new BIM element model with
customized parametric behavior.
(3) Create geometry of BIM element model

In modeling the geometry of the Blue measures and Green measures, the major
concern is to make BIM element model in simple shape but maintain the functionality.
Modeling approaches such as Constructive Solid Geometry (CSG) [82] can be used for
geometry modeling. The feature of CSG is to enable modeler using Boolean operators

to combine simple 3D objects into overall 3D model. It is suggested to maintain the
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quantity of 3D objects and the polygons as minimum as possible. The graphical loading
of computing device could be reduced when BIM element models are loaded into BIM
project model.
(4) Set parametric configuration of BIM element model

There are three aspects in parametric modeling. One is to set product information to
parameters of BIM element model. The other one is to set constrain parameters to
control geometry of BIM element model. The rest one is to set parameters according to
the formula combined with information parameters or constrain parameters. The
relationship created between parameters and geometry is used to design building model
with versatility.
(5) Assemble BIM element models as whole system

In general, the BIM element models of the Blue measures and Green measures are
created in different categories. It is required to encapsulate two kind of BIM element
models as a whole system package and the parametric relationship between the Blue
measures and Green measures is needed to be created. The implementation for above
modeling key tasks are varied according to the feature of selected BIM platform.
Therefore, the integrated BIM element models are prepared to represent the solution of

the Blue-Green design.
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3.5 Key Tasks of Performance Modeling

In modeling the performance of the Blue-Green design, it requires customized
design tool with building performance analysis function for architect to evaluate the
design alternatives. There are three key tasks proposed here.

(1) Determine the performance indicators to be checked with the inputs and the outputs
of existing BEM tools

The first step is to determine the expected performance indicators of the Blue-
Green design according to the Blue-Green requirements. The performance indicators
and the corresponding analysis methods could be derived from urban planning policy,
building regulation or self-developed calculation method.

Once the performance indicators are chosen, these indicators can be compared
with the inputs and the outputs of existing BEM tools listed in Figure 3-5-1[54].
While the indicators can satisfy part of the Blue-Green requirements but not being
listed in the outputs of existing BEM tools, it is recommended to implement the
corresponding analysis method. In the other hand, there are circumstances that the
indicators listed in the outputs of existing BEM tools worth implementing the analysis
methods. Once the outputs of the BEM tools require sophisticated inputs and the
indicators can aid in reducing the scope of the design variable, it is also recommended

to implement the analysis method with fewer inputs to have perform instant analysis.
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Recommended required inputs (as per building lifecycle phase application)

Outputs (as required by user)

Facility Management

Building geometry
§ _ Building orientation
2. & Weather file
g g’ Building envelope constructions
@} HVAC type

Building type / function
Glazing type
Lighting power density

Equipment power density
Occupancy schedule
Lighting schedule
Equipment schedule

Fuel type

Design Development

Operable windows

Operable window schedule

Construction Documents

System energy efficiency
Albedo (roof reflectance)

Construction and Contracting

User-defined glazing specifications

User-defined envelope construction layers / properties

MEP BIM model

Water efficient fixtures

HVAC component sizings

Customizable occupancy schedule
Customizable lighting schedule
Customizable equipment schedule
Plant Data

HVAC fan power

Required interior design temperatures
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Figure 3-5-1. The inputs and outputs of the BEM tools (extracted from [54])
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(2) Define the scope of the design tool and design the inputs and the outputs of the
analysis method
The scope of the design tool should be well defined. It is suggested to design the
inputs of the analysis method collected from BIM project model as much as possible.
The outputs of the analysis method are the performance indicators in general.
(3) Develop and validate the analysis method of the tool
The analysis method is required to be developed and validated before published as
the core of the design tool. In case that analysis method is referenced from existing
literature, it is only needed to validate the consistency between analysis method and
implementation.
(4) Design and implement design tool with BIM capability
In designing the software architecture of the design tool, the design tool can be
formulated in different forms such as plug-in toolkit, standard software or web
service depending on different situations. Concerning that the interoperability issue
between BIM platform and BEM tools may result in rework, it is better to seek a
holistic approach to formulated the design tool. For example, Schlueter and
Thesseling [83] create an energy analysis tool using Revit Application Programming
Interface (API) to directly extract design data from BIM project model. In the other
way, Negendahl [84] reviews about building performance simulation in the early
design stage. The review paper suggests using visual programming language as
middleware to exchange and maintain consistent design data between design tool and
building performance simulation environment. Based on this suggestion, it is
applicable to take a step forward to use visual programming language in creating the
design tool with building performance analysis.

In order to determine the pros and cons between programming using BIM
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platform API and programming using visual programming language, Table 3-5-1 [85]
which focuses on Autodesk solutions can be referenced to show the features of both
approaches. In Table 3-5-1, Revit macro represents programming using BIM
platform API and Dynamo script represents programming using visual programming
language. Revit Macro can provide higher efficiency in software runtime, but it is
hard to be modified while Revit Macro is compiled. Dynamo provides visual
programming environment for user to manipulate design data intuitively, and
Dynamo script can be modified or extended with high flexibility. Considering
shortening the development cycle of the design tool and maintaining flexibility in
modification, this research proposes using visual programming language in
implementing the analysis method.

For the design tool are used to satisfy the Blue-Green requirements and improve
the nature of design performance, the outputs of the analysis method can be used to
form the Blue-Green design in the BIM project model with the BIM element models
prepared previously. This function can be implemented using the behaviors of the
BIM element models. Therefore, the design tool can be used to connect the analysis
results into design content.

Table 3-5-1. The strengths and the weaknesses of both Dynamo and Revit Macro

(modified from [85])
Dynamo script Revit macro

Fast to create 5 2
Runs Fast 2 5
Ease of Use 3 5
Ease to Modify 5 2
Few Users 5 4
Lots of Users 2 5

Note: Excellent (5) / Very Good (4) / Good (3) / Fair (2) / Poor (1)
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4. Implementation of BIM-enabled Blue-Green Design Framework

In order to demonstrate the implementation of BIM-enabled Blue-Green design
framework, this study presents modeling approaches in early design stage. The
proposed design process is shown in Figure 4-1, which is illustrated using BPMN.
There are tasks listed with index from 1.1 to 2.5 in the design process. The design
iterations from Task 1.1 to 1.7 are described as design process of Brief stage under CDE,
and the design iterations from Task 2.1 to 2.5 are described as design process of
Concept Design stage under CDE. In general cases, design teams could be architect
team, structural engineer team, mechanical engineer team, electrical engineer team,
plumbing engineer team and sustainability consultant team. This proposed design
process is a simplified case focusing on architect team and sustainability consultant
team to emphasize the major activities of the Blue-Green design process.

When design team of architect gets contract of the project, they start to prepare
initial project brief (Task 1.1 Conduct Preparation and Brief). The implementation of
the requirement modeling and the process modeling can be conducted according to the
initial project brief in Preparation and Brief stage (Task 1.2 Conduct Requirement
Modeling, 1.3 Conduct Process Modeling). Blue-Green requirements and List of Blue-
Green Design Exchange Requirement are the outputs of Task 1.2 & Task 1.3. The
Exchange Requirement abbreviated as ER in Figure 4-1 is the required information to
be exchanged between stakeholders. With water tank product information, green roof
product information, Blue-Green requirements, List of Blue-Green Design ER presented
as Appendix 2 and the workflow manual, sustainability consultant team can conduct
system modeling (Task 1.4 Conduct System Modeling). Along with the Task 1.4,
sustainability consultant team can reference the inputs and outputs of the BEM tools to

create design tool with proposed analysis method (Task 1.5 Conduct Performance
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Modeling). The output of the Task 1.4 to Task 1.5 contains BIM element models and
customized Blue-Green design tool prepared for next design stage. In Task 1.6, architect
team submits design data to employer. With the initial project brief, the Blue-Green
requirements and the workflow manual are authorized by employer, the above design
data can be published and archived as the output of design stage milestone (Task 1.7
Publish and Archive Design Report). After Task 1.7, the design process moves to the
Concept Design stage and design teams start to create the BIM project model as initial
respond to the initial project brief (Task 2.1 Conduct Concept Design). In Task 2.2,
architect team uses the BIM project model to conduct the Blue-Green design. With the
BIM element models of water tank and green roof are loaded in the BIM project model,
the process of Blue-Green analysis and design can be conducted with customized design
tool. After architect analyzes and designs the BIM project model, sustainability
consultant team will review the BIM project model according to the Results of Blue-
Green Design Exchange Requirement (Task 2.3 Review Blue-Green Design Results)
along with design iterations.

The design iteration is a continuous collaboration process of design optimization.
Once the design results are accepted among design teams, the prepared design data of
the Concept Design will be reviewed by employer (Task 2.4 Prepare Design Data). The
design data including the BIM project model containing Blue-Green measures, final
project brief, preliminary cost information and project strategies will be published and
archived in the end of the Concept Design stage (Task 2.5 Publish and Archive Design
Report). Then, the design stage moves to Developed Design stage. The following
paragraphs present the content of the BIM enabled Blue-Green design framework (Task
1.2 Conduct Requirement Modeling, 1.3 Conduct Process Modeling, Task 1.4 Conduct

System Modeling, and Task 1.5 Conduct Performance Modeling).
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4.1 Requirement Modeling for Case Study

In Task 1.2, the purpose of the requirement modeling is creating the Blue-Green
requirements containing the project requirements related to the Blue-Green design and
the potential measures of the Blue-Green design. The key tasks of the requirement
modeling are as follows:

(1) Identify the project requirements with the Blue-Green design

The practical project requirements are varied from project to project. There exists
urban development principles of Low Impact Development (LID) [86] for water system
and Biotope Area Factor (BAF) approach [15] for greenery system. In this research, it is
assumed that the project requirements contain principles of LID and energy usage
reduction are two major concerns. It requires that BIM project model can fulfil the
minimum requirement of LID guide and the proposed green roof system with best
thermal performance can be selected among available products.

