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ABSTRACT

A FORMAL REPRESENTATION OF BUILDING CODES TO FACILITATE
BIM-BASED AUTOMATED CODE-CHECKING

Akbas, Yigit Semih
Master of Science, Civil Engineering
Supervisor: Assist. Prof. Dr. Asli Ak¢amete Glingor

September 2019, 155 pages

Building designs need to be checked against related building codes and regulations.
This control is mainly a manual process done by government professionals. Therefore,
it takes enormous amount of time and may lead to many errors. A more sophisticated
system is required for checking building codes and regulations. Automated code-
checking systems and tools can be used to aid this process with the help of Building
Information Modeling (BIM) tools and these systems are started to be used for
efficient design checks against building codes. However, building codes are textual
documents that contain complex rule structures. Therefore, developing a formal and

computer-interpretable building code representation is a challenging task.

This thesis describes a formal representation of building codes to help interpreting the
rules in computer readable format. The proposed representation utilizes Solihin’s rule
classification as a baseline, and further modifies it for thoroughly representing the
building codes. The representation decomposes the building codes into different
classes and interpretability conditions in order to ease the BIM-based automated code-

checking process.

Utilization of the proposed formal representation to decompose a building code is

found as an effective initial process, to represent the related building code in a BIM-



based automated code-checking system or tool. The verification of the proposed
representation is done through an analysis of Ankara Municipality Housing and
Zoning Code as well as implementation of the analyzed building code in a BIM-based
automated code-checking tool. Although the analysis of the building code according
to the proposed representation is done with success, the results of the implementation
process indicates that there are certain limitations that may arise due to code rule

complexities, BIM deficiencies, and/or code checking tool restrictions.

Keywords: Automated Code-Checking, Building Information Modeling, Building

Code Representation, Code Compliance

Vi



0z

YBM-TEMELLI OTQMATiK Y(_')NETMEL.iK DENETLEMEYi
KOLAYLASTIRMAK iCIN YAPI YONETMELIKLERININ BICIMSEL
OLARAK MODELLENMESI

Akbas, Yigit Semih
Yiksek Lis_'flns, iﬂnsaat Miihendisligi
Tez Danismani: Dr. Ogr. Uyesi Asli Ak¢amete Giingor

Eyliil 2019, 155 sayfa

Yap1 projelerinin ilgili standart ve yonetmeliklere uygunlugunun kontrol edilmesi
gerekmektedir. Bu kontrol siireci gogunlukla resmi merciler tarafindan manuel olarak
yapilmaktadir. Sonug olarak, bu siire¢ biiylik miktarda zaman alip, birgok hataya
sebebiyet verebilmektedir. Bu nedenle yonetmelik denetimi i¢in daha gelismis bir
sistem gerekmektedir. Otomatik yonetmelik denetleme sistemleri ve araglari bu siireci
tyilestirmek i¢in  Yapr Bilgi Modellemesi (YBM) araglarinin  yardimiyla
kullanilabilmektedir ve son donemde bina yonetmeliklerini etkili bir sekilde
denetlemek icin bu sistemlerden faydalanilmaya bagslanmistir. Ancak, bina
yonetmelikleri karmasik kurallar iceren metinsel dokiimanlardir. Sonug¢ olarak,
bicimsel ve bilgisayara aktarilabilir bir yap1 yonetmeligi modellemesinin gelistirilmesi

zor bir gorevdir.

Bu tez, kurallar bilgisayar tarafindan okunabilir bir formata aktarmaya yardimci
olmak amaciyla bigimsel bir yap1 yonetmeligi modellemesi tanimlamaktadir. Onerilen
modelleme, Solihin’in kural siniflandirmasini esas alarak ve bu kural siniflandirmasini
yeniden diizenleyerek yap1 yoOnetmeligini tam olarak modelleyebilecek hale

getirmektedir. Bu modelleme YBM-temelli otomatik yonetmelik denetleme siirecini
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kolaylastirmak i¢in yap1 yonetmeliklerini farkli siniflara ve anlamlandirma kosullarina

ayristirmaktadir.

Onerilen bicimsel modellemeyi yap1 yonetmeligini ayristirmak i¢in kullanmak, ilgili
yap1 yonetmeligini YBM-temelli otomatik yonetmelik denetleme sistem veya
araclarinda temsil etmede etkili bir baslangi¢ islemi olarak bulunmustur. Onerilen
modellemenin dogrulamas1 Ankara imar Yénetmeligi’nin analizi ve analiz edilen yap1
yonetmeliginin YBM-temelli bir otomatik yoOnetmelik denetleme aracinda
uygulanmasi ile tamamlanmistir. Yapr yonetmeliginin onerilen modellemeye gore
analizi basariyla tamamlanmis olsa da uygulama siirecinin sonuglari; yonetmelik
kurallarindaki karmasikliklar, YBM eksiklikleri, ve/ya denetleme araci yetersizlikleri

nedeniyle bazi kisitlamalar olduguna dikkat ¢ekmektedir.

Anahtar Kelimeler: Otomatik Yo6netmelik Denetleme, Yap1 Bilgi Modellemesi, Yap1

Yonetmelik Temsili, Yonetmelige Uygunluk
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CHAPTER 1

INTRODUCTION

1.1. Introduction

In Architecture, Engineering and Construction (AEC) industry, building designs are
checked against the required building codes and regulations. Building codes and
regulations are determined and written by government professionals and professional
bodies. They could be in various forms such as written texts, tables, equations, etc.
Also, they are legally binding so that any building shall comply with the related
building codes and regulations. The building codes and regulations are complex
documents that include large amount of information. Different types of building codes
and regulations exist such as for health and safety, acoustics, fire safety, housing and
zoning, etc. In order to get approval for a building project, a building design shall

satisfy all of the related building codes and regulations’ rules.

Checking building models against building codes and regulations is mainly a manual
process done by government professionals. Therefore, this process takes enormous
time and may lead to many errors. Moreover, different codes contain information
which usually tend to conflict or complement with each other. Therefore, the manual
rule checking process is inconsistent (Han et al., 1998). The building codes and
regulations checking process is subject to change thanks to the introduction of new
technologies in the AEC industry. By utilizing these technologies for code-checking,
it is aimed to overcome the subjectivity in building codes and regulations due to
different interpretations. In short, a more sophisticated system is required for checking

building codes and regulations more efficiently.



In order to accomplish this goal, two technologies shall be used for overcoming the
difficulties and inefficiencies pertinent to traditional methods. These technologies are

Building Information Modeling (BIM) and automated code-checking.
1.2. Problem Statement

Building codes and regulations are essential for the building designs. They guide
building designs towards optimization and standardization. They determine the
minimum requirements of building designs to offer sustainable and standardized
buildings to the public. The checking process of building codes and regulations are
manual and people-centered (Eastman et al., 2009). However, manual checking of
building designs and regulations may cause different problems and challenges to both

designers and controllers.

The building codes and regulations have a complex nature. They get amended by time
and have ambiguities and inconsistencies. Also, they might conflict with each other.
Therefore, the basic human nature may lead to different interpretations on the same
provision by different users. This results in different applications and acceptance

criteria for building designs which is undesirable and inefficient.

The building codes and regulations usually complement each other. Moreover, they
include vast amount of information. To completely check a building design, the
controller shall have the knowledge of different sets of building codes and regulations.
Also, most of the building codes and regulations are written in legal and outdated
language which makes them difficult to process. Therefore, checking process of
building designs require expertise within different building codes and regulations for

the controller and the designer.

The building designs generally contain excessive amount of objects to be checked
from different set of building codes and regulations which makes the checking process
time consuming and error-prone. Errors resulted from checking of building designs
leads to negative building performance which are expensive to fix at later stages. On

the other hand, utilization of BIM-based automated code-checking reduces human



related errors since the process is automated and this results in lesser changes at
construction stage. Therefore, these challenges imply that automated code-checking
systems are needed in order to attain efficiency by saving time, preventing errors, and

assuring consistency.

Automated code-checking systems require representation of building codes and
regulations and also building designs in computer readable format. Its main process
includes extraction of necessary components from the design and applying set of rules
from building codes and regulations. By utilizing the automated code-checking
process, it is aimed to improve the manual code-checking of building designs (Nawari,
2018). Correspondingly, Building Information Modeling (BIM) technologies are
widely used to facilitate automated code-checking. This is because the BIM tools
allow users to extract relevant information from the building design in computer
interpretable format to be used in automated code-checking. Moreover, BIM tools
allow to include extended information within each component such as the dimensions,
type, material, area, volume, thermal conductivity, opposed to the traditional 2D tools.
Moreover, there is a standard neutral representation of building models (Industry
Foundation Classes, IFC) to exchange information, although it is not accepted by the
few. However, there is not any standard representation of building codes and

regulations.

To address these gaps and challenges, in this thesis, a building code representation is
developed in order to help digitalizing the building codes and regulations with a formal
methodology. The developed building code representation is implemented to one of
the main building codes in Turkey which is Ankara Municipality Housing and Zoning
Code (AMHZC). Then, a case study is conducted to verify the developed building

code representation in a BIM-based automated code-checking tool.
1.3. Motivation

Motivation of this thesis takes foundation of the need for digitalizing building codes

in a formal way to take one step further towards standardization. Since building code



representations are the base of any automated code-checking system, representing
building codes and regulations in a formal way may boost overall performance of

automated code-checking systems in many ways as follows:

e Offering a base for the automated code-checking systems to reduce the challenges
occurring from ambiguities, conflicts, and different interpretation of building
codes

e Classifying rules in order to provide an understanding of the building code
structure to ease the building code representation

e Defining complexity structure of building code provisions by analyzing them in a
formal manner to ease the code-checking process

Representation of building codes and regulations has been a research area for more

than five decades. The initial work has been undertaken by Fenves (1966). Fenves

used decision tables to represent the American Institute of Steel Construction’s

(AISC) standard specifications. He offered “decision tables, an if-then novel

programming and program documentation technique” to represent building code

provisions in a precise and unambiguous form. This concept has found use in 1969

AISC Specification (AISC 1969) (Fenves et al., 1969). Then, the work by Fenves et

al. (1969) further developed with the investigation of different foundations for

restructuring the AISC Specification (Nyman et al., 1973). The AISC Specification
has been examined at four levels that are “the organizational network for the
requirements of provisions, the information network for connecting provisions, the
detailed level for representing individual provisions in decision tables, the lowest level
for representing basic data in provisions”. Although different possibilities for
restructuring the specification were presented, the study is summed up with

reorganization (Nyman and Fenves, 1975).

Further studies of the topic evolved around assisting standards writers in authoring
design standards with four-level representation (Fenves and Wright, 1977). Then,
research activities around the subject has been led up to a software system called

SASE (Standards, Analysis, Synthesis and Expression). SASE is used for generating



and checking decision tables, information networks, classification systems and
organizational provisions of building codes. SASE required two sets of information
from the user which are classifying the entities of provision applied and classifying

attributes required by the provision of building codes (Fenves et al., 1987).

Different approaches has been taken to represent building codes such as object-
oriented model. Object-oriented model allows organization of the model according to
the building design objects within the building code and gives the opportunity to the
designer to select varying classes of data items required for the related building code’s
pieces. Object-oriented model of a building code is divided into four main groups of
objects: the design object heterarchy for describing the building design objects
contained by the scope of the building code with more abstract features of related
systems and components such as shape, material, function, etc.; the performance-
limitation hierarchy for representing the limitations of building design objects such as
behavior, spatial clearance, etc. and the data and item hierarchy for representing the
properties and features of different information in building codes such as
requirements, rules, functions, graphs, etc., and the data item instance network for

representing the logic of a building code (Hakim and Garrett, 1993).

Another approach to represent building codes is object-logic model. Object-logic
model uses a unified object-oriented logic programming to combine two modules to
represent and process building codes (Yabuki and Law, 1993). Also, it is possible to
develop formal procedures for formulating to check entirety, eccentricity and conflicts
of the building code provisions (Yabuki, 1992). Object-logic model consists of five
modules: a standards base for representing the organization of a standard and
individual provisions, an object data model for linking CAD model and extracting
attributes, a conformance checking module for checking the compliance of a
component against provision requirements, a component design module for trial
design sections, and a standard analysis module for checking potential problems
related to completeness, redundancy and contradictions in the rule sets (Yabuki, 1992;
Yabuki and Law, 1993).



The context-oriented model is developed by expanding the object-oriented, object-
logic and description logic models. This model attaches the classes to provisions and
classes have a number of subclassification hierarchies. Provisions with related classes
are also tagged with the subclasses of the class. The collection of subclasses is called
“context” (Fenves et al., 1995). Associating the context with provisions eliminated the
high number of subclasses (Kiliccote et al., 1994). Further study by Kiliccote and
Garrett (1998) used isomorphic modeling which is the representation of a provision
by only one computable entity supported by the Standard Modeling Language (SML)
to eliminate the loss of locality.

Proposed by Kerrigan and Law (2003), the REGNET project aimed to develop an
infrastructure for regulatory information management and compliance assistance. The
REGNET project used a logic-based regulation assistance system built on XML-based
framework to represent regulations in a document repository which contains a

searchable user interface.

Development of rule-based systems has started in the late 1980s (Garrett and Fenves,
1987). With the development of Industry Foundation Classes (IFC) in 1990s, the early
research for the building code-checking made possible. Han et al. (1998) and
Vassileva (2000) illustrated general occasions and a client-server approach. Han et al.
(1999) identified the need for different object views for different types of rule
checking. Then, Han et al. (1999; 2002) developed a simulation approach of ADA

wheelchair accessibility checking.

One of the earliest automated code-checking systems is Singapore’s COnstruction and
Real Estate NETwork (CORENET). CORENET was first introduced in 1995 and used
on electronic drawings until 1998 when it has started operating on IFC building model
data. Then, CORENET is provided with the FORNAX programming language to
capture extended information from the building model objects (Solihin, 2004).
Another automated code-checking system is Stattbygg’s HITOS project. HITOS used

Express Data Manager (EDM) model server (EDM website) for storing and accessing



data, Solibri Model Checker (SMC) for accessibility checks and dRofus for spatial
programming and programming requirements (“dRofus,” n.d.). Moreover, Australia’s
DesignCheck automated code-checking system used object-based rule interpretation
and EDM for rule bases. DesignCheck developed an internal model for enhancing IFC
model data (Ding et al., 2006). Another automated code-checking system is The
International Code Council’s SMARTcodes project. The SMARTcodes project uses
an International Energy Conservation Code (IECC) dictionary to facilitate definitions
of objects and properties needed for automated code-checking. Also, SMARTcodes
project offered SMARTcodes builder, a web based application, for rule interpretation.
General Services Administration (GSA) has developed Design Assessment Tool
(DAT) for circulation and security checks of courthouses. A more recent automated
code-checking system is LicA system developed by the University of Porto, Faculty
of Engineering. LicA system uses a relational database which includes set of tables to
represent objects in water distribution network and calculation properties with
hydraulic analysis tool and code-checking feature (Martins and Montiero, 2013). LicA
is the only automated code-checking system mentioned in this thesis that does not

utilize IFC data model.

Extensive research steps has been taken in the areas of representing building codes in
a formal matter and developing automated code-checking systems. However, these
research results are still not commonly accepted and used. There are some reasons and
challenges behind this situation.

Many provisions in building codes are complex and competent. They require to be
represented with more comprehensive building code representations. For instance,
according to Fenves et al. (1995), almost 40% of the rules in the 1993 BOCA National
Building Code use high order logic. Therefore, current building code representation

initiatives are inadequate to express all or most of the provisions in building codes.

In most of the efforts, building code provisions are hard-coded into computer operable

rules. They use different programming languages such as C++, java, etc. Therefore,



these systems require high level of expertise and are not suitable for the most of the
users. Also, building codes and regulations are updated and revised frequently.
According to Malsane et al. (2015), The England and Wales Regulations Part L,
Conservation of Fuel and Power, has been updated each year for the last four years.
Changes in the building codes require changes in the code-checking systems. The
hard-coding of provisions into systems require complex interlinks between provisions.
Therefore, it is inefficient, time consuming and error-prone to update building code

provisions in such systems.

Lastly, there is not any correlation between building codes and code-checking
systems. Since, the building codes are competent and have complex nature, they lack
the generic vision of building codes. Therefore, the completeness of the building code

provisions in a whole matter is flawed.