The LID methodology is referenced from Taiwan’s Construction and Planning
Agency [86]. The calculation of LID indicator is used to size the area of greenery
system and the capability of water system. The energy usage reduction is expected to be
improved with better thermal performance of greenery system around building envelope.
(2) Outline the potential measures of the Blue-Green design

In order to implement the solution of the BIM-enabled Blue-Green design
framework, water tank and green roof are chosen as case study of the Blue-Green
design. The design of combining green roof with water tank can be used to increase the
volume of water retention for LID indicator. The green roof system on top of the

building can provide better insulation for improving thermal performance.
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4.2 Process Modeling for Case Study

In Task 1.3, the following key tasks of process modeling are used to document the
information of the design process as workflow manual. Once the workflow manual of
the Blue-Green design is prepared with the Process Map and the Exchange
Requirements, it could be used by design teams to describe and clarify the collaboration
interface and process.

(1) Clarify the expected workflow and information exchange for the design and
analysis process.

In this research, the scope of design process is from Preparation and Brief (Brief)
stage to Concept Design (Concept) stage. The structure of design process and
information exchange are referenced from PAS 1192-2 document [56] and RIBA plan
of Work [59].

(2) Document the information using Process Maps and Exchange Requirements

The workflow manual contains Process Maps and Exchange Requirements. To
document the design process, the methodology of BPMN [74] is used to illustrate the
Process Map. The Process Map of the Blue-Green design process (See Figure 4-1) is
developed with reference to the design process mentioned above and the Process Map
proposed by Kuo et al. [87]. The concept of CDE is also embedded in the Process Map.
There are expanded sub-processes named “Work in Progress” which performs the same
action in CDE. The lane of information exchange can be recognized as “Shared” folder
of CDE. In addition, the process to be “Publish” and “Archive” design data is the
process of CDE. The Exchange Requirements of the workflow manual is “ER Blue-
Green design results” shown in Figure 4-1. The content of the Exchange Requirements
(See Appendix 2) is referenced from the inputs and the outs of the customized design

tool and the Information delivery manual for building energy analysis [88].
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4.3 System Modeling for Case Study

In Task 1.4, it is the process to create BIM element models. In general, BIM
platform should be selected according to the technology capability of design teams.
Concerning choosing BIM platform software for the system modeling in this research,
there is National BIM Report 2016 [89] showing the most popular drawing tools of
architecture, engineering and construction professionals in UK. The result indicates that
Autodesk Revit occupied 31%, Graphisoft ArchiCAD occupied 19% and Nemetschek
Vectorworks occupied 15%. Furthermore, a survey using Google Trend service shows
the popularity of BIM platform software in past five years (See Figure 4-3-1). In this
survey, there are five BIM platform software listed in BIM handbook. The vertical axis

of Figure 4-3-1 represents the search interest for that software [90].
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Figure 4-3-1. The global trend of BIM software [91]

For modeling the measures of the Blue-Green design, Autodesk Revit 2017 [92] is
selected as BIM platform according to above survey results. In implementing BIM
element models, selecting appropriate type of template as a basis to create BIM element
model is important for the usability. The BIM element model of Autodesk Revit is

called family [93][94]. There are three types of families listing in Table 4-3-1 [95].
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Table 4-3-1. Three Types of Revit family [95]

Family type Description

System System families create basic elements which could be assembled on a
Families construction site such as walls, roofs, floors, ducts and pipes.
Loadable Loadable families are families used to create the following: Building
Families components that would usually be purchased, delivered, and installed

in and around a building; some annotation elements that are routinely
customized, such as symbols and title blocks.
In-Place In-place elements are unique elements that user creates in need to

Families create a unique component that is specific to the current project

In modeling green roof and water tank, the first step is to check the design stage and
the corresponding requirement of BIM element model. The design stage of this research
is focusing on Concept Design stage. For checking design requirement of the BIM
project model, Table 3-4-2 can be used to have an overview on it. Since the description
of LOD in AIA G202 document [75] dose not tightly couple LOD with specific design
stage, the applicable scenario could be LOD 100 to 200. In this scenario, the BIM
element models could be visualized in 2D symbol or 3D generic model. There are
further descriptions close to the BIM element models of green roof and water tank in
LOD specification [78] listing in Table 4-3-2. In general, the size, the shape and the
location of the BIM element models should be modelled. The parameters of design
performance could be attached to the BIM element models. Besides, the description of
roofing does not exactly fit the design requirement of extensive green roof. The

information about Level of Definition for extensive green roofis listing in Table 4-3-3.
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Table 4-3-3. Level of Definition of extensive green roof system [96]

Level of Definition  Description for Concept Design stage

Level of Detail 1. Requirement: Graphical representation of element,
dimensionally inaccurate.
2. Purpose of information: To provide a visual indication of
proposals at a Concept stage identifying key requirements such
as access and maintenance zones etc.
Information to be suitable for spatial coordination of primary
systems / elements.

Level of To provide an outline description of the deliverable. It provides

Information the type of object to detail any design intent.

With above preparation, the process to create the BIM element models could be
initiated. The detail of modeling process is shown in following paragraph:
a. Blue Measure Modeling — Water Tank
(1) Collect required product information
According to the requirements of the Blue-Green design and Table 4-3-2, the
information needed for creating the BIM element model of water tank is shown as
follows:
® The size and the shape of water tank
® The water storage capacity of water tank
® The weight of water tank
For the usage of BIM element model of water tank is to help architect design
Blue-Green system, the above information will be encapsulated in BIM element

model with parametric relationship between parameter and geometry.
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(2) Decide appropriate behavior of BIM element model

Concerning the feature of water tank, it could be a standalone equipment in

installing the product. Also, water tank should be connected with plumbing system.

Therefore, the family category of water tank BIM element model is selected to be

plumbing fixtures and designed as loadable family in Revit.

(3) Create geometry of BIM element model

In modeling the size and shape of water tank, it is created with reference to

existing water tank. In this research, the BIM element model of water tank is

collected and modified from BIM element model website [97] as basic model to be

further developed (See Figure 4-3-2). The major modeling approach of this BIM

element model is to revolve a 2D section around the vertical axis to create model

mass such as the body of water tank.
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(4) Set parametric configuration of BIM element model

The design behavior of BIM element model is expected to be controlled and
changed parametrically. Before the parameters are designed in the BIM element
model, the Pipe Connector [98] which is used to connect piping system is placed on
the top of water tank model (See Figure 4-3-2). Therefore, the BIM element model of
water tank can be parametrically connected as part of building plumbing system in
BIM project model.

There are two kinds of parameters designed in the BIM element model. One is
used to constraint model geometry called constraint parameter, and the other one is
used to design the content of model called design parameter in this paragraph. The
constraint relationship between model geometry and reference plane is connected
with parameters of family. The constraint parameters are created as instance
parameter to be connected with existing constraint relationship in water tank model
(See Figure 4-3-3). Therefore, the constraint parameters could be used to control the
geometry of model. Besides constraint parameters, the design parameters are
designed according to the combination of each parameters.

In modeling the water storage capacity of water tank, the calculation formula is
designed according to the shape of water tank. It is assume that the water volume is
composed of the summary volume of three truncated cones and one cylinder (See
Figure 4-3-4), and this assumption is modeling in the calculation formula of design
parameter called Maximum water volume. Concerning creating the parametric
relationship between model geometry and product specification, the design parameter
called Designed water volume is created to approximate Maximum water volume and

control model geometry.

44 d0i:10.6342/NTU201803891



168€08TOTN.LN/TVE9"01:10P St

([L6] woiy paygrpowr) [opow JUIWA[D INF Nue) 191em Jo (WYSLI) ma1a doy pue (3J3]) MIIA UONIAS Y], “¢-¢-f 231

g

" " v
10LY \4 001 =1 [10 sniper jue], 001 = Yue) Jo snipey \_
Jayoayn 3 parn o~ 001 = € 12 sniperjue ],
(1) —
Jouiny [r— s yueL Iy

jeq weg
JBGUINU 12801 euny oy

yue ] Jalep

alep afold

18UMQO

00T = € |10 snIpet yue[, )
1 = J0A00 Surpnpout yuel Jo WS (7 = 12400 Yurl JO SnIpEy

O =ue Jo W3

< 7 J,
V
|
|

2jeg | uonduessg | oN

PAT IR

kst

i

_ - - - | )
Zl=¢y =4 —_— 1.7.




The calculation formula of Designed water volume is assumed as single cylinder,
and radius of this cylinder is Radius of tank which is constraint parameter. In
designing the parametric relationship between Designed water volume and Radius of
tank, the calculation formula is configured in the formula column of Radius of tank to
reference Designed water volume as formula parameter. Therefore, designer can
change the value of Designed water volume and trigger the transformation of model
geometry instantly. The behavior of model transformation is only focused on
changing the model radius, and the rest dimensions such as height of water tank are
fixed.