This thesis mainly focuses on the previously mentioned gaps as its motivation. For
this purpose, a formal methodology to represent building codes is leveraged to achieve
interlinks between building codes and code-checking systems, for reducing the time-

consuming processes and maintaining a generic view of building codes.
1.4. Objectives

The overall objective of this thesis is to develop a formal representation of the building

codes based on the steps below:

e Discussing the previous research efforts on the topics of representing building
codes and automated code-checking systems to define the limitations and
challenges encountered in those efforts.

e Defining a formal methodology to digitalize building codes in order to ease the
overall process of automated code-checking.

e Defining a framework to bridge Building Information Modeling (BIM) and
automated code-checking with proposed methodology in order to consistently

represent building codes.



e Developing frameworks that does not require coding knowledge to allow non-

programmer users to update the proposed building code representation in their

own way.

1.5. Methodology

The methodology of this thesis consists of seven steps which are explained as follows:

Previous research efforts will be discussed and evaluated.

Based on the literature review, formal approach steps will be defined for
developing a building code representation to completely cover a building code
in automated code-checking process.

A formal representation of building codes will be developed.

Ankara Municipality Housing and Zoning Code (AMHZC) will be analyzed
according to the formal representation.

Implementation of the formal representation with the AMHZC using the
Solibri Model Checker (SMC) application will be performed in order to
determine the limitations and benefits of the proposed approach.

A case study will be performed to verify the proposed approach.

1.6. Outline

This thesis consists of six chapters which are: introduction, automated code-checking

process, building code representation methodology, building code representation,

building code implementation and case study and conclusion.

Chapter 1 gives brief information about manual checking process and its challenges,

introduces problems and challenges encountered in the building code representations

and automated code-checking systems, presents the motivation of this study, objective

of the thesis and methodology steps to be taken.

Chapter 2 presents background information about the automated code-checking

process, current automated code-checking platforms and review on the automated

code-checking systems.



Chapter 3 explains the proposed formal representation methodology of building codes

in detail.

Chapter 4 includes the analysis of a building code according to the proposed formal

building code representation methodology.

Chapter 5 presents digitalization of the analyzed building code and a case study using

a sample building design to validate the proposed building code representation.

Chapter 6 concludes with the study findings, discusses the limitations and challenges

of the approach and explains future research about the study.
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CHAPTER 2

AUTOMATED CODE-CHECKING PROCESS

2.1. Introduction

There are different terms related to the analyzing and confirming building designs
against building codes. Different authors describe this process with different terms
such as code-checking, rule-based checking, compliance checking or constraint
checking. However, there are minor differences between them and they can be

accepted as identical to each other.

All of the terms mentioned above describe a process that does not modify a building
design, but rather reviews and validates it. Automation of code-checking is defined by
Martins and Montiero (2013) as “the usage of a software to run a code, constraint or
rule-based checking routine”. Moreover, according to the Eastman et al. (2009), an
automated code-checking system can be; an application tied to a design tool, such as
a plug-in, a stand-alone application running parallel with design generating tools, or a
web-based application that can accept design from different sources. In general,
automated code-checking systems can be identified as systems which apply rules or
conditions to the design and report the result of the process with “pass”, “fail” or a

warning about the errors.

In this thesis, automated code-checking process is structured into six stages (Figure
2.1). First stage is the analysis of the building codes. In this stage, building code is
analyzed and building code provisions are divided into classes using a formal
methodology. Then, in the second stage the provisions are converted into digitalized
rules by implementing them according to the rule interpretation conditions. Third
stage is the digital representation of the building design with BIM tools. In this stage,

a building model is prepared for automated code-checking. The building model
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preparation depends on the analysis of the building code since required Level of
Development (LOD) to do code-checking changes from code to code. Fourth stage is
the extraction of the necessary information from the building model that will be used
for code-checking in Industry Foundation Classes (IFC) data model format. The IFC
data model represents a set of internationally standardized object definitions (Nawari,
2018). Usage of IFC is encouraged since it is aneutral model representation for
describing a building and used and accepted by most of the researchers and
commercial users (Eastman et al., 2009). Fifth stage is where the automated code-
checking happens. In this stage, digitalized rules are applied to the extracted data from
the building design to execute automated code-checking. The last stage is the reporting
stage where the checking results are displayed in different formats such as text,
graphical, etc. However, environment for checking the rules and reporting stages will
be discussed together since most of the time automated code-checking platforms and
systems offer built-in reporting features.

2.2. Analysis of the Building Codes

The building codes are the legalized documents which are controlled by the
authorities. The main objective of the building codes is to specify the minimum
requirements to efficiently safeguard the health, safety and welfare of the community.
There are building codes for different purposes such as seismic code, fire code,
housing and zoning code, etc. The building codes differ from country to country and
even from region to region since the best practices and the material accesses are
different. Therefore, it will be correct to say that the structure of the building codes

are not constant.

The building code structure is compiled of provisions. These provisions are used to
define the limitations of the building design. Also, provisions occasionally refer to the
other provisions in the same or other building codes. The provisions of a building code
can be used to define the terms, describe the limitations of the building design or even

give reference to the laws. For the purpose of this thesis, the provisions which describe
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the limitations of the building design will be emphasized. Therefore, from this point

on, the provision term will be used to describe the limitations of the building design.

Fepresentation of the 15 S
- Digzital representation of the

Analysis of the building codes building designin  €----- g -
- = - = building dezing (BIM)
needed LOD = =
Using a formal Extracting relevant data
methodology to classify from the building design
rules for immplementation for code-checking
¥ h 4

Using IFC Data Extraction of data from the building
Digitalization of building codes Model model for code-checking

—

Tl

Environment for
checking the rules

l
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Figure 2.1. Visual Representation of Automated Code-Checking Process

To apply automated code-checking on a building code, the provisions of the building
code should be carefully analyzed. Provisions in a building code may require basic
data, straightforward derived data or expanded data structure. Also, provisions should
be checked if they are computer interpretable or not. The analysis of the building codes
is rather ignored by most of the authors working on this topic. However, to apply
automated code-checking for a building code, it is necessary to develop a deep

understanding of the structure of a building code.

According to Macit (2014), the provisions of a building code is classified into two

types of rules which are “self-contained and linked explanatory rules”. The self-
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contained rules are the exact descriptions of the provisions such as width of a stair,
height of a door, etc. The linked explanatory rules are defined as the clarifications,

exceptions, exemptions, or modifications of other rules.

According to the Malsane et al. (2015), a filter is applied to the building code rules to
reduce the complexity. The building code rules are categorized into declarative and
informative clauses. Declarative clauses represent computer interpretable rules while
informative clauses represent rules that require human interpretation in order to
convert them to computer readable rules and building code rules that are not suitable

to categorize are deemed not suitable for automated code-checking.

According to the Solihin (2016), the rules of a building code is classified into four
different classes. Class 1 rules are defined as rules that require a single or small
number of explicit data. Class 2 rules are defined as rules that need simple derived
attribute values. Class 3 rules are defined as rules that need extended data structure.
Class 4 rules are defined as rules that require a “proof or solution”. However, this rule
classification method is inadequate to completely cover a building code and Class 4

rule classification is not informative and not used in most of the building codes.

In this thesis, Solihin’s (2016) rule classification will be used as a baseline and further

modified in order to completely cover building codes.
2.3. Digitalization of Rules

In the digitalization of rules stage, the rules that are written in human language format
are represented in computer readable format or codes. Extensive research efforts have
been conducted by different researchers using various approaches for representing the
building code rules. Three of the most common approaches are reviewed here which

are object-based approach, logical approach, and ontological approach.
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2.3.1. Object-Based Approach

Object-based or object-oriented approach is a method that arranges the information.
This organization is reached through by representing the object types as the knowledge
(Ismail et al., 2017).

In this approach, three stages are defined as building codes classification and
abstraction, rule representation modelling and knowledge base establishment (Yang
and Li, 2001). As stated in Figure 2.2, the building codes are classified and interpreted
while defining all corresponding objects. After that, the connections between different
classifications or building codes are established and lastly the facts and values are

maintained and stored in a tabular form as an information base (Ismail et al., 2017).

Building code classification & Rule representation
abstraction modelling
Classify and interpret the Identify all related objects to
building codes the building codes
| |
v

Knowledge base establishment

Store and maintain the data and values

Figure 2.2. Stages of Object-Based Approach (Ismail et al., 2017)

Other studies around this topic also used similar approach as procedure such as
Singapore’s CORENET system. By utilizing a C++ object library named FORNAX,
they made it possible to constitute higher level of information basis for automated
code-checking. By using FORNAX objects, the IFC data model is easily extended for
representing written rules in computer without the assistance of extensive algorithms
(Eastman et al., 2009).

Another example of object-based approach is the Australia’s DesignCheck system.
DesignCheck system utilizes Express Data Manager which uses an object-based rule
engine. This system is similar to the Singapore’s CORENET system. However,

DesignCheck aims to aid the users in different phases of building design stages such
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as early stage, detailed stage and specification stage. Each rule in DesignCheck is
analyzed and categorized according to the different parameters and object properties
such as description, objects, properties, relationships, etc. to ease the automated code-
checking process (Ding et al., 2006). A similar approach to the DesignCheck system
is taken as an approach known as Fire Codes Checker (Balaban et al., 2012).

In another approach, object-based approach and logical approach have been combined
with a rule based engine framework to interpret fall protection and safety for the
construction stage (Zhang et al., 2013). The rules identified with three stages. First,
the components, properties and connections needed to represent a safety condition are
described. Then, the logic required for carrying out the assessment determined. Lastly,
method to resolve the safety issues is determined. To extend the automated code-
checking process and to enhance the decision-making, rule-based algorithms are
utilized. Similar to the Australia’s DesignCheck system, this approach also uses rule
categorization to further simplify the rules. Each rule is categorized according to the
different building objects (Ismail et al., 2017).

2.3.2. Logical Approach

The building codes are fabricated by humans according to a logic. Therefore, mapping
written rules to the computer codes is possible through logic. One of the most common

approach to represent rules in computer readable codes is first order predicate logic.

The predicate logic has been utilized to supply validation of checking logically with
different capabilities such as representation of the checking procedure, computation
of rules chosen, different situations of rules and definition of building elements as
representations of predicate logic (Lee, 2010). In this effort, the rules of United States
Court Design Guide (USCDG) have been applied to the building elements in order to
validate and conduct checking. In USCDG, rules are consisted and connected by many

logical conditions like ‘and’, ‘or’, ‘all’ and ‘if-then’. As a result, checking is done

through validating logical conditions to give results either as ‘true’ or ‘false’. In a
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similar study, KBimCode which contains a collection of building permit needs, used

predicate logic to interpret rules (Lee et al., 2016).

Another approach used conceptual graph to represent rules in basic logic structure
(Solihin, 2016). An advantage of conceptual graph is that it is possible to use
conceptual graph without any knowledge of a programming language. Conceptual
graph is used to take the rules, objects, relationships within building design
components with constraints. Conceptual graph uses rectangles to represent concept
nodes, ovals to represent conceptual relations and diamonds to represent functions.
The arcs are used to connect nodes and arrowheads of arcs pointing to the ellipse is
the first argument of relation. The last node is described with arrowhead of arc

pointing from the ellipse (Figure 2.3).

Concept Node Concept Node Concept Node

Concept Node

(t

Figure 2.3. Basic Definitions of Conceptual Graph (Solihin, 2016)

Conceptual graph approach consists of four stages to translate rules. Firstly, main
concepts of the rule is identified such as space notion. Secondly, atomic sub rules are
defined since building code rules often have more than one sub-rule. Thirdly, atomic
requirements and limits are determined. Lastly, conceptual graph of the rule which is

connecting the concepts using relations and functions is defined (Figure 2.4).

BIM Rule Language (BIMRL) is developed under related study using Structured
Query Language (SQL) to ease the automated code-checking process. In this
framework, SQL was used to manage the data (Ismail et al., 2017). In Portugal’s LicA
system, SQL was also utilized (Martins and Montiero, 2013). The data have been
controlled with a set of tables consisting of code checking framework, components

and outcomes.
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Figure 2.4. Conceptual Graph Four Stages of Rule Translation (Ismail et al., 2017)

In another approach, deontic logic which is a part of modal logic is used to deal with
obligations, permissions, etc. (Salama and EI-Gohary, 2011). Deontic logic approach
uses reasoning to decide whether building model is permitted or forbidden according
to the building code. Deontic logic effort has a more advanced capacity to deal with
advanced information representation and reasoning than if, then and else logic (Ismail
et al., 2017). The reasoning system consists of two layers which are deontology layer
and ontology layer. Deontology layer represents laws and codes and reason about the
checking of them. Ontology layer represents data about projects and its construction
operations. This approach uses deontic conceptualization, deontic logic and Natural

Language Processing (NLP) techniques (Salama and EI-Gohary, 2011).

Decision table method was first introduced by Fenves (1966) which uses a then-novel
programming and programming documentation technique and it is very similar to the
logic approach. It has found use in 1969 AISC Specification (AISC 1969). Decision
table method is a method of listing logical rules in parameter tables. It can be used to
represent higher level of logic in a precise and straightforward format since it contains
requirements and relations arranged in a matrix (Ismail et al., 2017). This approach
was expanded in order to extend building codes (Tan et al., 2010). In that study,

hyperlinks of the building codes have been included.
2.3.3. Ontological Approach

Semantic web technologies are introduced as an alternative approach to the IFC data

model for automated code-checking (Pauwels et al., 2011). The semantic approach
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utilizes World Wide Web (WWW) to represent its semantic network of information.
This semantic network describes concepts with a directed, labelled graph (Figure 2.5).
Each node in this graph represents a concept or an object while arcs represent logical

relation between nodes.
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Figure 2.5. Graph Description of Window (Pauwels et al., 2011)

Semantic web approach utilizes the Resource Description Framework (RDF) to
represent its graph structure (RDF Primer, 2014). An RDF graph is constructed using
AND operator for a series of logical statements consisting of concepts or objects and
these statements are also known as RDF triples (Figure 2.6). RDF graphs can utilize
an improved semantic structure by using RDF vocabularies or ontologies. Required
elements to create such ontologies are described and available in the RDF schema
(RDFS) (RDF Schema, 2014). To describe ontologies with more expressive elements,
the Web Ontology Language (OWL) is used which utilizes RDFS concepts as a subset
(OWL Features, 2009) (Pauwels et al., 2010).
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Figure 2.6. An RDF Triple Statement: Subject-Predicate-Object (Pauwels et al., 2010)

A formal ontological approach which is based on the semantic web has been
developed by Yurchyshyna et al. (2008). In this approach, four stages are identified
for modelling the conformity checking process. First, a knowledge acquisition method
is utilized to represent data of checking process. Second, a reasoning model based on
graph projection is developed. Third, a method for capitalizing of tacit expert
knowledge on the checking process using expert rules is utilized. Lastly, these stages

are integrated into the C3R system for validation.

Another ontological approach has been developed by International Code Council. The
overall platform is named as SMARTcodes (“Digital Alchemy,” n.d.). An
International Energy Conservation Code dictionary was developed using
SMARTcodes platform which utilizes similar knowledge acquisition method in C3R
system. This dictionary is used as a platform of communication between rules and

building model which is also similar to the C3R system’s reasoning model (Ismail et

al., 2017).

A different approach used semantic web technologies with Semantics of Business
Vocabulary and Business Rules (SBVR) and SPARQL Protocol and RDF Query
Language (SPARQL) to redevelop building codes (Bouzidi et al., 2012). Another
approach developed CQIEOntology for the construction quality code-checking
against building codes (Zhong et al., 2012).

In a different ontological approach, a concept named RASE was developed. The
RASE concept is based on the four operators which are: Requirements (R),
Applicabilities (A), Selections (S), and Exceptions (E) (Hjelseth and Nisbet, 2011).
These operators can be attributed to contain a topic, a property, a comparator and a

target value (Hjelseth and Nisbet, 2010). Requirements are defined with the
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imperatives ‘shall’ or ‘shall not’ and every check must contain at least one
requirement. Applicabilities are defined as the phrases which do not directly related
to the building code but can be used to compound building model components.
Selections are defined as alternative concepts contained in building code rules. Lastly,
exceptions are defined as opposite functions of applicabilities. RASE concept was
tested in Norwegian accessibility standard, Dubai building regulation and United

States Court design guidance document (Hjelseth and Nisbet, 2011).

The RASE concept is conducted in a method which primarily focused on building
codes names as Code for Sustainable Homes (CSH) and Building Research
Establishment Environmental Assessment Method (BREEAM) (Beach et al., 2013).
In this study, RASE concept has been extended since BREEAM and CSH building
codes do not produce pass or fail results. Instead, they give numeric scores from 1 to
5 to check the building model. In a different approach, RASE concept is combined

with decision logic to interpret building codes (Kasim, 2015).
2.4. Digital Representation of Building Design and Data

The popularity of Building Information Modeling (BIM) tools is significantly
increased over the last decade. The technology of BIM allowed users to visualize and
examine in a virtual environment what to be constructed or fabricated (Nawari, 2018).
Also, BIM allows detection of any design defects or problems in the building model.
According to the National BIM Standard - United States® Version 3 (NBIMS-US,
2015), BIM is defined as “a digital representation of physical and functional
characteristics of a facility. A building information model is a shared knowledge
resource for information about a facility forming a reliable basis for decisions during

its life-cycle; defined as existing from earliest conception to demolition”.

With the increased knowledge and use towards BIM tools, BIM is not only used for
visualization and storing properties of building model components, but also for the
semantically rich information which is embedded to these components that allows

more sophisticated analysis to be achieved such as automated code-checking.
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However, to utilize BIM in an automated code-checking system or tool, model
requirements of the building design must be determined. In order to determine the
model requirements, the aim of the related building code need to be precisely
determined. In the next section, the model requirements of the BIM tools will be
explained in detail.

2.4.1. Model Requirements

Automated code-checking systems include many data, functions and calculations
embedded to them. Therefore, an appropriate building model shall provide automated
code-checking systems with related information needed. For example, walls,
windows, doors, etc. shall contain related information about structural properties,
energy performance, noise reduction, etc. To specify the level of detail that the
building model has, Level of Development (LOD) specification can be used. The
primary purpose of the usage of LOD specification is to provide minimum necessary

information to allow automated code-checking.

In BIM tools, all of the designing phases are model oriented. Different users are using
BIM tools for different tasks and purposes. Therefore, to achieve the most
interoperability and to reduce data loss by changing data model, different users shall
operate on the same data model. The steps have been taken for standardization of data
models with the emergence of interoperability and other problems. One of the most
recognized and used data model by many of the practitioners and users is the Industry

Foundation Classes (IFC) data model.

In the next section, the model requirements for the automated code-checking systems

are explained in detail which are LOD specification and IFC data model.
2.4.1.1. Level of Development (LOD)

Building designs contain large sets of data embedded into them. Therefore, the
minimum degree of information needed which the data possesses for the automated

code-checking is a crucial task.
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The Level of Development (LOD) is the degree of information that the building model

components have. In short, LOD is how much detail the model has.

LOD has been developed by the American Institute of Architects (AlA) in 2008 as
part of E202TM-2008, Building Information Modeling Protocol. Due to the
continuously changing nature of BIM, LOD has been updated and reconfigured yearly.
According to the AIA Document E203TM-2013 (American Institute of Architechts
(AlA), 2013), LOD is described as the minimum dimensional, spatial, qualitative and
other data in a building design component to support required uses. Aim of the LOD
specification is to assist practitioners in AEC industry to define and specify the
building information models with clarity at different stages of design and to

standardize the application of LOD in BIM environments (Nawari, 2018).

According to AIA Document E203TM-2013, there are five definitions of different
LOD that are LOD 100, 200, 300, 400 and 500. At 2015, BIMForum added the LOD
350 definition to the LOD specification. The definitions of different LODs have been
given below (AIA, 2013; “Level of Development Specification,” n.d.).

LOD 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.”
LOD 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.”
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LOD 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.”
LOD 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.”
LOD 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.”
LOD 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.”

According to the Solihin and Eastman (2015), for building models at the design
development phase, usage of LOD 300 or LOD 350 is generally sufficient for
automated code-checking. However, they also mentioned that LOD should be used at
minimum level satisfactory for automated code-checking so as to minimize the efforts

for modeling.
2.4.1.2. Industry Foundation Classes (IFC) Data Model

Industry Foundation Classes (IFC) data model provides detailed specifications as a set

of internationally standardized object definitions (Nawari, 2018). IFC data model is
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registered by the International Organizations for Standardization (ISO) as ISO 16739
(ISO, 2018). According to the International Organization for Standardization (I1SO,
2018), IFC data model is an open international standard for BIM data which allows
exchange and sharing of data among different software applications used by different
participants. The IFC data model is developed by the International Alliance for
Interoperability (1Al) in 1996 (Liebich and Wix, 1999). On 2008, IAl changed its
name to buildingSMART.

The IFC data model uses EXPRESS data description language. EXPRESS language
is a part of the ISO Standard Exchange of Product (STEP) model (ISO 2016).
EXPRESS language is a schema language that provides the specification of classes
belonging to a defined domain, the attributes or information of those classes and the
constraints on those classes. Also, EXPRESS language allows describing the relations
between classes and the constraints applied (Nawari, 2018). EXPRESS language
describes every component and different types of terminologies, connections and

cardinality of building designs (Kasim, 2015).

An alternative specification is defined as Extensible Markup Language (XML) as
ifcXML. ifcXML was developed and released in 2001. XML is readable by both
humans and computers and self-descriptive. XML has a simple function of describing
different rules to code documents with XML tags and results with a format that can be
transferred between both sender and receiver. In summary, XML can be defined as a
global format that is used to depict and transform a building design using mapping

engine (Kasim, 2015).

The IFC data model is structured into four layers which are: Domain/Application
layer, Interoperability layer, Core layer and Resource layer (Figure 2.7). The resource
layer is used or referred by classes in the other layer. All information concerning a
domain is collected together within the domain’s schema and any classes within the
Core, Interoperability and Domain/Application layers will reference to this domain.

The Core layer is used to describe basic structure of the IFC object model and abstract
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concepts used by the higher levels of the IFC object model. The core layer has two
levels: The Kernel level and Core Extensions level. The Kernel level determines the
model level structure and decomposition and provides basic concepts of IFC models.
Core Extensions level provides specialization of concepts from the Kernel level. The
Interoperability layer is used to provide modules defining concepts and objects to
different domain/application models. The Domain/Application layer is used for
further model detailing within the AEC domain or different types of applications

(International Alliance for Interoperability [IAI], 1999).

IFC data model is considered as a successful schema for providing knowledge
interchange and interoperability (Nawari, 2018). Since the 1996 which is the
development year of IFC data model, different versions of IFC data model has been
developed to further enhance its capabilities (Figure 2.8).

In this thesis, the IFC data model is utilized to transfer information between BIM
software and the automated code-checking system. The reason behind this can be
described with the need of standardization of the overall process of automated code-
checking and IFC data model is one of the most standardized building information
data format available in the literature. According to the Yang and Li (2001), for
representing the 3D CAD components of building design to conduct automated code-
checking features, IFC and its accommodating knowledge representations could be
useful due to their standardization, certainty, consistence and entirety of determination

of building models.
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2.5. Environment for Checking the Rules and Reporting

In this section, the information from previous sections are gathered in an environment
to check their compatibility. After checking, the results are reported. As stated before,
since automated code-checking tools mostly offer built-in reporting features,
environment for checking the rules and reporting stages will be discussed under the

same headline.

There are extensive research efforts conducted by different researchers and
governments by utilizing various approaches for checking the rules and reporting the
code-compliance. These approaches will be viewed and explained under automated
code-checking platforms and automated code-checking systems. The difference
between automated code-checking platforms and systems is that, automated code-
checking systems are composed of automated code-checking platforms and additional

supplementary softwares.
2.5.1. Automated Code-Checking Platforms

Research evolution of automated code-checking platforms for building designs began
more than three decades ago (Garrett and Fenves, 1987). However, the technologies
in this topic are continuing to evolve towards an actual automated code-checking
platform. Still, there is not any automated code-checking platform that covers full
functionality to check a building code since most of the efforts are region specific or

covering specific rules.

There are a number of automated code-checking platforms developed to support
automated code-checking features. They tend to differ from each other in their
capability of automated code-checking processes, flexibility in modeling, encoding of
building codes, reporting features and integration with other software. In terms of
information sharing features, their methods are different. Some of them are considered
to be using black box methods which users have limited access to the rule creation
engine. Other methods utilize gray box and white box methods which users have

varying customization and creation of rules (Figure 2.9) (Nawari, 2018). In this thesis,
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four different automated code-checking platforms are reviewed which are Solibri
Model Checker, FORNAX, SMARTcodes and JOTNE EDModel Checker. These
platforms utilize object-based rule engines to apply automated code-checking feautes.
All of the platforms discussed here apply rules on the IFC model data as a neutral file

format to represent building information.

Black-box methods

Outputs

Model input

Gray-box methods

Model input

Model input White-box methods

Figure 2.9. Different Platforms of Automated Code-Checking

2.5.1.1. Solibri Model Checker

Solibri Model Checker (SMC) is a java-based desktop platform application. SMC can
be used to read IFC data files from different applications and combine them to apply
checks on them. It has the ability to check for model clashes, geometric attributes, fire
code exits, path distances, space requiements, etc. (Figure 2.10). The main purpose of

the SMC to continuously improve the quality of the BIM model during its life cycle.
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Figure 2.10. SMC Rule Set Selection

Rules can be parametrically customized through table-set control parameters. In short,

the users have the ability to change the parameters of constraints in a desired way.

However, creation of new rulesets is only possible through Java programming
language by utilization of the SMC application program interface (API). But, the SMC

API does not have open access and does require expertise of Java programming

language and SMC data structure. However, SMC allows users to request new rules

throughout their subscription using the Ruleset Manager in order to satisfy the needs

of the customer (Figure 2.11) (Nawari, 2018).

SMC require files to be in IFC data model format. Also, it can combine models from

different disciplines to perform checks on them. The combined models can be saved

in a SMC file format which is more compressed than IFC data model format.
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Figure 2.11. SMC Ruleset Manager

SMC is a sophisticated application with vast amount of features to improve the user
experience. The building model can be browsed through the SMC user interface (Ul).
Also, it has the standard model manipulation tools such as zoom, pan, rotation,
walkthroughs, etc. SMC allows clash examination of different building elements by
toggling on and off related features from Ul (Figure 2.12). Any object in the building
model can be grouped, highlighted or hided from the view. In SMC, since the model
provides a basis of underlying data, any object’s information can be viewed such as
attributes, location, quantity, area, etc. (Nawari, 2018). Also, SMC can report its
results in a visual manner such as pdf, xIs or xml file formats (Salama and EI-Gohary,
2011).

The issues found in the SMC are usually fixed in the original BIM software tool. Since
SMC does not have a direct link between BIM software tools, the process of locating
issues in the building model done manually. To address this issue, SMC suggests
exporting results in the BIM Collaboration Format (BCF) which is based on XML
schema of buildingSMART. BCF allows object or object views in BIM software tools
to identify and locate the results automatically. However, BFC is independent from

the IFC data model schema. SMC offers tools to compare two versions of the building
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model to further enhance the interoperability that shows the differences between
models (Nawari, 2018). Lastly, SMC is an adequate application to conduct automated

code-checking since it does not require specific expertise of knowledge.
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Figure 2.12. SMC Ul Code-Checking Results

2.5.1.2. FORNAX

FORNAX is an independent platform that was developed for the Singaporean
CORENET project. FORNAX is developed by novaCITYNETS (novaCITYNETS,
2000). FORNAX is a C++ object library which is able to create new information and
expanded views of IFC data model. FORNAX is used to augment IFC data model with
higher-level of semantics to conform automated code-checking features (Nawari,
2018). FORNAX objects carry rules themselves to asses them which provides good
object-based modularity (Eastman et al., 2009). These objects are designed for the
customization which allows different codes and conditions to be checked. FORNAX
can be used for variety of checks such as building codes, access, fire codes, parking,
ventilation, etc. (Kasim, 2015). CORENET performs rule checking in three phase
which are; checking with current IFC information, property set extensions to IFC and
derived information from IFC (Eastman et al., 2009). Basically, FORNAX objects are
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used to obtain new information and produce expanded views of IFC to process

automated code-checking.
2.5.1.3. SMARTCodes

An automated code-checking platform has been developed by International Code
Council which is called SMARTcodes. SMARTcodes allows users to interpret written
language rules to the computer codes with the help of a dictionary of field particular
terms and semi-formal methods (as cited in Eastman et al., 2009). More descriptive
information about the SMARTCcodes is given under the International Code Council

automated code-checking system.
2.5.1.4. Jotne EDModel Checker

The Express Data Manager (EDM) is an application that was developed by the Jotne
EDM Technology in Norway in 1998 (Nawari, 2018). EDM provides users with an
object database and support open-access of rule checking by utilizing EXPRES
modeling language which is the part of ISO (2016) (Eastman et al., 2009). By using
EXPRESS modeling language, users can interpret written rules to the computer codes.
EDM also supplies users with modules such as EDMmodelserver and
EDMmodelchecker. By using EDMmodelchecker, users can validate a dataset and
ensure its conformity to the rules and constraints defined in EXPRESS schema
(Nawari, 2018). EDMmodelserver which is an object-based database server allows
users to deal with large building model data (Eastman et al., 2009). Also, EDM
provides users with textual reporting and server services to enhance the user

experience.

In EDM, new model views are possible to develop by utilizing EXPRESS and
EXPRESS-X languages which are used for connecting data from different EXPRESS
schemas (Nawari, 2018). Also, EDM allows users to utilize Java, C, C# and C++
programming languages to enable creation of application programming interfaces
based on the EXPRESS schema (“Express Data Manager,” n.d.).
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2.5.2. Automated Code-Checking Systems

In this section, six of the automated code-checking systems are reviewed. Most of
these systems are still under development and utilize black box methods for
information interoperability. The systems are summarized in Table 2.1.

Table 2.1. Automated Code-Checking Systems Summary

Developer Target Rules Rule Platform
Singapore  CORENET 1998 Building Code FORNAX
Norway Stattsbygg 2005 Accessibility SMC
Australia  DesignCheck 2006 Accessibility EDM
- SMARTcodes,
USA ICC 2006 Building Code SMC, Xabio
Circulation and
USA GSA 2008 Security SMC
Portugal LicA 2013 Water Systems LICAD

2.5.2.1. CORENET System

CORENET (Construction Real Estate NETwork) is the first code checking system
that has been used in practice. CORENET was first developed by the Singapore’s
Ministry of National Development. CORENET offers an infrastructure to establish
information exchange and interoperability between relevant government agencies and
real estate industry on different phases of building life cycle such as design,
construction and maintenance. CORENET contains three modules which are e-
Submission, e-PlanCheck and e-info. Real estate industry professionals use e-
Submission system to transfer building designs to system for approval of different
type of building permits. e-Info system provides related information to the
professionals. e-PlanCheck system allows professionals to check building model
against related building codes. Therefore, our main interest among these three modules

is the e-Plancheck.
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The e-PlanCheck system has used electronic drawings for compliance checking until
1998, then the Industry Foundation Classes (IFC) was introduced into the system for
importing building model data. The main objective of e-PlanCheck is to cover building
plans and building services compliance checks against related building codes such as
fire safety, building design, environmental health, vehicle parking, etc. However, IFC
building model only offers a schema for objects in the design. As a result, CORENET
is provided with FORNAX. FORNAX is developed by novaCITYNETS which is an
e-government solution provider in Singapore. FORNAX is based on C++
programming language which extracts related information from the IFC data to
accomplish compliance checking. Basically, FORNAX objects are used to derive new
data and produce extended views of IFC to accomplish automated compliance
checking (Figure 2.13). Also, by using FORNAX objects, users does not need to use
additional algorithms to retrieve certain attributes from the design. CORENET
performs rule checking in three phases which are; checking with current IFC
information, property set extensions to IFC and derived information from IFC
(Eastman et al., 2009).