In modeling the weight of water tank, Weight of full water tank is the design
parameter contain Designed water volume and Water tank envelope volume to
represent the specification. Water tank envelope volume is modelled as larger
Maximum water volume to minus original one. The calculation formula of weight of
water tank is composed of each volume multiplied with corresponding density. The

overall parameters are shown in Figure 4-3-5.

Truncated Cone

Truncated Cone

- Cylinder -

1 Truncated Cone j

Figure 4-3-4. Modeling water volume of water tank
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b. Green Measure Modeling — Green Roof
(1) Collect required product information

According to the requirements of the Blue-Green design, Table 4-3-2 and Table 4-
3-3, the information needed for creating the BIM element model of green roof is
shown as follows:
® The size of green roof and the depth of each layer
®  The thermal properties of green roof
® The weight of green roof

(2) Decide appropriate behavior of BIM element model

Concerning the feature of green roof, it could be an individual facility to be placed
on the top of original roof or a part of composite roof structure. Therefore, there are
two kind of modeling approaches to be considered to create green roof model. One is
modeling as a loadable family, and other one is modeling as a system family. Hsu et
al. [32] created green roof BIM element models using these two modeling approaches
and made comparison results shown in Table 4-3-4.

According to the results, the BIM element model created as system family can be
modeling along building envelope with built-in modeling behavior. Compared to
loadable family approach, the computing loading in real-time modeling is optimized
by Revit engine. Besides, the thermal properties can be imported layer-by-layer in
roof system family. It is convenient to manage material data. In BIM-based energy
analysis process, system family can be transferred to gbXML format. It is suggested
to model green roof using system family as part of building envelope to reduce
potential interoperability problem in design stage. Therefore, the family category of
green roof BIM element model is selected to be roof category and designed as system

family in Revit.
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(3) Create geometry of BIM element model

In modeling

the size of green roof, it is the design content arranged by designer

during design stage and it can be achieved by using Revit built-in behavior of roof

system family. In modeling the depth of each green roof layer, it is created with

reference to existing green roof. In this research, the BIM element models of green

roof are collecte

d and modified from 15 BIM library websites [100] (See Figure 4-3-

6). In order to make each case comparable, the settings of the structure layers for all

cases are assigned to the same concrete material with 20 cm thickness.
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(4) Set parametric

. Four BIM element model types of green roof and concrete roof

configuration of BIM element model

In modeling the thermal properties of green roof, it required the product

information provided by manufacturer. The BIM element models of green roof

collected contain

wrong material,

s thermal properties. For some layers of green roof assigned with

it is corrected by assigning corresponding materials from the Revit

built-in material library (See Appendix 1). In modeling the weight of green roof, the

unit weight can be calculated according to physical properties of green roof.

C.

Assemble BIM element models as whole system
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In order to use the BIM element models of the Blue-Green design in the BIM
project model, it is required to make two kind of BIM element model as a package.
The water tank BIM element model is created in loadable family, but the green roof
BIM element model is created in system family which cannot be directly loaded into
project. Therefore, the solution is to load the water tank BIM element model to the
Revit project file containing the green roof BIM element model. Then, the BIM
element model of drain [97] can be collected from website to be placed on the green
roof BIM element model. With use of the piping function in Revit under “Plumbing
& Piping” classification, the elements of the water tank and the drain can be
connected using “Flex Pipe” shown in Figure 4-3-7. The Revit project file with these
BIM element models is an integrated package. When user open the BIM project
model file and the package file at the same time, and user can select all the BIM
element models using “Copy to Clipboard” function in the package file and use
“Paste from Clipboard” in the BIM project model file. As a result, the integrated
package can be applied to different BIM project model to be used without the

limitation of model category.

Figure 4-3-7. The BIM element models containing the green roof and the water tank
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4.4 Performance Modeling for Case Study

In Task 1.5, the purpose of performance modeling is creating customized design tool
for the Blue-Green design. Concerning there are two kind of sub-systems in the Blue-
Green design, it requires analysis functions to evaluate the performance of the sub-
systems and design functions to integrate the sub-systems as whole system according to
the analysis results. The following paragraphs show the implementation of a design tool
containing analysis functions. In this design tool, two analysis functions are
implemented for green roof and water tank. Low Impact Development (LID) [86]
analysis function is used to size the green roof and water tank. Thermal analysis
function is used to evaluate the thermal performance of green roof.

4.4.1 Development of Low Impact Development Analysis Function
(1) Determine the performance indicators to be checked with the inputs and the outputs
of existing BEM tools
For the size of green roof and water tank is related to the ability of collecting water,
the calculation of water retention is selected as an indicator of the analysis function.
There is a concept called LID [86] to reduce the impact of land development by
optimizing water conservation. Thus, the idea of LID can be connected to the
implementation of the Blue-Green design. The method to calculate water retention
comes from the operation manual for Low Impact Development facility [101]
published by Taiwan’s Construction and Planning Agency in Ministry of the Interior.
By looking up the inputs and outputs of the BEM tools (See Figure 3-5-1), it is
shown that water efficient fixtures and water usage are two factors related to water
aspect. Therefore, the calculation method of water retention is not implemented in the

mainstream BEM tools. The method is called LID analysis in the following paragraph.
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(2) Define the scope of the design tool and design the inputs and the outputs of the
analysis method
The scope of the proposed design tool is aimed to help architect designing green
roof and water tank according to the official analysis method and the thermal
performance analysis in Concept Design stage. The LID analysis function is proposed
to analyze the required water retention of the project site to size the green roof and
water tank. The assumption of this research to use the LID analysis method is that
green roof and water tank are the first priority of the LID facility design.
Input Data
The input variables of the LID analysis method are shown in Table 4-4-1-1. The

input variable such as the project site area A and the designed green roof area Ag, can

be collected from BIM model. The required water retention depth of the project site S4
is referenced from Table 4-4-1-3. The default value of the unit water retention capability
of green roof GR., water tank WT, and permeable pavements PP, are defined
according to the operation manual [101].

Table 4-4-1-1. Input variables of the LID analysis method

Input type Input variable Description Unit  Default Value
1. The inputs are A The project site area m’ -
extracted from . 3
Agr The designed green roof area m -
BIM model.
2. The inputs are S4 The required water retention depth ~ m (See Table 4-4-
default value. of the project site 1-3)
GR, The unit water retention capability ~ m’/m* 0.3 [101]
of green roof
WT, The unit water retention capability ~ m*/m® 1 [101]
of water tank
PP, The unit water retention capability ~ m*/m* 0.075 [101]

of permeable pavements
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Output Data

The output variables of the LID analysis method are shown in Table 4-4-1-2. The
volume of water retention SE is the LID indicator. The designed volume of water tank
V. and the designed area of permeable pavements A4,, are the calculation results of
LID analysis method.

Table 4-4-1-2. Output variables of the LID analysis method

Input variable Description Unit
SE The volume of water retention (LID indicator) m’
Vot The designed volume of water tank m’
App The designed area of permeable pavements m’

(3) Develop and validate the analysis method of the tool
For the development and the validation of the LID analysis method is conducted
by the research project of the Ministry of the Interior [85], this research focuses on
the implementation of the LID analysis method. With defining };I-; LV; as the total
amount of the volume of water retention collected by each LID facility to fulfil the
requirement of the project site, the formula of the LID analysis method is referenced
from the operation manual [101] as follows:
SE= Y1, LV;>85;%xA (1)
Concerning the LID facilities listed in Table 4-4-1-3, there are two kinds of design
requirements. The LID design using bio-retention cell, tree box filters, green roof,
grass swales or permeable pavements is required to fulfil the 80% of the required
water retention depth of the project site. Besides, there is no requirement on LID
design of water tank, infiltration well or infiltration gutter.
In calculating the formula, it is required to define the land use of the project to
obtain the required water retention depth S, (See Table 4-4-1-3). To multiply $4 with
the project site area, the required volume of water retention for the project site is
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obtained. Then, the area of green roof Ay, can defined by architect. To multiply
Ay with GR, , the volume of water retention contributed by green roof is obtained.
Once the design of green roof cannot fulfil the 80% of the water retention for the
project site, the design of permeable pavements are used to compensate the rest
difference in the 80% of the volume of water retention (Ag X GR. +A,, X PP, =
Sq4 X AX80%). In the end, the 20% of the water retention for the project site is
satisfied by the design of water tank (V,,;, X WT, = 845 X A X 20%). Therefore, the
formula of the LID analysis is:

SE= Y1 LV; = Ay X GR, +Ap, X PP, + Ve X WT, > Sq % A )

Table 4-4-1-3. The required water retention depth of the project site with LID [101]

Land Use Housing Business district Business district Industrial
district (Others) (No.4/No.5) district
Required water retention depth

LID water retention
capability analysis il o 5.0cm 4.0 cm 5.0 cm

Bio-retention Cell

Tree Box Filters

Green Roof 4.8 cm 4.0 cm 32cm 4.0 cm
(>=80%) (>=80%) (>=80%) (>=80%)

ey ary

Grass Swales

Permeable Pavements

Water tank
Infiltration Well/ (There is no required water retention depth for these facilities)

Infiltration Gutter
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4.4.2 Development of Thermal Analysis Function
(1) Determine the performance indicators to be checked with the inputs and the outputs
of existing BEM tools
The thermal performance of the green roof affects the energy consumption of the
whole building. Therefore, the thermal performance such as temperature or heat-flux
can be indicators to design green roof. With reference to the inputs and outputs of the
BEM tools (See Figure 3-5-1), there are some inputs (albedo, user-defined envelop
construction properties and plant data) and outputs (energy analysis, thermal analysis
and) related to the thermal analysis of green roof. Although there exist BEM tool with
thermal analysis function, the cost to transfer BIM model into BEM tool is still high
due to interoperability issue. This research implements a thermal analysis function to
help architect evaluating the thermal performance of green roof without spending
much efforts on transferring model.
(2) Define the scope of the design tool and design the inputs and the outputs of the
analysis method
The core of the thermal analysis function in design tool is the physical model of
the thermal behavior. Because there is a green roof module [102] in EnergyPlus with
plenty of laboratory parameters, this research focused on developing efficient thermal
models with physical parameters provided by the manufacturer that can be extracted
from the BIM element model. In addition, unlike the detailed energy modeling in
EnergyPlus, the thermal model should perform simple thermal functions to simulate
design performance rapidly.
The thermal models in this study are developed in a multi-paradigm numerical
computing environment - MATLAB [103]. Two thermal models are implemented.

The thermal model using the finite difference method is used to validate the
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performance of the thermal model developed in this study, which is called the Integral
Model. After validation of the thermal model, the Integral Model is used in the design
tool.

The thermal model of a roof is described in Figure 4-4-2-1. The development of
the thermal model in the following paragraph is referenced from Kuo et al. [104] and
the major contribution is made by Mr. Ivo Suter and Dr. Maarten van Reeuwijk. The
thickness of the roof'is d, and z is unit length from the bottom of the roof to the top of
the roof. The heat flux of solar radiation is divided into shortwave radiation §; and
longwave radiation L;. The longwave radiation transmitted from the roof to the air is
L;. Besides, the roof has the sensible heat flux H and the evaporative flux E from roof
to air. The value of H could be negative when the heat flux is transferred from air to
roof. ¢y, 1s the heat flux into the building. T is the surface temperature of the roof.
T, is the temperature function of time, which represents atmospheric temperature.
T(z,t) is the temperature function of time within the roof at a height of z. T}, is the

temperature of the building, which is fixed in this research.

S, Ly Ly

\ \ / T, ? ? Atmospheric Temperature 7,
-~ | |

aZT
d 0 (pc P)e = ﬁ Roof Temperature 7(z, t)
I |
> =
75 *gbb Building Temperature 7}

Figure 4-4-2-1. Roof profile and the thermal model
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Governing Equation Assumption:

The thermal model assumptions are as follows:

1. Roof materials, which include plants and soil, are treated as a single homogeneous
material.

2. The heat transferred within the roof is diffused vertically, and horizontal heat
transport is not considered in this study.

3. Chemical reactions and physical factors of the green roof material resulting in heat
transfer are ignored.

For developing the thermal model, it is assumed that the heat transfer of the roof can
be modelled using the heat diffusion equation. The heat diffusion equation is supposed
to have a T function to model temperature change with time through the roof structure.
The heat transfer through the roof can be described with

oT 9T
a Koz 3)

where T (z, t) is the roof profile temperature, K is thermal diffusivity, z is unit length
of roof depth, and ¢ is time. Therefore, the major issue of the roof model is to solve the
heat diffusion equation, which is a one-dimensional partial differential equation.

Concerning that green roof is composed of multi-layer, the properties of the green
roof are calculated as effective values in the equations. Substitute equation (3) with
equation (4), the heat equation (5) is obtained with the effective thermal conductivity 4,
and the effective volumetric heat capacity(pcp)e.

Ae

Ke = (Pcp)e (4)
aT 2T
(pcp)ea = Aeﬁ (5)

Therefore, the boundary condition of the roof bottom and the rooftop can be denoted

in equation (6) and equation (7).
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oT
2.20,t) = ¢, (6)
aT
Aea(d,t)zsl-l—Ll—LT—H—E (7)
In equation (7), longwave radiation is denoted using the Stephan-Boltzmann law
with parameters such as the emissivity € and the Stefan-Boltzmann o [105]. The
sensible heat flux H is modeled using convective heat transfer coefficient h [105] and

the evaporative flux E is modeled with the Bowen ratio Bo = H/E [106]. As a result,
the equation (7) can be written in equation (8).
2.5°(d,t) = S, + £0T4 — £0T¢ — (1 + o) h(T, — T,) (8)
Input Data
The input variables of the Integral Model are shown in Table 4-4-2-1. In addition,
the value used for validating the Integral Model are referenced from the physical

properties and listed in the table.

Table 4-4-2-1. Input variables of the thermal model

Input type Input Description Unit Value used for
variable validation
1. The inputs are d Roof thickness m 0.05-1
extracted and R Thermal resistance (m>K)YW  0.11-2.22
calculated from A, Thermal conductivity W/(m-K) 0.45
BIM model. (Pcp)e Volumetric specific heat capacity J/(m*-K) 2.43x10°
K, Thermal diffusivity m?/s 1.85x 107
2. The inputs are h Convective heat transfer coefficient ~W/(m’-K) 16
default value. & Emissivity - 0.85
(14 Albedo - 0.4
Bo Bowen ratio - 2
T, Building temperature K 295
3. The inputs are S, Shortwave radiation W/m® (Equation (11))
extracted from T, Atmospheric temperature K (Equation (12))

weather data.
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The input variable such as roof thickness d, thermal conductivity 4,, volumetric
specific heat capacity (pc,)., and thermal diffusivity K, are designed to be collected
from BIM model. The roof thickness d and the thermal resistance R can be directly
extracted from the green roof BIM element model. With using the equation (9), the

thermal conductivity 4, can be obtained.

R=+ ©)

For the volumetric specific heat capacity (pcp)e. , it can be calculated according to the
thermal properties of each green roof layer. Assuming that the green roof is composed

of n layers with d; and (pcp)i , (p€p)e can be obtained with equation (10). After the

thermal conductivity 4, and the volumetric specific heat capacity (pc,), are prepared,

the thermal diffusivity k, will be calculated using equation (4). The input variable such
as convective heat transfer coefficient h, emissivity &, albedo &, Bowen ratio Bo and
building temperature T, are default value in the design tool. The rest input variable such
as air temperature and shortwave radiation are collected according to the weather data
of the project site.

Yi=1di(pcp),
(pey), = ZEridece) (10)

For validation the thermal model, the values of the input variables are referenced
from the physical properties. Concerning that heat transfer process is driven by time-
varying atmospheric forcings, an idealized forcing strategy [107] is applied in the
validation. The shortwave radiation §; and the atmospheric temperature T, will be
described using sinusoidal functions. Assuming that the shortwave radiation §; is zero

during nighttime, it is defined using positive part of sinusoidal function in equation (11).
For setting the variables, S| o 1s 700 % and w is angular frequency in rad/s.

S,(t) = (1 — a) max(§, sin(wt) + s;_o 0) (11)
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The atmospheric temperature T, is defined in equation (12). The mean atmospheric

temperature T, is 298K and the daily temperature variation T, is 5K. Furthermore, T,
is assumed that there is three hours time-lag compared to S .
T,(t) =T, + T, sin(w(t — 3h)) (12)
Output Data
The output variables of the Integral Model are shown in Table 4-4-2-2. The
surface temperature T¢ and the average temperature inside the wall T,, are used to
indicate the temperature profile of the green roofs. Besides, the heat-flux into the

building ¢, is an indicator to show the quantity of heat-flux to be transmitted into the

building.
Table 4-4-2-2. Output variables of the thermal model
Input variable Description Unit
T, Surface temperature K
T, Average temperature K
o Heat-flux into the building W/m®
61

d0i:10.6342/NTU201803891



(3) Develop and validate the analysis method of the tool

This research develops the Integral Model, which is a trinomial function to

analyze roof performance. The other one is the finite difference method. With the

initial condition and boundary conditions, solution can be obtained. The solution of

the Integral Model will be compared with the solution of the finite difference method

to conduct validation (See Fig. 4-4-2-2).

dT,
P f(Ti-1, T})

Heat Diffusion
Equation

v

Boundary
Conditions

T(z ) = a(t) + b(Dz +c()7

v

Finite Difference
Method

Initial Condition

v

Integral Model

Solution

Comparison

Solution

dc _
—=f(

Figure 4-4-2-2. Developing and validation process
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4.4.3 Development of Blue-Green Design Tool with BIM Capability

The system design of a BIM-enabled Blue-Green design tool is shown in Figure 4-
4-3-1. In this research, the BIM platform and the corresponding visual programming
environment are Revit 2017 and Dynamo 1.3 [108]. The design tool contains Low
Impact Development analysis function and thermal analysis function. The
implementation of the design tool is a set of Dynamo scripts with external library
resources. The Dynamo scripts contains following customized nodes: LID Analysis
Node, Green Roof Filter Node, Data Processing Node, Weather Data Processing Node,
Green Roof Thermal Analysis Engine Node, Design Respond Nodes and Excel Output
Nodes. The terms of “node” is an operation object of Dynamo to form a visual program.
The built-in nodes preform basic Dynamo functions. The customized nodes are
formulated with a group of built-in nodes and scripts to perform specific functions.
Besides, the external library resources are Green Roof Thermal Performance Chart
Library (dynamic link library, dll) and Integral Model (Matlab script). The methodology
of Low Impact Development analysis is implemented in the LID Analysis Node, and
the methodology of thermal model is implemented in a Matlab script.