Clause 1
Clause 2
Clause 3

Built-in Common Rules

FORNAX Checking Engine

FORNAX Objects

FORNAX Geometry Engine & Services

IFC Building model repository

Figure 2.13. CORENET Architecture (novaCITYNETS, 2000)
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2.5.2.2. Norwegian Statsbygg’s Design Rule Checking

The Singapore’s CORENET system was modified and adopted in Norway by the
Norwegian Agency of Public Construction and Property (Statsbygg). The modified
system was tested in specific projects such as Selvaag Group’s “Munkerud” housing
project and Akershus University Hospital (AHUS) project for different set of rules
(Sjogren, 2007; Sjegren, 2005). After these early efforts, with the purpose of
extending the use of IFC over overall project life cycle, different platforms was
experimentally adopted such as SMC, dRofus, EDM model server and checker, e-
PlanCheck, etc. The HITOS project was named after by Tromse University College
and managed by Statsbygg and Tromse University College since 2005.

HITOS project used EDM model server to store and access building model data using
IFC data format. The accessibility rules are parameterized, mapped to objects and
executed using Solibri Model Checker (SMC) Ruleset Manager. SMC is used to
extract related objects’ attributes from the building model. For spatial programming
and programming requirements, HITOS utilized dRofus (Figure 2.14) (“dRofus,”
n.d.).

) ) ISO/CD 21542
Project-specific ICC/ANSI A117.1
requirements (Accessibility Rule)

g { Design & Rule Checking } ~

Spatial Programming & . - e -
[Requirement Checking Archl(t:::é::'éll-\%esggn Amessn?lsllgnyc(;heckmg

(dRofus)

\ _ t P Y,

= Structural Design

Early Cost Estimate

Terrain Modeling MEP Design

Energy Simulation

Model Server

\ A % PR

Figure 2.14. Overview of HITOS Project (Eastman et al., 2009)
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2.5.2.3. Australia’s DesignCheck System

Australia’s DesignCheck system was created by researchers of CRC for Construction
Innovation (Ding et al., 2006). The DesignCheck system utilizes object-based
interpretation to define building codes and Express Data Manager (EDM) rule bases
for encoding (Figure 2.15). The DesignCheck systems uses IFC model data for design.
However, an internal model developed in order to enhance IFC models to cover

enriched information necessary building codes. Also, developed internal model is

further structured to cover new attributes.

The system architecture of DesignCheck composes of three tools which are: “main

user interface, EDM database and the report system” (Ding et al., 2006) (Figure 2.16).

EDM checker utilizes the EXPRESS language to describe rule diagram.
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Figure 2.16. DesignCheck System Architecture (Ding et al.,2006)

It can be said that Australia’s DesignCheck system is similar to the Singapore’s
CORENET system. However, DesignCheck system also offers rule check at different
phases of building design.

2.5.2.4. International Code Council

The International Code Council (ICC), which is the organization responsible for
master building codes in North America, began supporting SMARTcodes project in
2006. The SMARTCcodes project was implemented by AEC3 and Digital Alchemy.
One of the main objectives of SMARTcodes project to provide link between written
codes to computer-interpretable code sets. Developers of SMARTcodes project
focused mainly on automating and simplifying automated code checking of federal,
local and ICC codes. However, the SMARTcodes project is ended in 2008 due to
recession (“Digital Alchemy,” n.d.).

The SMARTcodes project has been utilized on International Energy Conservation
Code in 2006 (“Projects International Code Council,” n.d.). The SMARTcodes project
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uses an International Energy Conservation Code (IECC) dictionary to facilitate

definitions for objects and properties needed for automated code checking.

ICC offered a web-based software, SMARTcodes Builder, to create SMARTcodes.
The software allows users to utilize expressions and expressions’ logical parts, then
formalizing the expressions utilizing the terms from the database (Nawari, 2018). The
IECC dictionary is not limited to be used for rule interpretation, also allows
information exchange between SMARTcodes system and the IFC data model of the
building design (Eastman et al., 2009). SMARTcodes software required users to
utilize components like building model, building location, code to be checked and

model checking system.

The initial effort, SMARTcodes for SMC, was created by Digital Alchemy and AEC3
(“Projects International Code Council,” n.d.). It allowed users to conduct rule-based
code checking from ICC 2006 on limited test models such as Lawrence Berkeley
National Laboratory, the National Association of Realtor Headquarters building, and
four building models provided by the U.S. Coast Guard (Eastman et al., 2009).

Figure 2.17 shows the framework of SMARTcodes concept. The reporting part is
supported through the reporting engine of the model-checking software (MCS)
(Nawari, 2018). The reports can be viewed in various file formats such as .html, .pdf,

1tf, xls and .xml (Eastman et al., 2009).
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Figure 2.17. SMARTcodes Framework (Nawari, 2018)
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2.5.2.5. General Services Administration

The US General Services Administration (GSA) is one of the pioneers of BIM
utilization and usage in USA. The GSA started publishing BIM guidelines in 2007
(General Services Admisinistration [GSA], 2007a) and their latest publication was in
2016 (GSA, 2016).

The GSA has started to develop a rule-checking system named Design Assessment
Tool (DAT) for circulation and security validation of courthouses. The rules of DAT
were extracted from the U.S. Court Design Guide (CDG) (GSA, 2007b). The CDG
rules were translated into DAT in 302 statements. The circulation rules of CDG were
constructed into four high-level conditions: “start space, intermediate space,
destination space and transition” (Eastman et al.,2009). All of the space requirements
include a space name and a security level such as public, restricted and secure (Figure
2.18). The rules are specified in a SMC parametric table. Rules defined by the
parameters shown in Figure 2.18 become computer-processible by utilizing a SMC

plug-in developed by Georgia Tech (Eastman et al., 2009).

Checked Paths
Start Required Destination Transition Conditions RuleR...
Name: prisoner vehicular sal... Name: central holding facilities [Security Level: secure,Usage: circulation, Vertical Acces... |3 153 -
Name: central holding Facilities |ALL Name: USMS elevator | Name: USDC courtroom Level: secure 2 cir Vertical Acces...)3 153
Name: prisoner HLDG, CELL Name: USDC courtroom Security Level: secure,Usage: circulation,Route Length... |3153 =
Name: prisoner HLDG. CELL N: : Maqistrate judae co... [Security | evel: secire |lsage: circulation Route lenath. . 3153 S
Name: control area N4 Route Conditions =
Name: control area N3 .
Name: sally port Na
Name: sally port N3 | On/Off Condition Value
Name: USBC courtroom N3 Security Level secure
R - W] Usage circulation
Metric Route Method | GA Tech Method [ Route Length
) p———— @] Direct Access N
GA Tech Metric Route's Buffer |-11 13/16" Vertical Access allowed
Route Visualization L'*‘"‘ Routes ™
[ Visualize Spaces ] [ (¢ } [ Cancel ]

Figure 2.18. Rule Description of DAT System (Eastman et al., 2009)
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2.5.2.6. LicA System

LicA is a system which is defined by Martins and Monteiro (2013) as “a system that
performs automated code-checking of Portuguese domestic water systems”. LicA has
been developed by the University of Porto Faculty of Engineering (FEUP). The
framework of LicA system has been showed in Figure 2.19. The LicA system uses a
relational database which includes set of tables to represent objects in water
distribution network and calculation properties with hydraulic analysis tool and code-
checking features. The LicA system database is developed in Transact Structured
Query Language (T-SQL) (Martins and Montiero, 2013). The LicA system results are
gathered in table for post-processing and the database is accessible through an Open
Data Base Connectivity (ODBC).

A 3D graphical user interface (Ul) named LICAD was created in order to enter and
indicate results which then used to illustrate network model in 3D with color and text
explanations. The LicA database and LICAD was developed separately to provide
further development, usage freedom, preventing versioning and interoperability. The

conceptual relations of LicA and LICAD are represented in Figure 2.20.
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Figure 2.19. LicA System Framework (Martins and Montiero, 2013)

In its current version the LicA system does not support IFC data format. The system

and database has been strictly developed for automated rule-checking of Portuguese
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building codes. Also, LicA system has solution for ambiguities in building codes with
developing various sets of groups for code-checking results such as a class of checks

done manually (Nawari, 2018).
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Figure 2.20. Conceptual Relations Between LicA and LICAD (Martins and Montiero, 2013)

The Ul of the LicA system is divided to four components (Figure 2.21). In the figure,
first tab from the left is the model definition tab which allows user to design the
network and navigate the 3D model, the second tab from the left is the hydraulic
analysis tab which allows user to run hydraulic calculations, the third tab from the left
Is the code-checking tab which allows user to check code provisions defined and the
fourth tab from the left is the maps and views tab which allows user to generate text-
based reports such as quantity takeoffs, hydraulic calculation and code-checking
results (Martins and Monteiro, 2013).
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Figure 2.21. LicA User Interface and Code-Checking Results (Martins and Monteiro, 2013)

2.6. Limitations and Needs

In this chapter, the automated code-checking process and its components are explained
in detail. Moreover, studies related to the automated code-checking process and its
components are summarized. However, most of studies presented in this chapter
require expert knowledge like programming languages such as C++, java, EXPRESS,
etc. Also, most of the efforts are using black box methods which do not share the
details of the code checking process with the users. Therefore, it is difficult for non-
experts to conduct automated code-checking using these systems and platforms. Also,
most of the automated code-checking systems and tools are focusing on the selected
building codes which makes them not compatible with other building codes than the
selected ones. Therefore, application of automated code-checking on different
building codes is cumbersome and limited. Moreover, the tools or systems used for
digitalizing and representing the rules mostly focus on specific/selected rules which
are inadequate to completely cover building codes. Therefore, an integrative work is
needed to represent a building code completely and to allow non-experts to utilize
automated code-checking.
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In the next chapter, a building code representation methodology is defined and

explained in detail to represent a building code completely.
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CHAPTER 3

BUILDING CODE REPRESENTATION METHODOLOGY

3.1. Introduction

This thesis presents a building code representation methodology for analyzing
building codes in order to ease the automated code-checking process. The proposed
methodology is used to classify the building code rules in a formal manner and to
check their interpretability conditions to categorize whether the rules can be expressed
in a computer readable format or not. The proposed building code representation
methodology firstly analyses the building code and decomposes it. Then, it organizes
the building code rules into different classes such as Class 1, Class 2, Class 3, and
Reference rules and into different interpretability conditions such as Interpretable,
Semi-Interpretable, and Non-Interpretable rules. Lastly, the developed building code
representation is utilized to determine necessary variables in order to process code-
checking in automated systems and platforms in a more efficient and precise way. For
instance, determination of LOD, decision of which automated code-checking system
or platform will be used for automated code-checking, or prediction of external
software solutions required for completely checking a building code, are carried out.

3.2. Building Code Analysis

Building codes are written in human language and contain complex information.
Therefore, to interpret a building code in computer readable format, first it is necessary
to develop a deep understanding of it. Most of the automated code-checking studies
focus on how to represent written rules in computer readable format. However, these
studies ignore the natural characteristics of the building codes. Building codes are not
independent documents and they occasionally refer to other building codes. Also,

building codes do not always present information in a formal expression. Moreover,
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the application of the building codes rely heavily on the controller’s experience and
judgment. To accomplish automated code-checking, analyzing first the building code
is a significant and needed task. In this section, the typical building code structure is

investigated.

In most of the building codes, from general to the specific, there are chapters, clauses,
statements, and rules (see Figure 3.1). Building codes’ main headlines are chapters.
Chapters are the most general concepts in a building code. They frame and divide the
building code into main parts and refer to the subjects generally. These chapters
contain many clauses. Clauses are the parts of chapters which define specific subjects
in a general manner. Statements are the parts of clauses and they refer to the specific
conditions and situations in a specific subject defined by the clauses. Rules may refer
to the statements or they can be a part of the statements. The rules are the smallest
parts of building codes. The detailed definitions and examples about the structural

components of the building codes are explained in the following headlines.

CHAPTER
Y Y . J
Clanse 1 Clause 2
h i‘
| Statement 1 | | Ctatement 2 | |
Faule 1
Rule

Fule 2

Figure 3.1. Building Code Sections From General to Specific
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3.2.1. Chapters

Chapters constitute the main structure of building codes. They frame the main
concepts in a building code such as general principles, land related principles, building
related principles, projects, building permits, etc. They may contain different sets of
clauses. For instance, AMHZC Chapter 1l Land Related Principles cover clauses from
6 to 8 while AMHZC Chapter V Building Related Principles cover clauses from 23 to
53. Chapters in a building code determine the scope of the subject inside.

3.2.2. Clauses

Clauses constitute the main structure of chapters. They refer to the specific subjects in
a chapter. Also, they may belong to different related areas. For instance, AMHZC
Chapter V Building Related Principles Clause 9 includes the width of the building
information related to the building, while Clause 16 includes the levelling information

related to the parcellation.
3.2.3. Statements

Statements constitute the main structure of clauses. They refer to more specific
subjects in clauses. Statements in a building code are used to distinguish the clause
subject into related smaller pieces which helps organizing the building code for easier
understanding. For instance, in AMHZC Clause 32, statement 1 was used to refer to
the residential buildings, statement 2 was used to refer to the commercial buildings

and statement 3 was used to refer to the public buildings.
3.2.4. Rules

The rules are defined as the smallest parts of building codes. In other words, the rules
are the foundation of the building codes. They refer to single or multiple information
about a single specific subject. They may be a part of a statement or be the statement
itself. They are used for the code-checking processes in automated code-checking
systems. Different classes of rules and interpretability of rules are explained in the

following sections.
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3.3. Interpretability Conditions of Building Code Rules

Since the building codes are written in human language, the logic and connections
within the building codes may be complex and even impossible to interpret in
computer readable format. Some of the rules in a building code may be ambiguous
and even contradictory to another rule. Also, some rules may only be definitions of
terminology. Interpretability conditions check on the rules will improve the time
efficiency of the building code analysis since non-interpretable rules and definitions
will be excluded from the analysis. Therefore, the interpretability check of the building
code rules are required and helpful. In this section, the interpretability conditions of
building code rules will be explained. However, the interpretability conditions defined
here reflect the present situation of the related technologies. Further studies and
technologies may improve the interpretability conditions of the building code rules.
The interpretability of building code rules are divided into 3 general conditions which
are Interpretable, Semi-Interpretable, and Non-Interpretable rules. The definitions and

the examples of the rule conditions are explained below.
3.3.1. Interpretable Rules

Interpretable rules are the simple rules that represent straightforward interpretation to
computer format. These rules are unambiguous and most of the time modeled with a
single step. They contain precise concepts and can be directly interpreted to the
computer readable format. However, they can contain operators such as “if-then”, “or”
and “and”. Some examples of Interpretable Rules from the Ankara Municipality

Housing and Zoning Code can be found below:
“Control cabinets’ areas cannot exceed 9 m2.” (AMHZC, Clause 45-Statement 2)

“The stair steps’ height and width are found using 2h + b = 61 — 65 function. (h)
is the step height as cm and (b) is the step width as cm.” (AMHZC, Clause 25-
Statement 2)
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“Building entrance corridor width until it reaches main stairs and elevators is
minimum 2.20 meters for public buildings and minimum 1.50 meters for other
buildings.” (AMHZC, Clause 24- Statement 1)

3.3.2. Semi-Interpretable Rules

Semi-Interpretable rules contain ambiguous concepts that obstruct the interpretation
process. They require human clarification in order to convert them into Interpretable
rules. Most of the time they present fuzzy and subjective information that can be
differently interpreted by different experts and as a result of this difference the
application of the related rule may be subjected to change. Some examples of Semi-
Interpretable rules from the Ankara Municipality Housing and Zoning Code can be
found below:

“Toilets must have enough number of urinals and sinks.” (AMHZC, Clause

50- Statement 3)

“Doors cannot have sill. In compulsory situations that require construction of
door sills, the precautions must be taken to allow disable person movement,
fire exits and similar actions.” (AMHZC, Clause 42- Statement 2)

“Elevators must have unblocked access from the building entrance according

to the accessibility standards.” (AMHZC, Clause 26- Statement 10)

“Elevators must have necessary equipment according to the accessibility

standards.” (AMHZC, Clause 26- Statement 11)
3.3.3. Non-Interpretable Rules

Non-Interpretable rules are the rules that are not interpretable to computer format.
These rules depend on aesthetics, definitions of terminology, and evaluations of
authority. As a result, these rules are impossible to represent in computer readable
format due to their open-ended structures. Also, Non-Interpretable rules cannot have
any rule classification embedded to them. Some examples of Semi-Interpretable rules
from the Ankara Municipality Housing and Zoning Code can be found below:
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“The roofs must be similar to the characteristics of the neighboring streets and
designed according to the building to be constructed.” (AMHZC, Clause 34-
Statement 1)

“Related municipalities are authorized to determine the air conditioner locations
and closing the installation areas after the last story according to the building
architecture.” (AMHZC, Clause 35- Statement 2)

“Shunt chimneys: Main chimneys rising from ground floor to the roof and every
unit that are connected are called shunt chimney. Natural gas devices cannot

connect to this type of chimneys.” (AMHZC, Clause 40- Statement 2)
3.4. Classification of Building Code Rules

In this section, the building code rules are classified. The rule classification process is
based on the rule classification study of Solihin (2016). According to the Solihin’s
(2016) rule classification study, the rules are divided into four general classes which
are Class 1, Class 2, Class 3, and Class 4 rules. Class 1 rules are defined as rules that
require a single or small number of explicit data, Class 2 rules are defined as rules that
require simple derived data, Class 3 rules are defined as rules that require extended
data structure, and Class 4 rules are defined as rules that require a “proof of solution”.
However, this rule classification is inadequate for covering a building code
completely, as building codes complement each other. There are some rules
referencing different standards, codes, and regulations. By using this rule
classification, some of the rules in a building code are left uncovered since it is not
possible to ignore rules. Also, Class 4 rules defined in this study are limited to certain
building codes and may require additional building modeling during different stages
of construction. An example is the Occupational Safety and Health Administration’s
(OSHA) protection from falling in construction rules (OSHA, 2015) which requires
modeling of protective equipment during the construction of the project. However,

most of the building codes focus on checking as-built building models which do not
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allow adding new features to the existing building model. Therefore, Class 4 rules

have limited use in building codes.