When launching the design tool, the input interface of the design tool shows up for
user to assign related information for the LID Analysis Node. After the results of the
LID analysis are obtained, a windows form pop up to display the results. Once user
accepts the results, the process move to the Data Processing Node and the Green Roof
Filter Node to collect the thermal properties of green roof in the BIM project model. At
the same time, The Weather Data Processing Node is activated to extract weather data
of project site. The thermal properties of green roof and the weather data are the input to
the Green Roof Thermal Analysis Engine Node to call external library resources for

thermal analysis. In order to conduct thermal analysis, the Green Roof Thermal
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Analysis Engine Node calls the Integral Model through the Green Roof Thermal
Performance Chart Library with Matlab API. The thermal analysis results are displayed
in the green roof thermal analysis chart. User can select preferred type of green roof
listed in the chart. Then, the Design Respond Nodes collect LID analysis results to
modify the properties of the BIM element model of water tank and uses the type of
green roof to create the BIM element model of green roof with assigned area. The
design data could be exported in Excel format using the Excel Output Nodes.

There are different concerns in implementation the design tool. In order to have an
input interface for user, a download package called data-shapes [109] is used in LID
Analysis Node. The inputs are “Land Use”, “Site Area”, “Floor Area”, “GR Area”, “GR
Level”, “Water Tank” and “File Paths” (See Table 4-4-3-1). The “Land Use” is used to
select the corresponding parameters of the LID analysis. The “Site Area” and the “Floor
Area” are used to calculate building coverage ratio and floor area ratio. The “GR Area”
and the “GR Level” are used to create preferred green roof. The “Water Tank™ is used
to assign the BIM element model used of water tank to be designed. The “File Paths” is
used to assign the file path of the excel file for data record.

Table 4-4-3-1. The variables of the user input of the design tool

Input Description Unit  Input Type

variable

Land Use The input is used to assign required water n/a Drop-down list with user
retention depth of the project site. defined default value

Site Area The total area of the project site. User should m’ Revit element selection
select corresponding topography object in Revit.

Floor Area The floor area of the BIM project model. m’ Revit face selection

GR Area The designed green roof area. m’ Revit face selection

GR Level The designed green roof elevation. n/a Drop-down list with

elements of Levels category
Water Tank  The BIM element model used of water tank. n/a Revit element selection
File Path The file path of the excel file to output data. string  File path
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For filtering multiple model elements as a list, the Green Roof Data Filter Node is used
to filter thermal properties data of single BIM element model and the Data Processing Node
is used to process data with a for-loop script. The customized nodes from two loadable
packages called SteamNodes [110] and Lunchbox [111] are used in the Green Roof Data
Filter Node to filter the thermal properties in the material layers of BIM element model. For
obtaining the weather data of the project site, the Weather Data Processing Node is
established to extract solar radiation and environmental temperature from Autodesk
database [112]. For conducting the thermal analysis, the Python script in the Green Roof
Thermal Analysis Engine Node calls the Integral Model using Matlab API through the
Green Roof Thermal Performance Chart Library. The Green Roof Thermal Performance
Chart Library written in C# using .Net framework contains a Data Handler and Windows
Form to deal with windows form event of the Green Roof Thermal Performance Chart.
For implementing the design respond in BIM platform according to the analysis results, the
Design Respond Nodes collect the design decision to modify the properties of the selected
BIM element model of water tank. The modified property is the designed volume of water
tank. In addition, a new BIM element model of green roof can be created with selected roof
type, designed roof area and roof elevation. For the record function, the Excel Output
Nodes are created with built-in nodes to export data as excel file. The overall system
architecture of BIM-enabled Blue-Green design tool is shown in Figure 4-4-3-1, and the

layout of the design tool is presented in Figure 4-4-3-2.
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5. Demonstration and Expert Interview

5.1 Demonstration using Scenario Study

In order to demonstrate a design process with design toolkits of the BIM-enabled
Blue-Green design framework prepared in previous chapter, the following paragraph
presents the procedure of Task 2.1 Conduct Concept Design and Task 2.2 Conduct
Blue-Green Design and Analysis. A campus building of National Taiwan University
(See Figure 5-1-1) is used for scenario study. The Civil Engineering Research Building
(CERB), which belongs to the department of civil engineering, is a nine-story building
with one basement floor. For the design scenario is in the Concept Design stage, the
architect identifies the project requirements with the Blue-Green design and propose
green roof with water tank combined design as principal measure of the Blue-Green

design.

L YT

Figure 5-1-1. Case study - Civil Engineering Research Building and its BIM model.
The building mass model of CERB is created using Conceptual Mass function in
Revit, and the project site area is created using Topography function in the same
software. The mass floor is configured with reference to the information collected from
shop drawings. The setting of project location, orientation and weather station is

configured in the BIM platform. For preparing the analysis and design process, the
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integrated package contained green roof and water tank BIM element models is required
to be used in the building mass model (See Figure 5-1-2). The other BIM element
models of green roofs collected from the BIM library websites are also applied to the

building mass model for thermal analysis.
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Figure 5-1-2. The building mass model of CERB and the BIM element models.

With building mass model prepared, the architect opens Dynamo to launch the
Dynamo script: Blue-Green design tool. The Blue-Green design tool is used to analyze
the potential water retention strategy of the project and the thermal performance of the
green roof. When the Blue-Green design tool is launched, the windows form is pop out
for user to select appropriate information as input. User can select suitable information
from the drop down menu of the “Land Use” column. For the “Site Area”, user just
need to click the topography surface and finish the selection. For the “Floor Area”, it is
required to select every enclosed area in each floor. For the “GR Area” and “GR Level”,
user can select the proposed green roof area and elevation. For the “Water Tank”, the
BIM element model of water tank is the corresponding option. For the “File Path”, it is
used to output analysis information in excel format. While the above inputs are assigned,
user can click “Set value” bottom to continue the next step.
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Figure 5-1-3. The input interface of the Blue-Green design tool.

The calculation of LID analysis is conducted, and the analysis results are shown in
the windows form (See Figure 5-1-4). Once the architect does not satisfy with the
analysis results, the architect can click “NO” bottom to terminate the design tool and
prepare another design scheme for the LID analysis. While the analysis results are
acceptable, the architect can click “OK” bottom to conduct the thermal analysis. It
shows that the design results of BIM project model satisfy the requirements of LID

analysis (Housing type in Table 4-4-1-3) in Figure 5-1-4.
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Figure 5-1-4. The windows form of LID analysis results.

In processing the thermal analysis, the Integral Model is used for the thermal
performance simulation. The Integral Model requires thermal properties of green roof
BIM element model and the weather data of the project site. The weather data is
collected from web database of Revit according to the project location. There is an
assumption that the building temperature is fixed at 22 °C in the thermal simulation. The
simulation time span is configured in July. The last day of the simulation time span is
used to represent the simulation results.

Once the simulation of the thermal analysis is done, the results are shown in the
windows form with multiple plots (See Figure 5-1-5). These plots are “Roof
Temperature”, “Atmospheric Forcings” and “Building Heat Loading”. In the “Roof
Temperature” plot, the surface temperatures and average temperatures of roof cases are
presented. The higher surface temperatures and average temperatures indicates that
more heat storage is captured within the roof case. In the “Atmospheric Forcings™ plot,
the weather data including solar radiation and atmospheric temperature is shown. In the

“building heat loading” plot, the heat-flux which transmits from the roof to the
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building is the performance indicator. The higher heat-flux represents worse insulation
performance. With the above indicators, the thermal performance of a green roof can be
evaluated.

The architect can select preferred type of green roof from a list in the windows form.
A dialog window will pop-up to show a message for user. After the decision is made
with best performance in Figure 5-1-5, the architect can click “OK” bottom to process
the design feedback according to the analysis results. The selected type of green roof
BIM element model is created in Revit with assigned parameters such as area and
elevation (See Figure 5-1-6). The size of water tank BIM element model is changed by
overwriting the “Designed water volume” parameter. The value of the “Designed water
volume” parameter is defined according to the LID analysis results. The analysis results
are exported in the spreadsheet format using assigned file path.

In the beginning of the project, the Blue-Green requirements should be defined. The
BIM element models, the design tool and the working manual of the Blue-Green design
are prepared for the design process. The working manual is a reference for the other
design team in different disciplinary to realize the design information within the BIM
model. In this demonstration, the architect can design green roof and water tank with
LID analysis and thermal analysis. With the BIM element models and design tool
prepared, the iteration of the design process can be conducted earlier. For the analysis
results are used as design indicators, the architect can explore the Blue-Green design
with quantitative feedback. The design information of the green roof with water tank
combined design can be properly presented in the BIM model. With the use of the
working manual, the process map and the information exchange are clearly defined.
Thus, the BIM model contained the Blue-Green design can be further developed in the

following design stage.
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5.2 Feedback of Expert Interview and Discussion

In order to validate the feasibility of the framework, an in-depth interview is
conducted with an architect who has expertise in BIM design. The interviewee has
complete project experience in designing building in BIM platform, optimizing building
energy performance and collaborating building design with construction team with BIM
model. The detailed record is shown in Appendix 3. The interview questions are shown
as follows:

(1) In the chapter of the requirement modeling, there are modeling key tasks for
transferring owner’s project requirement into the Blue-Green requirements. Is there
any gap between the statements and the design process in practice?