In this thesis, a modified version of the rule classification of Solihin (2016) is used.
The modified version of rule classification consists of four general classes which are
Class 1, Class 2, Class 3, and Reference rules. By using the modified version, the rule
classification of Solihin (2016) is aimed to be improved to wholly analyze building
codes. The modified version of rule classification takes out Class 4 rules and adds
Reference rules to the rule classification process. As a result, the modified version of
the rule classification will be able to cover a building code completely. The definitions

and the examples of the rule classes are explained below.
3.4.1. Class 1 Rules

Class 1 rules are the most basic rules that are classified. This type of rules mostly
require explicit attributes and entity references that can be found inside the BIM
model. The information of Class 1 rules is explicitly available from the building model
entities or properties of the building model components. Some examples of Class 1

rules from the Ankara Municipality Housing and Zoning Code can be found below:

“According to the implementary development plan, buildings with 3 stories shall
leave space for the elevators and buildings with 4 or more stories shall utilize
elevators.” (AMHZC, Clause 26-Statement 1)

“Door heights cannot be shorter than 2.10 meters.” (AMHZC, Clause 42-

Statement 1.a)

“On road fronts, consoles cannot be wider than 1.5 meters” (AMHZC, Clause 35-

Statement 1.a.1)
“Slope of the roofs cannot exceed 40 %.” (AMHZC, Clause 34- Statement 1.a)

“Effective chimney height is minimum 4 meters” (AMHZC, Clause 40- Statement
3.0)
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3.4.2. Class 2 Rules

Class 2 rules cover the basic data or small set of derived values from the building
model attributes or properties. This type of rules require simple derivations which does
not generate new data from the building model. In other words, Class 2 rules operates
between different properties or attributes to reach the required state. The information
of Class 2 rules are not explicitly presented by BIM tools but implicitly gathered from
the building model data and relationships. Some examples of Class 2 rules from the
Ankara Municipality Housing and Zoning Code can be found below:

“According to the given story number, eave elevation (H= building height, n=

number of stories except ground floor)

a. On the regional floor defined area residential and commercial parcels;
H=3.50 + n x 3.00
b. Other floor defined residential parcels H=5.00 + n x 3.60
c. Other floor defined non-residential parcels H=5.50 + n x 4.00
can be calculated according to the given formulas.” (AMHZC, Clause 11-

Statement 1.a-b-c)

“The stair steps’ height and width are found using 2h + b = 61 — 65 function. (h)
is the step height as cm and (b) is the step width as cm.” (AMHZC, Clause 25-

Statement 2.a)
3.4.3. Class 3 Rules

Class 3 rules are the most complex rules that are classified in this thesis. This class of
rules require an extension to the building model data for providing improved
conditions. Class 3 rules may use more than one data structure strategies. Also, they
may involve complex geometric, topological and different algorithms. To solve Class
3 rules, extensive software tools are generally used. Some examples of Class 3 rules

from the Ankara Municipality Housing and Zoning Code can be found below:
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“Parcels which do not have proper geometric shape will be converted to the basic
and proper shape by using area balancing, then after this process the depth of this
shape will be accepted as the parcel’s average depth.” (AMHZC, Clause 10-
Statement 1.a.2)

“In case of Rooms’/Sections’ areas are not geometrically arranged, a square must
be able to be fitted according to the given minimum side length in this clause’s

statement 1.a.” (AMHZC, Clause 32- Statement 1.c)
3.4.4. Reference Rules

As mentioned before, the building codes complement each other. Therefore, building
codes often reference to other codes. Reference Rules are used to cover the references
given in the building codes. Reference Rules are not the focus of this thesis and they
will not be further investigated. Reason behind this is that most of the time reference
rules completely cover the building codes that it refers. Some examples of Reference
Rules from the Ankara Municipality Housing and Zoning Code can be found below:

“At buildings and their entrances, the access of disabled persons must be

configured according to the TSE standards.” (Clause 24- Statement 7)

“At public buildings, all structure, facility and public area arrangements are done
for the access and usage of disabled persons according to the TSE standards.”

(Clause 32- Statement 3.a)

“Garbage shutes’ design and arrangement are done according to the TS 2166.”

(Clause 38- Statement 2)
3.5. Building Code Representation Methodology Framework

Representation of the building codes are not a straightforward process due to the
complex nature of building codes. To accomplish this task, there are several steps that
must be taken in order to represent a well-defined process. Each step defined below

explains the pathway to the desired milestone in the framework.
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e Determination of scope: Definition of what to be represented from a building
code.

e Building Code Analysis: Extraction of related clauses, statement,s and rules
according to the scope of the automated code-checking.

o Interpretability of rules: Determination of interpretability conditions of rules
obtained through the building code analysis step.

o Classification of rules: Determination of rule classes of the Interpretable and
Semi-Interpretable rules.

e Determination of necessary variables according to the results: Determination
of the building model LOD and decision of which automated code-checking
system to use according to the results from previous steps.

In the next sections, the components of this framework will be explained in detail.
Figure 3.2 illustrates the process of the proposed building code representation

methodology framework.
3.5.1. Determination of Scope

The first step of the building code representation methodology is the determination of
scope. As mentioned before, building codes are written by humans considering human
interpretation capabilities and they contain complex sets of information. They also
consist of different types of information which may be out of scope for the automated
code-checking process. For instance, clauses in a building code may contain
information about the building, construction issues, land adjustment as well as general
issues, terminology, definitions, scope, aim, legal basis, permit issues. Therefore, the
building code must be separated from out of scope information and rules. By applying
this step, the building code will be reduced to the relevant information about the
automated code-checking focus. The information gathered from this step will be then
used in the automated code-checking process. After applying this step to a building
code, the information is reduced to the relevant chapters and clauses within the

determined scope.
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3.5.2. Building Code Analysis

The second step of the building code representation methodology is the analysis of the
building code. In this step, the building code is decomposed from chapters to rules as
explained in Section 3.2. All of the rules related to the automated code-checking are
listed under their clauses and statements, since automated code-checking systems and
platforms apply rules to the building models. By applying this step, the building code’s
structure is extracted. From the step 1, the related chapters and clauses are determined.
Then, in this step, the clauses are analyzed and separated into statements and rules.
Therefore, the output of this step will be the list of relevant clauses, statements, and

rules for the automated code-checking process.
3.5.3. Interpretability of Rules

The third step of the building code representation methodology is the definition
interpretability conditions of the building code rules. In this step, every rule inside the
scope of the automated code-checking are evaluated as interpretable to computer
readable format or not. The reason for this step is that building codes consists of rules
which may be interpretable, be ambiguous, be contradictory to the other rules, be
impossible for modeling or just explain some terminology that does not require any
checks in the model. Therefore, this step helps understanding how much of the
building code can be represented within the automated code-checking systems or
platforms. By applying this step, every rule’s interpretability to computer readable
format is decided. The decision process of the interpretability conditions of the rules
are given in Section 3.3. The output of this step will be the list of rules with defined

interpretability conditions.
3.5.4. Classification of Rules

The third step of the building code representation methodology is the classification of
the building code rules. In this step, Interpretable and Semi-Interpretable rules are
classified into different classes according to their complexity and requirements. The

building codes are complex documents which includes different rules with different
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requirements. Rules may require simple values such as height, width, area, etc.,
derived values from the properties and values of the building model or even an
external functions in order to interpret them in the computer readable format. The
classification of rules section is especially important for developing an understanding
of the rule structure of the building code. By applying this step, the rules are classified
according to the predefined constraints. The classification process is explained in
Section 3.4. The output of this step will be the list of classified rules which can be

represented in computer readable format.
3.5.5. Determination of Necessary Variables According to the Results

The last step of the building code representation methodology is the determination of
necessary variables and decisions needed for automated code-checking systems and
platforms. In this step, the results from the previous steps are gathered into a summary
table. In this table, classifications such as Class 1, Class 2, Class 3 and Reference rules
and their interpretability conditions such as Interpretable, Semi-Interpretable and Non-
Interpretable rules are summed into a cross table where classification is listed on the
columns and interpretability is shown on the rows. After that, the percentage of related
rules to the total number of rules are written into the corresponding cell. By
constructing this table, the rule structure of the building code can be examined such
that how many rules present in the building code, how many of the rules are
interpretable to computer readable format, how many rules are of Class 1, etc. By
using this information, it is possible to predict the required automated code-checking
system or platform to be used for the automated code-checking according to the
percentages from different cells in the table. In Table 3.1, the automated code-
checking systems and platforms that were explained in Chapter 2 of this thesis are
listed according to their possible usage for different rule classes. Although different
automated code-checking systems and platforms presented are in Table 3.1, it is
possible to develop new automated code-checking systems and platforms for the

needs. Therefore, the table illustrated here acts merely as a suggestion for representing
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different classes of rules in a building code according to present research work and

with commercialy available applications.

Using the results from the summary table, it is possible to develop an understanding
of Level of Development (LOD) requirement of the building model for enabling code
check. In the literature, LOD 300 or LOD 350 is considered generally sufficient for
building model to be used for automated code-checking (Solihin and Eastman, 2015).
However, lesser or greater LODs can be required for checking different building
codes. Although there is not a direct link between the classifications of rules
represented here with the LODs, still it can be inferred that basic rules such as Class
1 rules are most likely to be modeled with lower LODs than LOD 350. For example,
a building code composed of 80% of rules as Class 1, is expected to be modeled with
lower LODs than LOD 350 since Class 1 rules require simple explicit attributes and
entity references that can be found inside the BIM model unlike other rule classes. As
aresult, utilizing lower LODs on specific building model objects will reduce the object
detail for modeling the building compared to using LOD 350, when only code
checking requirements are considered.. Therefore, by utilizing lower LODs for
specific building model objects, the time spent for modelling the building may also be
reduced. However, the LOD suggestion according to the classes is an inference from
the classification requirements from Section 3.4. As stated in Section 3.4, from Class
1 to Class 3 rules, the complexity of the rule structure increases and therefore, the
increase in the LOD requirement is naturally expected.
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Table 3.1. List of Research Work and Commercial Applications Used for Different Classes of Rules
(Modified from Solihin, 2016)

Class 1 Class 2 Class 3
Checks based on explicit ~ Checks based on simple Checks based on
data derived attribute values extended data structure

General Services

Solibri Model Checker Solibri Model Checker o .
Administration

FORNAX FORNAX FORNAX

CORENET System CORENET System CORENET System

General Services General Services
Administration Administration

LicA System LicA System

Australia's DesignCheck
System

Norwagian Stattsbygg
System

SMARTCodes

International Code
Council

JOTNE EDModel
Checker
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CHAPTER 4

BUILDING CODE REPRESENTATION CASE STUDY

4.1. Introduction

In this chapter, Ankara Municipality Housing and Zoning Code (AMHZC) is
represented according to the methodology defined in Chapter 3. The reason for
choosing AMHZC is that Ankara is the capital city of Turkey and it is also the second
most populated city in Turkey with 5.270.000 inhabitants in 2015, according to data
of the Governorship of Ankara (“Niifiis ve Idari Durum,” n.d.). Therefore, it will be
true to say AMHZC is one of the major building codes applied in Turkey since there

is continuous need of construction in this big city.

The representation of AMHZC follows the sections of the methodology defined in
Chapter 3. The application steps in this chapter are explained in detail and results are

illustrated in the corresonding steps below according to the defined framework.
4.2. Determination of Scope

The proposed building code representation method is applicable to most of the
building codes and rules. However, a complex building code is needed to represent
every concept explained in the previous chapter. Therefore, AMHZC has been chosen
to be represented. In Turkey, each building project is checked against the related
housing and zoning code of the area. The Municipalities define housing and zoning
codes according to the standards of different Ministries. Therefore, it can be said that
housing and zoning codes contain information from different standards, codes,
regulations, and specifications from different building codes, regulations and

standards.
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In this step, the main structure of Ankara Municipality Housing and Zoning Code
(AMHZC) is analyzed. AMHZC is divided into nine parts which are illustrated in
Table 4.1. The chapters of AMHZC are divided according to their different uses and

definitions.
Table 4.1 Main Structure of AMHZC
Chapter Chapter Definition Clauses
I Purpose, Scope, Reference and Definitions 1-4
I General Principles 5
i Land Related Principles 6-8
v Settlement Related Principles 9-23
\ Building Related Principles 23-53
Vi Projects and Building Permits 54-66
VIl Audit Related Principles 67-68
VI Principles Related to Application of Regulation 69
IX Various Principles, Last Principles and Entry into 70-71
Force

For the purpose of automated code-checking process, the unrelated chapters must be
excluded from the representation. In this study, only Chapter IV settlement related
principles and Chapter V building related principles of the AMHZC are related to the
building specifications. Other chapters are used to define purpose, scope, reference,
definitions, different principles and permits which are out of the scope of this study as
these cannot be checked from a building model. Therefore, in the next stages of this
building code representation, Chapter IV and Chapter V of the AMHZC will be further

analyzed in detail.
4.3. Building Code Analysis

In Chapter IV and Chapter V of AMHZC, there are clauses related to different areas

such as building, parcellation, building adjustment, installation, etc. In this section,
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the clauses of Chapter IV and Chapter V of AMHZC that are related to the buildings

are extracted since only building related clauses are subject of this thesis. Therefore,

among these chapters, 27 clauses are found relevant to buildings. The clauses found
in Chapter IV and Chapter V of AMHZC are listed below in Table 4.2.

Table 4.2. Clauses of Chapter IV and Chapter V of AMHZC

Clause Clause Headline Related Area

9  Building Road Fagade Lengths Building

10  Depth of Buildings Building

11  Maximum Height of Buildings Building

12 Construction of Different Height Buildings Building

13 Multiple Construction in a Parcel Parcellation

14 Road Profiles and Height Principles Parcellation

15  Entrance Heights of the Buildings Building

16  Levelling Land Readjustment
17 Measures Required for Public Welfare Parcellation

18  Municipality Owned Parcel Applications Parcellation

19  Construction According to the Parcellation Parcellation

20  Building Base Area Building Adjustment
21  Building Total Interior Area Building Adjustment
22 Exceptions of Building Total Interior Area Building Adjustment
23 Municipality Authority on Building Aesthetics Authority Principles
24  Building Entries and Pedestrian Ramps Building

25  Stairs Building

26  Elevators Building

27  Basements Building

28  Ground Floors Building

29  Some Subjects About Building Basements and Building

30 Mezzanine Floors Building

31  Construction of Indoor Parking on the Front Yard Building

of Ground Level Elevated Parcels
32  Required Rooms/Sections in Buildings and Their Building

Minimum Dimensions
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Table 4.2. (cont’d)

33 Floor Heights Building
34 Roofs Building
35  Cantilevers Building
36  Eaves Building
37  Sun Shadings, Vent Stacks and Air Shafts Building
38  Garbage Chute Building
39  Areaways Building
40  Smoke Chimneys Building
41  Railings and Parapets Building
42  Doors and Windows Building
43  Garden Walls Building
44 Porter Suite and Watchmen Room Building
45  Control Sheds Building
46  Other Additions and Common Areas Installation
47  Gas Service Stations Special Types
48  Bread, Cake and Pita Bakeries Special Types
49  Passages and Shopping Stores Special Types
50  Public Restrooms Special Types
51  Tea Houses Special Types
52  Parking Lots Special Types
53  Lightning Rods, Warning Lights and Antennas Installation

As a result of the building code analysis, 305 rules are found from these 27 clauses
that are related to the buildings. The analysis of all 27 clauses are given in Appendix
A in detail. An example of the analysis of this section is given in Table 4.3. The
example clause illustrated in Table 4.3 is about the stairs. This example clause contains
18 rules. However, as explained in Section 3.2 the rules may be a part of the statements
or the whole statements. In the example below, statements 6, 7, and 8 each contain
only 1 rule and therefore the statements act as rules. After this section, the
interpretability conditions of these rules will be analyzed.

66



Table 4.3. Textual Expression of the Clause 25 from the AMHZC

ID Textual Expression of Rule Type

Clause 25- Stairs

1 Minimum stair treads widths are;

Internal stair tread width cannot be lesser than 1 meter for single

la independent sectioned residental buildings AULE
Common stair tread width cannot be lesser than 1.20 meters for

1b ) . . L Rule
more than one indenpendent sectioned residental buildings

1.c Stair tread width cannot be lesser than 1.50 meters for non- Rule

residental buildings
2  The stair step's heights and widths are;

The stair step's height and width; are found using 2h + b = 61 - 65
2.a function. (h) is the step height as cm and (b) is the step width as Rule
cm.

The stair step's height, cannot be higher than 0.16 meters for
2.b  buildings without elevators, 0.175 meters for building with Rule
elevators, 0.15 meters for exterior stairs.

The stair step's width cannot be lesser than 0.28 meters for
2.c  residental buildings, 0.30 meters for buildings other than Rule
residental and 0.35 meters for exterior stairs.

The stair step's width cannot be lesser than 0.10 meters 0.15
2.¢  meters from the the narrowest edge, 0.28 meters at the step midst Rule
for spiral staircases.

3 Stair arm, floor and intermediate stairheads and their dimensions;

In case of risers are more than 17 in a stair, it is compulsory to
3.a ) ) . Rule
construct an intermediate stairhead between floors.

Intermediate and floor stairheads' width cannot be lesser than stair

width for double-return stairs. Rule

3.b
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Table 4.3. (cont’d)

The intermediate stairheads dimension at stairs and spiral
staircases, is found using (n x 63 + b) function. For instance;
1x63+29=92cm

2X63+29=155cm

3.c Rule

4 For, cases of usage change or public-private buildings stairs are;

In case of changing the usage of existing buildings to the public
4.a  buildings, existing stair dimensions must satisfy the new building's Rule
stair dimension requirements.

At public-private buildings, for every usage, seperate stair

i enclosure must be arranged. Al
5  About service stairs and their dimensions;
Even if it is not inhabited, roof and basement stairs shall comply
5.a : D . . . Rule
with the minimum dimension of stairs.
Basement public areas shall be connected with the main stairs for
5b . Rule
all buildings.
5c For single sectioned buildings, in case of basements are not Rule
‘ inhabited, they can be accessed through outside.
5 Regulation on Fire Protection statements effective for fire Rule
measures and escape stairs.
Independent section stairs serving more than one story with public
7 access for non-residental buildings also must comply with this Rule
statement.
On each side of the stairs, gunwale and railings must be
8 constructed according to the related TSE standards for disable and Rule

also tread, floor and intermediate stairheads' coverings shall
comply with the standards.

4.4. Interpretability of Rules

As stated before Ankara Municipality Housing and Zoning Code (AMHZC) has a

complex structure which contains different rules with different properties. These rules
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can be interpretable, or contain subjective information, only define terminology, or
even contain contradictory information which make them impossible to interpret in
computer readable format. The interpretability conditions of rules are explained in
Section 3.3. After applying the interpretability conditions to the selected 305 rules,
185 of the rules are found Interpretable, 74 of the rules are found Semi-Interpretable,
and 29 of the rules are found Non-Interpretable. In other words, 61% of the rules are
Interpretable, 24% of the rules are Semi-Interpretable and 10% of the rules are Non-
Interpretable out of the total 305 rules defined. As can be seen from the sum of the
interpretability condition rule results, rules that contain interpretability conditions are
less than the total number of rules. The reason for this is that some of the rules from
the AMHZC are excluded from the interpretability condition check since they refer to
the other standards, specifications, etc. The interpretability results of Clause 40 -
smoke chimneys are given in Table 4.4 as example for the interpretability conditions
check.

Table 4.4. Interpretability of Conditions of AMHZC Clause 40 — Smoke Chimneys

Rule Properties

Clause  Statement Rule
Interpretability
C40 ST1 R40.1
R40.1.a Interpretable
R40.1.a.1 Interpretable
R40.1.a.2 Interpretable
R40.1.b Interpretable
R40.1.c Interpretable
ST2 R40.2
R40.2.a Non-Interpretable
R40.2.b Non-Interpretable
R40.2.c Non-Interpretable
R40.2.¢ Interpretable
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Table 4.4. (cont’d)

R40.2.d Interpretable
R40.2.e Semi-Interpretable
R40.2.f Non-Interpretable
R40.2.9 Semi-Interpretable
R40.2.g Interpretable
R40.2.h

R40.2.1 Semi-Interpretable
R40.2.i Interpretable
R40.2. Interpretable

ST3 R40.3

R40.3.a Non-Interpretable
R40.3.b Interpretable
R40.3.c Interpretable
R40.3.¢ Interpretable
R40.3.d Interpretable
R40.3.e Semi-Interpretable
R40.3.f Interpretable
R40.3.9 Interpretable
R40.3.g Interpretable
R40.3.h Semi-Interpretable
R40.3.1 Semi-Interpretable
R40.3.i Semi-Interpretable
R40.3.j Interpretable

As can be seen in Table 4.4, R40.2.h has been intentionally left blank because it does
not meet the interpretability conditions. Reason behind this is that the related rule is
out of the scope of this study since it refers to the different regulations, specifications,
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building codes and laws. However, it is not possible to label this rule with
interpretability conditions because it may or may not be interpretable. Therefore, this
rule will be explained and labeled in the classification of rules section. The rule is

illustrated below:

“For dimensioning, design and construction of chimneys, TSE standards,
5/12/2008 dated and published in the 27075 numbered Official Gazette of
Turkey Energy Performance Regulation for Buildings, Turkey’s Regulation on
Fire Protection, 18/9/2002 dated and published in the 24880 numbered Official
Gazette of Turkey Natural Gas Market Interior Installation Regulation and
related public institutions’ specification statements must be followed.”

(AMHZC, Clause 40- Statement 2.h)
4.5. Classification of Rules

The AMHZC rules are divided into classes as Class 1, Class 2, Class 3 and Reference
rules. The classification process of the rules are explained in Section 3.5. After
classifying the 305 rules that are defined in the Section 4.3, 184 of the rules are found
as Class 1, 70 of the rules are found as Class 2, 5 of the rules are found as Class 3 and
17 of the rules are found as Reference rules. In other words, 60% of the rules are Class
1, 23% of the rules are Class 2, 2% of the rules are Class 3 and 6% of the rules are
Reference rules out of the total 305 rules defined. The number and percentage of the
Class 3 rules are less than other rule classes since they require more complex checks
and explicit tools and applications which are difficult to interpret in computer readable
format that require unique properties on rules. Moreover, fewer Class 3 rules makes it
easier to represent building code in computer format. As can be seen from the
classification of rules results, the classified rules are less than the total number of rules.
The reason for this is that some of the rules from the AMHZC are excluded from the
classification process since they are Non-Interpretable rules. Non-Interpretable rules
cannot be represented in computer readable format and therefore they are not suitable

for classification. The classification of Clause 32 - required rooms/sections in
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buildings and their minimum dimensions is given in Table 4.5 as an example of the

classification.

Table 4.5. Classification of Clause 32 Required Rooms/Sections in Buildings and Their Minimum

Dimensions

Rule Properties

Clause Statement Rule

Rule Class Interpretability
C32 ST1 R32.1 Class 1 Interpretable

R32.1.a Class 2 Interpretable

R32.1.b Class 1 Interpretable

R32.1.c Class 3 Interpretable
ST2 R32.2

R32.2a Class 1 Interpretable

R32.2b Class 2 Interpretable

R32.2c Class 1 Interpretable

R32.2¢ Class 1 Semi-Interpretable
ST3 R32.3

R32.3a Reference

R32.3b Class 1 Interpretable

R32.3c Class 2 Semi-Interpretable

R32.3¢ Class 2 Semi-Interpretable

The classification of rules and interpretability conditions of 305 rule that are found in
the AMHZC are provided in Appendix B.
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4.6. Determination of Necessary Variables According to the Results

In this section, the data from the previous sections are gathered to create a summary
table to see the complete structure of the Ankara Municipality Housing and Zoning
Code (AMHZC). Also, since it is a cross table it is possible to see classification and
interpretability of rules altogether. In this table, Class 1- Interpretable rules are 40%,
Class 2-Interpretable rules are 20 %, Class 3- Interpretable rules are 1%, Class 1-
Semi-Interpretable rules are 21%, Class 2- Semi-Interpretable rules are 3%, Class 3-
Semi-Interpretable rules are 1%, Reference rules are 6% and Non-Interpretable rules
are 10% of the total rules. Also in brackets, the number of rules for each cell are
illustrated. Total number of rules can be found in two ways which are the sum of the
Class 1, Class 2, Class 3, Reference and Non-Interpretable rules or the sum of the
Interpretable, Semi-Interpretable, Non-Interpretable and Reference rules. The reason
for this is that the Non-Interpretable rules do not have classifications and Reference

rules do not have interpretability conditions.

Table 4.6. Summary Table of the AMHZC Rules

Interpretable Semi-Interpretable Non-Interpretable Total #

Class 1 40% (121) 21% (63) 60% (184)
Class 2 20% (62) 3% (8) 23% (70)
Class 3 1% (3) 1% (2) 2% (5)

Reference 6% (17)
Total #  61% (201) 24% (74) 10% (29)

As stated in Section 3.5.5, the summary table can be used to define necessary variables
for the automated code-checking systems and tools. In Table 4.6, Class 1 rules
constitutes 60% of the total rules in the AMHZC while Class 2 rules are 23% and

Class 3 rules are 2%. An automated code-checking system or tool can be chosen to
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fulfill the requirements of this building code. As can be seen from Table 3.1 in Section
3.5.5, there are different automated code-checking systems and tools that are able to
check Class 1 and Class 2 rules. However, scope of the automated code-checking
systems and tools shall be taken into consideration before utilizing them. Because
scope of the automated code-checking system or tool may not be related to the
building code at hand.

Also, the Level of Development (LOD) decision can be made according to the
classification of rules since rules are classified from simple to complex. As can be
seen from Table 4.6, Class 1 rules constitutes 60% of the total rules in the AMHZC.
Therefore, it can be said and suggested that the simple rules are easier to be modeled
with lower LOD:s.

In the next chapter, implementation of the AMHZC rules within an automated code-
checking platform will be explained, discussed and verified with the use of the

proposed building code implementation framework.
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CHAPTER 5

BUILDING CODE IMPLEMENTATION CASE STUDY

5.1. Introduction

In this chapter, the rules of Ankara Municipality Housing and Zoning Code (AMHZC)
are represented in an automated code-checking system by using the developed
building code representation methodology. However, in the AMHZC, the Semi-
Interpretable rules contain ambiguous concepts that impede the interpretation process.
Moreover, Semi-Interpretable rules require human clarification because they contain
fuzzy and subjective information that lead to different interpretation by different
experts. Therefore, it is not possible to represent Semi-Interpretable rules in computer
readable format without an initial study to develop a proof of concept system that
encapsulates expert knowledge. Also, Non-Interpretable rules cannot be represented
in the computer readable format and they will be excluded from the automated code-
checking. Lastly, Reference rules’ interpretability conditions are unknown and the
referred regulations, specifications, laws and codes must be examined in detail in order
to represent them in computer readable format. In this study, Semi-Interpretable, Non-
Interpretable and Reference rules will not be represented in the code-checking tool
since the requirements of these rules are beyond the scope of this study. In this thesis,

only Interpretable rules will be covered and investigated thoroughly.

Solibri Model Checker (SMC) will be used as the automated code-checking tool for
variety of reasons. Firstly, most of the automated code-checking systems and tools are
using black box methods. They do not share information about their systems and tools
with the public. On the other hand, SMC allows users to create their own rules
according to the predefined rulesets. Secondly, SMC is a commercial application used

widely around the world. Also, IFC data model can be imported and the tool offers
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variety of interoperability options between different applications and software.
Therefore, conducting this study on SMC allows an easier BIM-based application than
some other automated code-checking systems and tools. Lastly, SMC has a user-
friendly interface which can be used and understood without any expert knowledge.
Most of the automated code-checking systems and tools require expertise about
different programming languages such as C, C++, java, EXPRESS, etc. However,
representing rules in computer readable format using SMC does not require special
expertise in coding knowledge domains. Moreover, SMC uses parametric tables to
represent rules which eases the process of transferring rules into the tool. For this
reasons, SMC has been chosen as the environment to conduct automated code-
checking in this study.

In the next section, building code implementation framework will be defined,

explained and illustrated.
5.2. Building Code Implementation Framework

In this section, building code implementation will be discussed in detail. In the
previous section, it is explained why Solibri Model Checker (SMC) was chosen to
implement Ankara Municipality Housing and Zoning Code (AMHZC) rules and to
conduct automated rule-checking. Therefore, building code implementation
framework is prepared according to the checking process of SMC. In Figure 5.1, the
building code implementation framework is illustrated. For different automated code-
checking systems and tools, different frameworks can be formed. In other words, this
framework is prepared solely for SMC.

In this framework, the processes and data outside the dotted line are already explained
in previous sections. Within the dotted line, the processes that are performed using the
SMC is defined. The inputs to the SMC are the list of relevant rules to the automated
code-checking and BIM. The list of relevant rules are the rules defined in Section 5.1
which are the Interpretable rules from the AMHZC. The BIM in the framework is the
model of the building that will be checked.
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Figure 5.1. Building Code Implementation Framework

In the representation of rules in computer readable format process, firstly the related
rules will be arranged using the SMC Ruleset Manager. Ruleset Manager in SMC
offers different sets of rules in different domains such as architectural, structural, MEP
rulesets. These rulesets contain different rules to check various properties of the
building model components. These rules can be modified to reach the desired rule
requirements and parameters. The product of this process is the digitalized rules in the
computer readable format. Secondly, the model formed using the BIM tools such as
Autodesk Revit, Archicad, Tekla, etc., is exported into IFC data model and uploaded
to the SMC. As a result, the model components’ properties can be viewed in SMC.
The outcome of this process is the BIM objects. Another feature of the building code
implementation framework is the SMC Code-Checker. SMC has a built-in code-
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checking feature. In this study, it has been named as “SMC Code-Checker” and from
now on will be used to refer to SMC’s built-in code-checking feature. To use SMC
Code-Checker, BIM objects and digitalized rules are needed. It has the ability to check
the building model according to the defined rulesets. To be able to perform this check,
building model shall be designed parallel to the needs of defined rulesets. Also, SMC
Code-Checker can be used to visualize the problems and errors of building design
components. In short, issues can be individually examined. For reporting results,
SMC also offers a built-in reporting feature which can be used to export results in .xIs,
.pdf, etc. formats. In the next sections, representation of rules in computer readable
format, SMC Code-Checker, and reporting of results will be explained in detail.

5.2.1. Representation of Rules in Computer Readable Format

To represent written rules in computer readable format, SMC Ruleset Manager is used.
SMC Ruleset Manager is a built-in application of SMC which allows creating rules
according to the given rulesets. There are different rulesets provided in SMC to create
and manage the rules such as architectural, structural, MEP rulesets. These rulesets
contain sub-rulesets for specific checks (Figure 5.2). For instance, architectural ruleset
contains 12 sub rulesets for different rules such as advanced space check, BIM
validation — architectural, pre-check for energy analysis, building efficiency, etc. SMC
rules are coded in parametric tables (Eastman et al., 2009). Therefore, SMC does not

require any expert knowledge for creating and modifying rules.