(2) In the chapter of the system modeling, the concept of LOD is used as reference to
create BIM element models. Will this step arouse controversy in implementation? Is
there any further key tasks required in the chapter?

(3) In the process of implementing the performance modeling, Dynamo is used to create
design tool with analysis function. Is it possible for architect to use Dynamo scripts
to analyze BIM project model? What is the bottleneck of this idea?

(4) In the assumption of the process modeling, design teams collaborate on developing
BIM project model using CDE methodology. The key point of the process modeling
is to describe how design teams analyze and design BIM project model in the
process of the early design stage. With above considerations and case study in this
research, what are the practical factors required in the early design stage?

(5) In the BIM-enabled Blue-Green design framework, the output of four modeling key
tasks are Blue-Green requirements, BIM element models, customized design tool
and workflow manual. Is it applicable for architect to conduct the Blue-Green

design with a toolbox containing the above items?
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(6) Concerning the architect with BIM expertise in the local market to conduct the
Blue-Green design, is there any statement needed to improve the framework?

(7) Do you suggest other Green BIM experts from industry to conduct interview?

Feedback of Expert Interview
The feedback statements of expert interview are summarized as follows:
(1) Response for question (1)
It should be fine. The purpose of this description is ok.
(2) Response for question (2)

The LOD is a good tool to interpret BIM project model. In using the LOD to
describe the development of BIM project model, there are three concepts needed to
be mentioned in the statement. First, the LOD should be used to describe the design
stages in developing the BIM project model. Then, the design stages represent the
developing process to refine a building design. Lastly, the maturity of the BIM
project model should be mapped with the corresponding development of geometry
and information. In supporting the specific BIM use, it is required to find out the
essential information to be loaded to the BIM project model. The key concept to use
the LOD is describing the BIM use with the corresponding information in each
design stage.

(3) Response for question (3)

There is a need of simple interface and user manual of the customized design
tool. According to the demonstration of the customized design tool, the strength of
the design tool is visualization. It is possible for architect who is familiar with
Dynamo to use this design tool in practice. For the interface of Dynamo is hard for

general architects to realize, it is suggested to have simple interface of customized
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design tool to lower the learning curve. Furthermore, a user manual is needed not
only for the beginners, but also for the experts of Dynamo to have overview of the
tool.

(4) Response for question (4)

The land developing intensity and the building acts are the first concern in the
beginning of the project. The certificate of green building will be concerned after
Concept Design stage. In the planning stage (such as strategy definition stage to
preparation and brief stage in RIBA plan of work [59]), architect will deal with the
land developing intensity and building acts first. For the owner focuses on the
development intensity of the project site, architect needs to clarify the restriction of
the project site according to the building acts to define the quantity of building mass.
In the following design stage, the green building analysis could be considered for
the project requirements such as applying the certification of green building.

There are different patterns of practical operation in land development. In some
official and large development project, there is a building programming stage in the
beginning of the project. The contracted consultancy company will define a design
brief according to the project requirements in building programming stage. In
defining the design brief, there are many design factors to be concerned. The design
factors include the land developing intensity, the building acts, the spatial function,
the certification of green building, and financial condition of the project. After the
design brief is formulated, the owner will invite architects to participate the

tendering process according to the design brief.
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(5) Response for question (5) and (6)

The design objectives should be clear. As an architect with a certain
understanding about BIM, there is no problem in using the tool. The design
objectives are the most important thing. For the demonstration case is lack of design
objectives, it is hard to realize the purpose of the design. In contrast, it could be
acceptable in the condition that the objective values of input and output are clear.

(6) Response for question (7)

(The suggested Green BIM experts from industry are listed in Appendix 3.)
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Discussion

The responses to the feedback are summarized as follows:

For using the LOD to interpret BIM project model, the detailed modeling key tasks
are listed in the system modeling. The LOD is used as reference to create BIM element
models with corresponding purpose instead of describing an overall BIM project model.

For the simple interface of the customized design tool, there is an enhancement
mentioned in chapter 4.4.3. After user opens Dynamo and launch the Dynamo scripts of
the design tool, the windows form of user interface will pop up for user to input
corresponding information. Therefore, user can use the design tool without manipulate
the Dynamo scripts. For the user manual of the customized design tool, there could be
some replacement alternatives. Once architect uses the framework to implement the
design tool, there could be not necessary to prepare the user manual as extra work. In
addition, once sustainability consultant uses the framework to implement the design tool
for architect, the operation instruction could be embedded in the user interface of the
design tool as software wizard.

Concerning the land developing intensity and the building acts are important issues
in the beginning of the project, the content of the design tool is modified with the
concerns. In the input of the design tool, “Land Usage”, “Site Area” and “Floor Area”
are related design factors. In the windows form of the LID analysis results, the building
coverage ratio and floor ratio are required information of the land developing intensity
and the building acts.

In order to clarify the design objective, the modeling key tasks of the requirement
modeling is enhanced. For the example of implementation, the input and output
information are mentioned in chapter 4.4. In addition, the Exchange Requirements are

shown in Appendix 2.
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6. Conclusions and Future Works

For mitigating the Urban Heat Island effect, the Blue-Green design integrating Blue
measures (water system) and Green measures (greenery system) was proposed in
building design. It requires different experts to co-work in a collaboration environment
to create and evaluate the Blue-Green design for optimizing the performance. This
research develops a BIM-enabled design framework to support the collaboration
environment of the Blue-Green design. The contribution of this design framework is to
provide a systematic approach for design teams, consisting of both green and blue
experts, to formulate design toolkits in BIM platform to support the collaboration
interface and process needed. The design toolkits can be also used by the design teams
to conduct, evaluate and review multidisciplinary design in an agreed design process.
The design requirements and parameters of the water system and the greenery system
can be considered in an integrated manner through the framework.

The BIM-enabled Blue-Green design framework contains four modeling approaches:
the requirement modeling, the process modeling, the system modeling, and the
performance modeling. The requirement modeling focuses on capturing project
requirements and selecting the potential Blue-Green design measures. The process
modeling states the key tasks in preparing workflow document for design team
members to collaborate on BIM project model with the Blue-Green design in design
iterations. The workflow document defines the collaboration interface with exchange
requirements and the collaboration process with process map. The system modeling
describes the key tasks in creating BIM element models of each systems with required
design parameters in appropriate BIM element model type. The performance modeling
outlines the considerations in creating new design tool with customized performance

analysis function using visual programming language. The BIM element model is a
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static representation of the Blue-Green system, while the customized design tools are
dynamic ones for evaluating various design performance. As a result, the design toolkits
for the Blue-Green design includes Blue-Green requirements, BIM element models,
customized design tool and workflow manual. This research uses water tank and green
roof as outlined Blue Green measures in case study. A workflow manual is drafted
concerning water tank and green roof cases and the customized design tool. The BIM
element models of water tank and green roof are created with reference to existing cases.
A customized design tool is created with two analysis functions — the Low Impact
Development analysis and the thermal analysis.

The demonstration case under the collaboration environment conforming to the
workflow manual is presented to satisfy the initial project requirements. For validating
the feasibility of the framework, an expert interview is conducted.

For the future work, it is suggested to apply the BIM-enabled Blue-Green design
framework to design greenery systems and water systems and to conduct further
validation from urban planning to building design in practice. In order to support data-
driven Blue-Green design, it requires a systematic method to create parametric BIM
element models with real physical properties. Besides, the algorithm of analysis
function concerning multiple design interaction among building systems and urban
infrastructure should be developed to support the Blue-Green design of the building and
surrounding area. Furthermore, an Al programming algorithm can be trained and
validated with numerous study cases to support urban planners and building designers

exploring the Blue-Green design automatically.
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Appendix

Appendix 1. Green Roof Thermal Properties

Table 8-1-1. Thermal data of green roof case one

Family and Type : Basic Roof: Extensive Green Roof

Thermal Resistance (R) : 4.1507 (m?-K)/W

Default Thickness : 0.455
Layer Name

Pre-Planted Vegetation
Blanket - Extensive Green
Roof - (60mm)
ALKORPLAN Green Roof
Substrate - AlkorPlus
(81017) - (50mm)

Polypropylene Water
Retention Geotextiles -
AlkorPlus (81016) -
(2.75mm)

Polypropylene Geotex -
AlkorPlus Filter/ Drainage
Layer (81015) - (8mm)
Polypropylene
Geomembranes - AlkorPlus
Slip Layer (81014) - (1.6mm)

ALKORPLAN Roofing
Membranes - LA
membrane (35177) -
(3.3mm)

PIR Polyisocyanurate
Insulation (130mm)
PLEASE SELECT VCL
LAYER FROM
MATERIAL LIBRARY
Bitumenous Primer (for use
with SK self adhesive VCL
81002 on timber/masonry
substrate only)

Concrete

Proofcoat emulsion -
CITYFLOR® - Axter®

Thickness

(m)

0.06

0.05

0.0028

0.008

0.0016

0.0033

0.13

Density

(kg/m?)

1300

1300

930

930

930

930

23

930

930

2300

Specific
Heat
(J/(g-°C))

1.046

1.046

2.092

2.092

2.092

2.092

1.47

2.092

2.092

0.657
0.84

Thermal
Conductivity
(W/(m-K))

0.837

0.837

0.138

0.138

0.138

0.138

0.035

0.138

0.138

1.046
1.15
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Table 8-1-2. Thermal data of green roof case two

Family and Type : Basic Roof: Sarnafil TG 66 - System C - Top (membrane
thickness = 2.0 mm) - Insulation thickness = 30 mm

Thermal Resistance (R) : 1.5500 (m?* - K)/W
Default Thickness : 0.3122

Layer Name Thickness Density  Specific Thermal

(m) (kg/m?) Heat Conductivity

J/(g°C)  (W/(mK))

Soil with plants/vegetation 0.08 1300 1.046 0.837
Sarnavert Aquadrain 550 0 855 1.925 0.25
Sarnafil TG 66-15 loosely  0.0022 1500 1.674 0.167
laid/Beige
Sarnatherm PIR GT 0.03 32 0.92 0.024
Sarnavap-3000 E 0 920 2.092 0.331
Concrete 0.2 2300 0.657 1.046

Table 8-1-3. Thermal data of green roof case three

Family and Type : Basic Roof: Knauf Insulation - Cubierta Urbanscape

Thermal Resistance (R) : 1.2427 (m*-K)/W
Default Thickness : 0.445

Layer Name Thickness Density Specific Thermal
(m) (kg/m®*) Heat Conductivity
((g°C)  (W(mK)
Urbanscape Sedum-mix 0.2 800 1.046 0.837
PDS
Urbanscape Green Roll 0.02 110 0.71 0.04
(HTC GR)
Urbanscape Drainage 0.025 1050 1.3 0.08
System with buffer
Urbanscape Root 0 930 2.092 0.331
Membrane
Impermebilizante 0 2330 1 0.5
Concrete 0.2 2300 0.657 1.046
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Table 8-1-4. Thermal data of green roof case four

Family and Type : Basic Roof: Roof-Cityflor-concrete construction with planted

terrace - extensive

Thermal Resistance (R) : 6.1841 (m?* - K)/W
Default Thickness : 0.5053

Layer Name Thicknes Density
s (m) (kg/m?)
Soil with vegetable 0.05 1300
Filter layer 0 855
Drainage layer 0.04 855
Absorbent Material 0 920
FORCE® 3000 TRAFIC- 0.003 950

CITYFLOR® - Axter®

HYRENE® 35 PY- 0.0035 920
CITYFLOR® -Axter®

CITYFLOR ST ® - 0.0026 1500
CITYFLOR® - Axter®

Insulation 0.2 23
HYRENE® 35 PY- 0.0035 920
CITYFLOR® -Axter®

HYRENE® 25/25 TS - 0.0027 1500
CITYFLOR® - Axter®

Proofcoat emulsion - 0 1

CITYFLOR® - Axter®
Concrete 0.2 2300

Specific
Heat
(J/(g-°C))

1.046

1.925

1.925

2.092

2.301

2.092

1.674

1.47
2.092

1.674
0.84

0.657

Thermal
Conductivity

(W/(m-K))
0.837

0.25

0.25

0.331

0.502

0.331

0.167

0.035
0.331

0.167

1.046
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Appendix 2. Exchange Requirements of the Workflow Manual

Name

Exchange of Blue-Green analysis and design results

Identifier

ER Blue-Green design results

Change Log

<2017-11-08>

< Initial version , adapted from BPEA IDM
developed by GSA and OGC >

<Han-Jung Kuo>

Project Stage

Portfolio requirements

Conception of need

Outline feasibility

Substantive feasibility

Outline conceptual design

Full conceptual design

Coordinated design and procurement

Production information

Construction

O 0| Q| AN || KW —|O

Operation and maintenance

—_
(=]

Disposal

Overview

The scope of this exchange requirement is the exchange of information about the design content
of the Blue-Green design. The purpose of the exchange requirement is to support the design
collaboration of the Blue-Green design to satisfy the Blue-Green requirements. The exchange
requirements are contained in the building model of the concept design with green roof and
water tank system.

Exchange Requirements - Blue-Green design results

Type of Information Needed Required | Optional | Data Type Units
Information
Blue-Green | The following properties should be
Design included:
o The type of Land Use X String n/a
o) The project site arca X Real m’
o The volume of water retention X Real m’
(LID indicator)
o The designed volume of water X Real m’
tank
o The designed area of permeable | X Real m’
pavements
o The designed green roof area X Real m’
o The thickness of green roof X Real m
o The thermal resistance of green | X Real (m*K)/W
roof
o The thermal conductivity of X Real W/(m-K)
green roof
o The volumetric specific heat X Real J/(m’-K)
capacity of green roof
o The thermal diffusivity of green | X Real m/s
roof
Project The following properties should be
included:
o Identification X String n/a
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Type of Information Needed Required | Optional | Data Type Units
Information

o Owner/Client information X String n/a

o Model Author X String n/a
Site The following properties should be

included:

o Address X String n/a

o Global Coordinates X (2) triples deg/min/sec

o Site Elevation X m

o 2D Geometry X Geometry varies

o 3D Geometry X Geometry varies

Site The following properties should be
Context included for existing buildings

adjacent to the subject building:

o Identification X String n/a

o 3D Geometry X Geometry m

Building The following properties should be

included (if not known then probable

values should be used):

o Identification X String n/a

o Global Coordinates X (2) triples deg/min/sec

o Functional Classification X String n/a
(OmniClass)

o Orientation (deviation of X Real Angular
building grid from true north, Degrees
clockwise)

o Elevation (relative to the site X Real m
datum)

Building The following properties should be
Stories included (if not known then probable

values should be used):

o Identification X String n/a

o Elevation(relative to the X Real m
building datum)

Spaces The following properties should be

included:

o Identification X String n/a

o Description X String n/a

o) Inside or Outside space X Boolean

o Functional Classification - X Relationship | n/a
OmniClass Table 13

o Functional Classification — X Relationship | n/a
Client Space Type

o 2D Geometry X Geometry varies

o 3D Geometry X Geometry varies

o Links to Space Boundaries X List of n/a

Relationships
2nd Level The following properties should be
Space included for 2nd level space
Boundaries | boundaries:

o Space Boundary Type X Enum n/a
(1=internal, 2=external,
3=virtual)

o Space Boundary Tag (2™ level, | X String n/a
“face”)

o 3D planar geometry X Geometry m

o) Link to Space X Relationship | n/a

o Link to Building Element X Relationship | n/a
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Type of Information Needed Required | Optional | Data Type Units
Information
Building The following properties should be
Elements included (if not known then probable
(General) values should be used):
o Building Element Type (wall X Enum n/a
(exterior/interior), curtain wall,
roof, floor, ceiling, window,
door, shading device)
o Construction type (e.g. wall X String n/a
type, door type, window type,
shading device type, etc.)
Window constructions from
Window 6, opaque
constructions from ASHRAE
Fundamentals.
o Classification - UniFormat X String n/a
o 3D Geometry X Geometry varies
o Exterior or Interior Element X Boolean n/a
(i.e. Is Exterior)
o) Link to Space Boundary X Relationship | n/a
Building Added to the list above, the following
Elements properties should be included for
(Opaque- opaque building elements (e.g. walls,
Wall, Roof, | floors, ceilings, roofs, doors, etc.):
Floor,
Ceiling,
Door)
o Link to Material Layer Set X String n/a
Building Added to the Building Elements list
Elements above, assigns thermal information to
(Glazing- building elements to enable energy
Curtain analysis. The following properties
Wall, should be included for glazed
Glazed building elements (e.g. windows,
door, curtain walls, glazed doors, and
Skylight, skylights):
Window)
o Window Assembly Exterior X Enum n/a
Surface Color of Glass (clear,
bronze, silver, gold, copper,
blue, green, gray, mirror)
o Window Assembly Interior X Enum n/a
Surface Color of Glass (clear,
bronze, silver, gold, copper,
blue, green, gray, mirror)
Material A building material (e.g. wood,
(Opaque) concrete, steel, etc.):
o Identification X String n/a
Material An individual building layer in a
Layer material layer set:
(Opaque)
o Identification X String n/a
o Description X String n/a
o) Material X String n/a
Material An ordered list of material layers used
Layer Set in a building element construction:
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d0i:10.6342/NTU201803891



Type of Information Needed Required | Optional | Data Type Units
Information

(Opaque)
o Identification X String n/a
o Description X
o List of material layers X List of String | n/a
97
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Appendix 3. The Record of Expert Interview (In Chinese)

ES ik
EXBR
BRST B S ERAENRN B ESENEESR/LEED AP
R E

R HER%S 2017 £ 04 B 18 H'F4F 14:00-16:00

14:00-14:30 7T4ALA BIM BIFEEAR A2 5 2 5 /AHELR
14:30-14:45 MR EARE DI R A B A ED

14:45-15:45 FHRIFR A

15:45-16:00 #&1&

AhfEIERE

. EFREBHATED  BEIWEERFRERAR TR

RHEA?

2. ERMEED  EH LOD WEIET THREENSE - EalE

AEEMNFENEG

RERG? RIUCZ 9N - RETRTHEEEMEREZEENENZEBBRATPRIEKH?