SMC Ruleset Manager has a user-friendly Ul that allows views to be modified and
contains all the necessary tabs for creating, modifying, and managing rules. Views of
the Ul can be modified by using the Views tab on top right. Also, it allows searching
rules and rulesets at the top right of the Ul. In the Workspace tab, it is possible to
create user-defined rules and rulesets for the desired use. In the Info tab, written
information related to the rules are illustrated. Moreover, Libraries tab is where the

simple common rules are presented.
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In the Parameters tab, rule structures are defined and modified. Most of the rules’
parameters consists of components to check, requirements, and categorization of
results sub-tabs (Figure 5.3). Components to check tab is used to define which
components are included, excluded and ignored for checking the related rule.
Requirements tab is used to define specific requirements of the components to pass
rule by defining state, component, property, operator, and value similar to the
components to check tab. Lastly, categorization of results tab is used for categorizing

issues’ properties.

83 PARAMETERS \ Severity Parameters [
Components to Check S e e
State Component Property Operator Value
Include [1 Door Type Contains Door
Requirements N il B B |
State Component Property Operator Value
Include [1 Door Height = 210m

Categorization of Results

Property

Figure 5.3. SMC Rule Parameters of AMHZC Clause 42 — Statement 1.a
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In Figure 5.3, rule parameters of the door heights are illustrated. In AMHZC R42.1.3,
it was stated that the door heights cannot be shorter than 2.10 meters. Therefore, to
configure this rule, first the doors of the building must be defined in a precise manner.
In this case, all of the door objects containing “door” statement in their type which
covers all the doors in the building is used. After defining which component to check,
the requirements are determined. For this case, the height of the door objects must be

equal or higher than 2.10 meters.
5.2.2. SMC Code-Checker

SMC Code-Checker is the built-in code-checking application of SMC. To process rule
checking, SMC Code-Checker requires a building model and a set of rules defined in
SMC. To import a building model into SMC, it must be in defined formats such as
Jifc, .pdf, .dwg, etc. After importing the building model into SMC, the building
model’s each component can be visualized in Model layout’s Model Tree tab. SMC’s
default layouts are Model, Checking, Communication, and Information Takeoff
(Figure 5.4). However, the new layouts according to the different needs can be created

by using the plus button next to the default layouts.

To add a ruleset to the SMC, Checking tab inside the Checking layout can be used. As
stated before, there are predefined rulesets and rules that can be used to check a
building according to predefined parameters. Also rules can be configured using the
SMC Ruleset Manager according to the desired requirements. After adding rulesets
and rules to the SMC Code-Checker, code-checking is simply done by clicking the
“Check Model” button on the Checking tab (Figure 5.4). Then, SMC Code-Checker
illustrates the issues found in the model in the Results and Result Summary tabs. By
using the Results tab, it is possible to view each issue visually in tree view. Results
tab also illustrates the issues with different notices. Moreover, SMC has the capability
of classifying issues according to their severity such as critical, moderate, and low
severities with the red, orange, and yellow triangles. The severity conditions can be

changed from the rule parameters. Lastly, the parameters of a rule can be modified
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from the Parameters tab in Checking layout although adding new rules to the rulesets

can only be done through SMC Ruleset Manager.

» OPny QoY BB 0 Y QY QAAAARY 9 B
@) CHECKING B do e @ @ CheckModel ¥ B Report ] @ 3D B o Resuts
Ruleset - Checked Model R HANAN X v No Filtering ¥ “@

g
> {&] AMHZC Please select a checked rule with resufts.

@ INFO < vr>viu@eeed 2 RESULT SUMMARY @ B Report B

@ (TP) SFAZ Single Residental 4

Classification pe Pset_BuildingCommor
Identification Location Quantities Relations

Property Value

Model (TP) Thesis_Project

Discipline Architectural

Na SFAZ Single Residental 4

Description

Fire Rating

Application Autodesk Revit 2019 (ENU)

GUID 2hEtqtBz2ER7AxSKHMcA3

Model Categories 3
Drag with mouse left button down to pan. Role: Architectural Checking  Selected: 0

Figure 5.4. SMC Code-Checker Ul

5.2.3. Reporting of Results

In this section, reporting of code-checking results of SMC will be explained and
discussed. By using SMC’s default reporting feature, issues found in the building
model can be reported in various formats. Firstly, from the Results Summary tab, the
issues found in the building model can be reported in .xlIs format as a list without
visualization. Secondly, the issues found in the building model can be illustrated with
slides which contains the visualization of the issue. Adding slides to an issue, captures
the current view of the 3D model and embeds it to the issue. Therefore, for the practical
uses, the 3D view of the building model should be adjusted properly to examine the
issue. After adding slides to the issues, they are used in presentations using
Presentation tab in Communication layout to give visual information about the issue.
The presentations can be reported in different formats such as .xls, .pdf, .bcf and .rtf
(Figure 5.5). It is possible to add more views to an issue by using the Issue Details tab.

Therefore, the issue can be viewed from different perspectives. Also, different slides
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can be added to a single issue. By adding more views to an issue, it is aimed to improve
the issue details. Also, the slide of the issue can be updated with different 3D views

using the Issue Details tab.

Create Report X

Report Title |Presentation|

Content Report Type Options
(@ Report All BCF Report Ovio Owo Owva2i Page Setup...
Report Only Marked (0) General Report @® PDF ORTF Image Quality High v

Coordination Report O Excel
Template

CoordinationReportTemplatex|s

Save Report... Cancel

Figure 5.5. SMC Reporting Options

5.3. Implementation of Framework through a Case Study

In this section, the selected relevant rules from Section 5.1 of Ankara Municipality
Housing and Zoning Code (AMHZC) are implemented as a case study through the
building code implementation framework. To accomplish this task, first, the relevant
rules from AMHZC are represented in computer readable format using SMC Ruleset

Manager.

As stated in Section 4.4, AMHZC has 185 Interpretable rules with different
classifications. Since each rule contains different parameters, components and
requirements to check, different type of rule parameter tabs from SMC Ruleset
Manager are used in order to represent them in the tool. For this purpose, SMC Ruleset
Manager parameter tabs are divided into different types.

Type 1 parameter tab is used to check defined components’ property requirements. In
Figure 5.6, the parameter tab of the AMHZC R42.1.c which is used to limit the

independent section’s entrance door’s width is illustrated. By using this type of
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parameter tab, it is only possible to do simple checks such as the quantity,
identification, location, classification, property set, and relation checks according to
their defined properties and values. Therefore, most of the rules are represented in

computer readable format using this type of parameter tab.

#83 PARAMETERS X
\ Severity Parameters [

Components to Check S22y 88 @

State Component Property Operator Value

Include [ Door Type Matches Entrance_Door

Requirements S22 oy a8 s

State Component Property Operator Value

Include [1 Door Width = 1.00 m

Categorization of Results S alloA v

Property

Figure 5.6. AMHZC R42.1.c SMC Ruleset Manager Parameter Tab

Type 2 parameter tab is used for distance calculation between defined components.
By using this parameter tab, it is possible to define maximum or minimum distance
between defined components. Distance check contains features such as shortest
distance, horizontally alongside, directly below/above, etc (Figure 5.7). In Figure 5.7,
parameter tab of the AMHZC R42.1.¢ which requires revolving doors must be

alongside the main entrance doors is illustrated.
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83 PARAMETERS

Distance Calculation
Checked Distance to Target Component

Horizontally Alongside

|

Use Door Swing in Distance Calculation
Source Component
Source Components to be Checked

State Component  Property

[ Door

Include Type

O Allowed Maximum Distance 10.0

0mm

Operator

Space or Space Group Containment
Space or Space Group Containment Space

v - =
Space Group Type

X

\ Severity Parameters [

. AN YV

Target Component

22Dy aee Target Components to be Checked

Value State Component Property

Matches revolving_door Include [1 Door Type

cao by @88

Operator Value

Matches Main_Entra...

Minimum Number 1

Figure 5.7. AMHZC R42.1.¢ SMC Ruleset Manager Parameter Tab

Type 3 parameter tab is used for defining the free corridor width of classified spaces.

To use this parameter tab, the spaces must be classified using the SMC’s Classification

tab. The Classification tab can be opened using the view button in SMC Ul. In the

Classification tab, new classifications according to the user’s need can be created by

using the new classification button. Then, classification settings of the newly created

classification opens for setting the parameters of the classification. In Figure 5.8, the
classification settings for accomplishing the AMHZC R24.1 is illustrated. AMHZC

R24.1 states that the entrance corridor of the building must have a minimum free

corridor width of 2.2 meters for public buildings and 1.5 meters for other buildings.

Therefore, spaces that contain ‘entrance’ in their name are used for this classification.

Then, related classifications are created and appointed to the relevant components.
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Settings  Classification Rules  Unclassified Components Classified Components

®
Name klause 24 - Circulation Default Classification Names
Description [ Edit S8 AvBAe
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[ Locked
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&, Save As... oK Cancel
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Figure 5.8. AMHZC R24.1 Classification Tab Settings

Type 4 parameter tab is used for limiting the ramp properties according to the needs.
It contains various properties related to ramps such as slope requirements, length
requirements, width requirements, handrail checks, connection to stairs, etc. Like type
3 parameter tabs, this type of parameter tab also requires classified components in
order to process the related rules. In AMHZC R24.10, the slope requirements for the
internal and external ramps are defined. For instance, ramps with 0 to 15 cm height

are limited to have maximum slope of 8%.

Type 5 parameter tabs are used for limiting the stair properties according the
requirements similar to the Type 4 parameter tab (Figure 5.9). This parameter tab
contains vast amount of requirements in order to check stairs such as height of stair,
minimum width of stair, minimum/maximum riser height, minimum/maximum tread
length, landing check of stairs, handrail check of stairs, etc. This parameter tab also

requires classification of stair in order to process them. In AMHZC R25.2.b, the tread
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length of stairs are defined. For instance, residential building stair treads must have

minimum tread length of 0.28 meters.

Type 6 parameter tab is used for space component requirements such as spaces must
contain specific number of defined components. For instance, in AMHZC R44.2.a,
porter suites are required to have openings for air and light needs. Therefore, by using
this type of parameter tab, spaces defined as porter suites can be arranged to have

required openings.

Type 7 parameter tab is used to check connections between chosen spaces. This
parameter tab can be arranged to consider doors and openings between the chosen
spaces. Also, this parameter tab can be modified to cover direct exit to outside of the
building. For example, in AMHZC R25.5.b, it was stated that the main stair of the
building must be connected to the basement. Therefore, using this parameter tab,

connection from the entrance corridor space to basement space is arranged.

Type 8 parameter tab is used to check that each building floor contains required
number of spaces. By using this parameter tab, the number of spaces can be defined
such as living room, bedroom, bathroom, etc. in the related building design. Although
this type of parameter tab is explained in this section, it did not find any use in the
AMHZC.
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83 PARAMETERS
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Vertical Access Classification Vertical Access ~
Stair Classification Names :+| |:>|< P
Stair*
Check External Stairs
Check Internal Stairs
Internal Stairs
Space Classification Space Usage -
Classification Names of Spaces Related to Internal Stairs |:T |:)|< ~
Stairs
Minimum Width 0 mm Minimum Clear Width 0 mm
Maximum Stair Flight Height 4,000 mm Minimum Landing Clear Width 00 mm
Minimum Space at the Beginning 0 mm Mazximum Stair Height 12,000 mm
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Minimum Intermediate Landing Length |0 mm Minimum Clear Height Under O mm
Minimum Number of Steps in a Flight 0 Maximum Number of Steps in a Flight 0
Minimum Angle for Winders [+ Maximum Angle for Winders [+
Minimum Riser Height 102 mm Maximum Riser Height 178 mm
Minimum Tread Length 279 mm Maximum Tread Length 0 mm
Use Tread Distance |:| Tread Distance 500 mm
Minimum Sum of Tread and Two Risers |0 mm Maximum Sum of Tread and Two Risers |0 mm
Maximum Step Mosing Length 0 mm Check Slab Connections
Allow Open Riser Check Riser Height for Equality
Handrails
Check Handrails I:I Handrail On The Side Mot Required ~
Minimum Height Above Stairs 0 mm Maximum Height Above Stairs O mm
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Categaorization of Results :+I |:>|< A
Property
Type
Component Name
Problem Type
v

Figure 5.9. SMC Stair Check Parameter Tab (Retrieved from
https://solution.solibri.com/help/smc/9.10/en/html_sol_210.htm)
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In addition to the parameter tabs, to be able to represent AMHZC rules in SMC, an
object definition system is utilized to define specific components. By doing this, it
was possible to distinguish specific components from other same type components.
For instance, building’s name is coded in a specific way in order to specify if the
building is in statuted floor zone area or other zone, how many stories does the
building have, what is the type of building such as residential, commercial, high,
industrial, detached, adobe, etc. and if the building is single or double. Since, SMC
and BIM tools do not have the capabilities for specifying the components according
to the AMHZC needs, it was required to implement building code in the SMC Ruleset
Manager. However, for different building codes these specifications can be modified
in order to satisfy the component requirements since these types and requirements vary
from building code to building code. In Figure 5.10, the necessary specifications to

satisfy the stair requirements are illustrated.

Stairs
Building Name Type
—» Bezidental —» External
—» Other (Commercial, Public, etz —» Fezidental
—»Storev (1.2, 3.4, 3, etc. —» Spiral
—» Common
—» Service

Figure 5.10. Stair Specification

By utilizing defined parameter tabs and object definition system in this section, the
Interpretable rules of AMHZC are represented in SMC. However, although 185
Interpretable rules are found in the AMHZC, only 45% (83) of them are represented
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via SMC Ruleset Manager. Among those 185 rules, 121 of them are classified as Class
1, 61 of them classified as Class 2, and 3 of them classified as Class 3. 48% (58) of
the Class 1 rules, 39% (24) of the Class 2 rules, and 33% (1) of the Class 3 rules are
represented in computer readable format using SMC Ruleset Manager. Interpretability
of the rules in SMC are listed in Appendix C.

There are two reasons behind this result. Firstly, SMC’s capabilities to completely
check a building code is limited. For instance, in AMHZC R34.1.a, it was stated that
the slope of roof cannot exceed 40%. Although the slope of roofs can be specified in
BIM tools, SMC does not have slope property for the roofs. Secondly, the complexity
of the building code comes with complex requirements for its rules. Even a single rule
in a building code may contain several requirements, components and relations with
other rules to be checked. For instance, the AMHZC R37.9.a states that the buildings
with 2 stories or eave height lower than 7.5 meters can contain air shafts with
dimensions 0.45x0.45 m. and only 2 sections in same floor can benefit from these air
shafts. Therefore, representing this rule using the SMC Ruleset Manager is not

possible.

After representing the Interpretable rules in computer readable format using SMC
Ruleset Manager, second stage is to import the building model to be checked into
SMC. For this purpose, a sample building model was created using Autodesk Revit
2019 tool (Figure 5.11). The sample building model has 20 meters length, 10 meters
depth and 12.5 meters height (excluding the roof). Each floor is designed to have one
independent unit. Each independent section has one living room, two bedrooms, one
kitchen, and one bathroom. The building site is surrounded by garden walls with
railings on them. Also, a parking lot for six cars has been designed. The roof of the
building is designed with 40% slope and the stairs of the building contain 22 risers for
ground to first floor and 19 risers for other floor connections. Lastly, the building

contains different cantilevers as balconies.
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Figure 5.11. Sample Building Model Floor Plan

The building model has been exported as IFC data model from Autodesk Revit 2019
tool in order to be able to utilize it in SMC. Then, the building model is imported into
SMC for checking it against the rules defined in SMC Ruleset Manager.

To verify that the automated code-checking can be performed, several properties in
the building are purposely set against the AMHZC rules, such as external stair on the
building entrance, balcony on the side of the building, bathroom in the independent
section, etc. This aimed to enable assessing if the rules are defined according to the
needs of the AMHZC and see whether SMC Code-Checker is able to process
automated code-checking.