3. FEMAEZERERERED - £XH Dynamo BN L EEERIRIE -

Gt TEEAHRE

AARERER Y - RIREEETA I BEE A Dynamo RIZAREFTREL D ATIE? it R 2k R ol BE

IR TE A2

4. ERBEEERND - EHIFED Z2RERIKA CDE 530 - MUEZREREERETT CDE Al

HNERRFTREEN DT ERET - 8RB —RERIREIRERE D -

SRAREZWER=ZEmE?

5. EFAERT - REMNEERTAFFHBELRFRIE - RETH -

RHZEETE

DT LRBR

FOME - BBERBSRAER  FERELERE  BEMEEUBERRIAETE

HRREN? BAE - BRERBEN S RSB R RNMNRBLERR?
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6. ELBIANMRRETER - FRELEEMERE BIM A/ - BBEEL FAMEZLFE Z 1 MAR LR
29

7. KIEHBEAE - 2S5 NEZFHBEAMLEER U THETRNHR

AIEAS

BEHE: REEBCEREER  RABANERBEEEZABERIEERNNRT - HE
BEERFREIRIRA TR - EX LHEBNINEALTEERAK?

At BEABRAEMS AKE  THhOTREEZTERRMN ?

BEE: ME2BEMEER  RABIOREEEATHEREEENTR - BRETHAEBRESMH

2@ B—MRER - BASE—EEENEG - BREMSRVETE - TEHS

AL EWEY  FIZRPIEELEEE  HMESTERNTR - E2FNE
BER  BEEELHZBEELE  BREREENHNESD - Revit BEHERA
—LEEKREFNER - R BEEMPLERATMAREZE model B - HIESEELE
REFE-MNENGIEERENS - KU RMBLERASNZEEIRNED
AR—EE ME—EET—EETHN BEEJE=RUHANTY - LIS
LERTE - MRS K—FARHRFEZRHM—ERRNRELEHZE FTREBER
ERZEENEREBMON - BREREBETHEZEERSE - gt
HARAEEEZNERINE D

fRE: Rl - BRMERE OK -

B EMKATEFTR - RENRLERARE - BERENERIGRENBEURET
ABNRYE - EM/LERMS - BiafEEM - B - FTERLREFBEN
BRE - BEREGANMS  FEEENEKR  AESREABHNINES - K
MBS thEMEE - ERIBLERRORREBLEMR T - BEMEBERRETAVIRE -

RE: E—EL AR -
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20 U5

BRIS1H:

S[R3 L

RS TE:

E R

F_EHDERKERNE D -  HERH T LODM 7 —ES2%E £ KK
A HERHEBEBARHR LOD AXERNRERAZ— ERARERZKWAR
B LOD R ABE - RBAEMALEMSBEEK - HE —FHBEMR

ot - HEKRIBEFRRNFBREL THERRITED - EEDZEAE2—

BEENTA?
HEH—HERF LOD 2—E# BIM HEERFHNZENGE - REAXBRERS

SIECHERAREEHSE  RECEREHSHERAMG  BEEFE - H

\|

E LOD BZ2ENEZ=—E#T - £—E : BB/ D 2HRE - BRBEERNER -
ZERERER—G WHE - =—B.. . RESEMSB  AEBZIRAEREER - ERR
LS Bk A - AR - BERBRARZE—ERETHNAAERENER - #

PRIREREZHEBTCHWEENRAE - A2 - EZRMAHERAENE—IE

sl

WA MENEERG  SERSLERSIE - (MR MREB SRR - RAVEE

—

4]

e — R MUMRNERE - FEAFTEAEN ? LCNRIRFBZRAUNEN - 27

it

Aegst - EEMAERFEHMLREDRR - HEOMABEFTE2FCEIMIERE

- BIER T EHIRAY BIM A - MEEHFEBIMER ? RELERERE

i

BR 7 AR Z SN - EEPERBMEESE ? BEMDARGHNENES - F
ZHRMHHR  ERSUEREE - RAESERESSIRERBRE ?
HERZRERERN  HAESEREN - BEZIERENEF - WERATHT
BUKREOEER -

HES LOD ZEHEZEAHENZRETLR -

F=ERRE - SEEH Dynamo IR IT TERERIRIE - BREREHR —HEFKLE
RESEER  ARAEERFFIEMESTHNBEATINA - AEBZREENE
CHREZ une EHSHMY - [EBRBSEEEE MR - HolLIABERFTE

EOEREAER - FRUIEZR T ERIERE Dynamo A — 2T TEEZENR
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CREE—EEE  BNRBREERFELERA 7 - BRUERMHEE BIME
HpEly - ¥ Dynamo RUEEABRAMEFE—LINEE - (REBMME A2
AENMEEEZREER ?

3

BRET: ASMREIANRFEREREMERBLLNMORERE  REGTERMERZERY
FEEM  URMECANTE LHEMB™EE—R - A4S Dynamo T EHZIRAZ
— MR LOERRY - GRELBRTNEMEBMEREIENINE - BE—RA
BREESER FERTCHORESEE ? RIFMELRR—EFM - XRAE—E
TREBMERE  F_ESRBHEEFNILE - AZ2RRMEERCIZEEFHLE -
HRESEAEREERNEE - JEZARIIN—ARBFM - BERNIELAEE
ABRERHZLEER - B2 L1 Dynamo RURE - BIRARKBEREEEEIRY
#iE - BOHURAES - TABIENEREREREM - BHR—EREERA
Dynamo FIIARRIA - BRI ERFBREFBE - SANEBEEETRFERE -

i FSNEFEEREZLERNIE D - BIERTRREENZS —EIERETFKEEK
BRERA - EEBBEMNBIEZR - FTETON - BERRZM CDEK
o AERLRIRENES - RABELEEBNEFEMLERR ? HEESH D

REZLEBEXRE - BRAMLE milestone ZFEHME -

\
W

AT BEERIRERER  RRMEHNESHEREELRR - —ESEMEET
HREFZREOBCHER N TINES ZEARER  EEEHBEMNE -

SE - ZARBEMARNRGIIFGSESE  BE—EEF—EER - £FEX
RETMERR - THAURERREERTFEFHHERUABREREE ? ERET S
ARSRERN DT - RAEEREPRERT ZRBEMEERERAEZ Ecotect BRI EESE
B oHriRE -

AR 2B —EXRIEE - REIERIPE RN 2B 2EFPEER ( Preparation ) -
BRZMZPEER - ZEZ SDAEMES - ERHMERT - BRI SEREPERE
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EAEERN—EFBRKFEENEREE - HOESERI_E=HX - BaiREY)
LRFHBER -
BREH: AERRIELBMFZRI - BRUTFHRIINZLEEANZR LS - MECEE

R BELNNWARRREE  TREAUEEE—ERELRS  EEXZEAIHRS

R - REBEUNSEYEARBBERN  BEGEE  EEERZBEME
EELBERESFHGEILFILR  FEBRBELEFKEA N —1RROREA - £6

RERENR T EAKENELESE  ARE—MRNETF - Jeett REARRLE
HFIMAB RGBT K - KRFPEEED TN AR - BPBELA—L PCM B
RFSESHPRERET - MHIBUHMZILESE AW FR RFEEE
BAR/N - BERTBEINTK - i—HrEEdset - Y2 EZLEERNEER
SR - R R P EEESEERNTENE - RMBBEZIELRRT - EXR
TRZE R RRET - MBIRRET - WHREEREEE ? MR ZERI ? I5RNA
BLEHEBZEBRIFTK ? BHERFREER T ? REUBMWAR AR EREERN
AERRRET - RRETEREMWN - PR ZSEZENELEE  BEANESESSH

HMEMBENIRG  SRELFEERR - BRBIRAEZZRBNVRERT - 20T

REZENEST  HRE-EHZAMPIRAONER - dse@AR - HRE - 2
WEE ~ BEENWT - BT BRMEEETENRT  BEERHRENEER

% MEEREASRAZBREEIRE - FEXFREE MET - THERENBS -
HHLE: FHhE[E  EEREEREZR  BEMAUES N RELERERMERETS ?
HEBMERERM TR RARERAMICKBENERELERMA ? BRMWELLE

MAEBEKRETE - BoscE—E BIMBEAE - FKIHEILE - RIERIZEL

I8

farEREt - BH - MEIREFTH - DTEAERFIARE - BRIEZ - BRES

EH 7 EEEMMPLEIRENG ?
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BRS: IR - MREWBIMB—E (# - tEALEXAZEEE - T2ERE
ERERY - Al EEmE —ERENER - BEENMNEEEEERRK
A SBBEEEER - RENRALBORBENY - IS ANEREHSB
AYEEOEMR - MRERIR input 2 output B HAREERRAFIERIGE - B BILE
% -

B i BANERBELEZEShEEAS

HHLE: HE - RIRERRFE  SREEEDNFENEMESREEZZRAENTHEE ?

BRST: ZRERIREERM ?

LR NMEFNTEM

BRETH: EEHAEMN BIM RETNER - B2T&EHM - REVNENHEZREMEHER
£E  RANER —LEWMEEEREFFNAT - RIS H BIM B8 —
LEE  BHEBIMXAX/#  RERSXFEFFIRERERES - IR
RAESR  RETIHORU - tMREFFRIN - AFFRM - Rt PIE % Bl A7
BRARERENAT BEATHWABEBRTBMMEEE BIM - BEHSE

5 BEDPORRMPEEERASZLER -
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