After applying SMC Code-Checker to the building model and represented rules, the

results illustrated in Figure 5.12 are obtained.
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Figure 5.12. Checking Results of Sample Building Model

In Figure 5.12, the Checking tab shows the results of the code-checking with different
features. Firstly, dash indicates that there are no available components to check in the
model. For instance, there is no basement space in this building model and the results
for the AMHZC Clause 27 show the result as dash. This means, there is not any
basement to check in the building model. Secondly, “OK” indication is used if the
corresponding rule is passed in the building model. For example, the model comply
with Clause 9 rules of the AMHZC. Thirdly, there are indications for the issues found
in the building that are represented with red, orange, and yellow triangles. The color
code of these triangles refer to the severity of the issue such as red is used for critical
severity, orange is used for moderate severity, and yellow is used for low severity. If
needed, the severity properties of any rule can be modified from the Parameter tab. In
our case, all rules severity is equal to each other since they are all evaluated as

compliant or non-compliant to rule.

In Figure 5.13, the results of the bathroom dimension check is illustrated. In AMHZC
Clause 32.1.a, it was stated that the minimum width available in bathrooms cannot be

smaller than 1.5 meters. However, in the sample building model, the minimum width
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Is designed as 1.41 meters. Therefore, after checking the rules, SMC illustrates the
issue about this width parameter. In the Info tab, it says the width of the bathroom is

smaller than the required (1.5 meters) dimension.
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Figure 5.13. Checking Results of AMHZC R32.1.a Bathroom Minimum Width
After checking of the sample building model, it is possible to report these results in
different formats and ways. One way to report issues is by using the Result Summary
tab’s report button. By using this feature, the results can be viewed in .xls format.
Also, the .xlIs format can be edited even before publishing the results. In Figure 5.14,

Result Summary tab report settings are illustrated.
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Figure 5.14. SMC Result Summary Tab Report Settings

Another way to report results using SMC is to create slides of the related issues and
then using these slides to make visual presentations about the issue. To create slides
of the related issues, first the issue is chosen from the Results tab and then the little
house icon with rectangular line around it is double-clicked (Figure 5.15). After
creating slides of the related issues, by using the Presentation tab’s new presentation
button, new presentation about the issues is created (Figure 5.16). Then, by using the
report button on the Presentation tab, different formats of the related issues can be

created and visualized.
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Figure 5.15. SMC Adding Slides for Presentation
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CHAPTER 6

CONCLUSIONS

6.1. Finding and Discussions

In this thesis, a formal representation of building codes is proposed and demonstrated
with a methodology which is explained in detail in Section 3.5. This representation
provides a basis to decompose a building code, a classification to group the building
code rules, and the interpretability conditions of the building code rules to eliminate
not-interpretable rules. Utilization of the proposed representation is intended to ease
the automated code-checking by investigating the building code structure, determining

rule properties, and representing the building code completely.

Automated code-checking has been a research field for academicians for a long time.
However, most of the studies in this field focus on analysis of several rules rather than
representing a building code completely. It can be said that these studies have limited
application in practice. Also, the application of these studies require expert knowledge
such as different programming languages and hence they are not widely adopted.
Therefore, utilization of these studies are limited to specific people with specific
knowledge. Moreover, the majority of the studies utilize black box methods which do
not share open-access information about the implementation of codes in code-
checking tools. The proposed building code representation in this thesis aims to

improve the above limitations.

The main contribution of this thesis is the building code representation methodology
as explained in Chapter 3 in detail. The proposed building code representation takes
Solihin’s (2016) rule classification study as a baseline and further modifies it in order
to completely cover building codes. Although Solihin’s study has a solid base for

classifying the rules, it is found limitted in covering a building code completely when
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codes refer to each other. Therefore, it is modified to represent building codes
completely and without ambiguities. This thesis demonstrates that utilizing the
proposed building code representation eases the representation of building codes in

computer readable format.

In the building code representation methodology, a framework is used to illustrate the
process steps of building code representation methodology as explained in Section

3.5. The proposed building code representation methodology consists of five steps:

e Determination of scope: Definition of what to be represented from a
building code.

e Building Code Analysis: Extraction of related clauses, statements and rules

according to the scope of the automated code-checking.

e Interpretability of rules: Determination of interpretability of rules obtained

from the building code analysis step.

e Classification of rules: Determination of rule classes of the Interpretable of

Semi-Interpretable rules.

e Determination of necessary variables according to the results: Determination
of the building model LOD and decision of which automated code-

checking system to use according to the results from previous steps.

Second contribution of this thesis is the automated code-checking process analysis
which is done in Chapter 2. It is crucial to understand automated code-checking
process in order to conduct studies related to this topic. Therefore, in Chapter 2, the
automated code-checking process and their components are defined. Moreover, the
detailed information and previous studies about automated code-checking process is
carefully explained. By using this information, the building code representation

framework is proposed.
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Third contribution of this thesis is the building code implementation framework
defined and explained in detail in Section 5.2. This framework defines the steps to be
taken in order to implement the proposed building code representation in an automated
code-checking system or tool. However, this framework is developed to be used in
Solibri Model Checker (SMC) only. On the other hand, with a few adjustments and
modifications, this framework can be utilized in other automated code-checking
systems and tools. The developed building code implementation framework consists

of three process steps:

e Representation of rules in the computer readable format defined in the building
code representation for the purposes of automated code-checking.
e Utilization of the computer readable rules and the building model in the
automated code-checking process.
e Reporting of the results.
Fourth contribution of this thesis is the building code implementation case study which
aimed to represent a building code completely in an automated code-checking
environment. In similar studies, building codes are fully represented with their
methodologies. However, it is not attempted to fully implement building codes within

an automated code-checking environment.

In this thesis, Ankara Municipality Housing and Zoning Code (AMHZC) is used to
verify the proposed building code representation. The verification process consists of
analysis of AMHZC, implementation of the AMHZC within an automated code-
checking tool and a case study to test the capabilities of the proposed building code
representation, automated code-checking tool, and Building Information Modeling
(BIM) tool. The proposed building code representation can be successfully used to
analyze the AMHZC. Moreover, this study resulted in some lessons-learned for
understanding which rules in Turkish codes are representable in computer
interpretable format and what are the characteristics of rules that prevents the
computer interpretability. However, the implementation of automated code-checking

has showed several limitations. Firstly, in Solibri Model Checker (SMC) there are
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some building components and information that cannot be represented, such as roof
slopes. Although these components and their relevant information are defined in BIM
tools and AMHZC, SMC does not have the capabilities to represent them. Secondly,
building codes have a complex structure which comes with complex requirements in
their rules. Even a single rule in a building code may contain several requirements,
components, and relations with other rules. Therefore, representing these rules in SMC
is not possible. Lastly, the case study was successful to test capabilities of the proposed
building code representation and automated code-checking tool, but the utilized BIM
tool have several limitations. As stated before, Autodesk Revit 2019 is used for
creating a sample building model. There are some information that cannot be defined
in this BIM tool such as naming of building site, naming of zones, etc. which needed
to be utilized in SMC through IFC data model.

6.2. Limitations and Future Research

In this thesis only Ankara Municipality Housing and Zoning Code (AMHZC) rules
are represented using the proposed methodology. The reason for choosing the
AMHZC is that Ankara is the capital of Turkey with more than 5 million population
and AMHZC has higher level of complexity than most of the standards and regulations
which makes representation of AMHZC in computer readable format a hard task. For
future research, different building codes from different countries can be represented

using the proposed building code representation methodology.

Solibri Model Checker (SMC) has been used to represent textual building codes in
computer readable format. The reasons for choosing SMC are explained in Section
5.1. For future research, different automated code-checking systems and tools can be
used to implement proposed building code representation methodology. Also, it is
possible to develop new automated code-checking systems and tools to further
improve the implementation of the proposed methodology.

Another limitation of this thesis is that only interpretable rules are chosen to be

represented in computer readable format. Semi-Interpretable, Non-Interpretable and
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Reference rules are not included in this study. For future research, efforts to auto-
check these rules can be developed with modifying the building code representation

methodology proposed in this study to cover a building code without any exceptions.

The study presented in this thesis can be improved further by adding different concepts
to the automated code-checking process. There can be several approaches for future
research to increase efficiency of converting building codes into digital formats. For

instance:

e Asystem can be developed to automatically detect and interpret building codes
in written format to represent them in automated code-checking systems and
tools.

e Anapproach can be developed to store different building codes in a database,
which allows modifications of rules and creates a building code database
available in computer readable format for future applications.

e A plug-in can be developed for BIM tools to check component’s compatibility
with the selected building code while in designing phase.
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APPENDICES

A. Analysis of AMHZC

ID Textual Expression of Rule Type
Madde 9 - Bina yol cephe(leri) genisligi

Imar durumu (yapilasma sartlar1), Taban Alam Katsayis1 (TAKS) ve/veya
Kat Alam1 Katsay1 (KAKS=Emsal) ve yap1 yaklagma sinirlar ile belirlenen

1  parsellerde yapilacak binalarda bina cephe genislikleri ve derinlikleri
serbesttir. Bolge kat nizami planli alanlardaki ayrik nizam parsellerde insa
edilecek konut binalarinin cephe genisligi 35 metreyi gegemez.

Rule

Ayrik yap1 nizamina tabi olan yerlerde bu Y6netmelik, plan hiikiimlerine
dayanilarak verilebilecek en fazla bina taban alanini (TA), en az bahge
mesafelerini agsmamak kosulu ile yapi yerini tespite ilgili belediye imar
birimleri yetkilidir.

Rule

Ikili veya iiclii blok yapilmas1 gereken yerlerde, daha uygun ¢dziim maksadi
3 ile birkag dar parseli birlikte degerlendirerek o yer igin tespit edilen yap1
karakterine uyacak bina cepheleri toplami1 35 metreyi asmayacak olan ikili
veya liclii bloklar teskil etmeye ilgili belediye imar birimleri yetkilidir.

Madde 10 - Planla veya planla belirlenmemisse bu yonetmelige gore belirlenecek

TAKS’1 gecmemek kaydiyla bina derinlikleri
1  Bina derinligi hesabi;

Rule

1.a Imar planlarinda bina derinlikleri belirlenmemis yerlerde derinlikler;

| =L — (K+ H/2) formiilii ile hesaplanir.
Burada:
I = bina derinligini,
L= parsel ortalama derinligini,
K= 6n bah¢e mesafesini,
N=bina kat adedini,
ifade eder.
H= (3 x N ) + 0.50 formiilii ile hesaplanir.

lal

Rule

Diizgiin geometrik sekillere uymayan parsellerde, alan dengelemesi suretiyle
basit ve diizgiin bir sekle ¢evrilmek suretiyle bulunacak derinlik, bu
parsellerin ortalama derinligi

kabul edilir.

l.a.2

Rule

1.a.3 Ikili blok yap1 nizamli parsellerde, ortak kenar ortalama derinlik olarak alinir.

Rule

On bahge mesafesi 5 metreden fazla olan parsellerde hesapta (K) degeri 5

L metre olarak kabul edilir.

Rule

(1) numarali alt benteki formiille bulunacak bina derinlikleri 15 metreden az
l.a.5 ciktigi takdirde, en az bahge mesafeleri uygulanmak sarti ile 15 metre bina
derinligi verilir.

Rule
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Textual Expression of Rule

Type

146 Formiille bulunacak derinlik degerlerinin kiisurati 0.50 metreden az olanlar
7 0.50 metreye; 0.50 metreden fazla olanlar 1 metreye yuvarlanir.

Rule

1.a.7 Bu formiille hesaplanan derinliklere agik ve kapali ¢ikmalar dahil degildir.

Rule

1b

Degisik parsellerden olusan adalarda, (a) bendinin (1) numarali alt
bendindeki formiile gore hesap edilecek degisik bina derinliklerinin sebep
olacag diizensizligi gidermek, yap1 adasinin bir kenarinda verilecek bina
derinliklerinin ayni siradaki mevcut ve imar mevzuatina gére muhafaza
edilecek binalarin derinlikleri ile uyumlu olmasini saglamak, verilecek

bina derinliginin ada i¢i boslugunu boliicii bir nitelik kazanmasini 6nlemek
amagclar1 ile adanin tamaminda etiid yapilarak plan degisikligi ile derinlikler
sinirlandirilabilir veya en az arka bahce mesafesine uymak kaydi ile

artirilabilir.

Rule

l.c

Blok, ikili blok, blokbas1 ve bitisik yap1 nizamina tabi parsellerde bitisik
sinirda derinliklerin ayni olmasi esastir. Bunu saglamak tizere ilgili belediye
imar birimleri en az bah¢e mesafelerini zedelememek kosulu ile derinlikleri

azaltabilir/arttirabilir.

Rule

l.¢

Ikili blok binalardan bir tanesi imar mevzuatina gore insa edilmis ve derinligi
bu Yonetmelikteki dl¢iiyii asiyorsa digeri derinlik bakimindan mevcut binaya

uyabilir.

Rule

En fazla bina derinlikleri i¢in dikkate alinacak esaslar;

2.2

Konut, ticaret yolu ve bélgelerinde; ayrik nizamda 22 metreden, bitisik, blok,
blok bas1 ve ikili blok nizam binalarda 20 metreden fazla bina derinligi

verilemez.

Rule

2.b

Yiiksek ingaat bolgelerinde; bu bolgelerde yapilacak binalarin derinligi bu
Y onetmelikteki bahge mesafelerine uyulmasi sartiyla en fazla derinlik

kayitlarina tabi degildir.

Rule

2.C

Kiiciik sanayi bolgelerinde; bu bolgelerde yapilacak binalarin derinligi,
derinlik formiiliine bagl olmayip parsel arka hududuna 5 metre kalana kadar

verilir.

Rule

2.¢

Sanayi bolgelerinde; KAKS verilen parsellerde bina derinligi bu
Y onetmelikteki bahge mesafelerine uyulmasi sartiyla en fazla derinlik
kayitlarina tabi degildir. KAKS verilmeyen

parsellerde derinlik planla belirlenir.

Rule

Yol genislemelerinde bina derinlik hesabina dair esaslar;

3.a

Bolge kat nizami planlari ile tespit edilmis olan yollarin genisletilmesi
halinde yola giden kismin teknik ve sosyal altyapi gereksinimi olarak

bedelsiz terkin edilmesi sartiyla, bu

yollar tizerindeki parsellerde yapilacak binalarin derinlikleri parselin
degisiklikten evvelki 6zgiin haline gore hesaplanabilir; aksi halde, parselin
yeni derinligi esas alinir. Cephe hatlar ise zorunluluk olmadik¢a aynen

muhafaza edilir.

Rule

3.b

Emsalli parsellerde yol genislemesi olmasi halinde yola giden kisim teknik
ve sosyal altyap1 gereksinimi olarak bedelsiz terkin edilmek ve planda hiikiim
bulunmak kosuluyla terkten 6nceki parsel alani lizerinden emsal (KAKS)

belirlenebilir.

Rule
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ID Textual Expression of Rule
Kése5a51 parse”erae eIk taban alant ;TA) sabit kalmak, en az yan ve arka

4

komsu mesafeleri kayitlarina uyulmak ve planla ya da planda
belirlenmemisse bu Y 6netmelikle belirlenen emsal alan1 agilmamak sartiyla
derinlik sinirlamasina tabi olunmadan, bina boyutlar1 ¢evre adalardaki
yapilagsmalar dikkate alinarak ilgili belediyenin imar birimince tespit
edilebilir. Bu belirlemede parselin yiiz aldig: yollar tizerindeki komsu
parsellerin derinliklerinin agilmamasi esastir.

Rule

5

Mevcut binalara kat ilavesinde derinlik hesabinda;

Bu Yonetmeligin yiirtirliige girmesinden 6nce yiiriirliikkte olan mevzuat
uyarinca insa edilmis binalara kat ilavesi halinde, miiktesep hak teskil
etmemek kosuluyla mevcut binanin

ingaat derinligine uyulur.

Rule

5.b

2981 sayili Kanuna gore ruhsat almis yapilarin kat ilavesi halinde ise ilave
katin derinligi bu Yonetmeligin derinlik formiiliine uymak zorundadir.

Rule

Bina derinlikleriyle ilgili bu maddedeki hiikiimler, bolge kat nizami planh
alanlarda uygulanir, diger planli alanlarda bina derinlikleri serbesttir.

Madde 11 - En fazla bina yiikseklikleri (H max

1

Verilen kat sayisina gore sagak seviyesi (H=bina yiiksekligi, n=zemin kat
hari¢ kat sayis1 olmak iizere);

Rule

la

Bolge kat nizami planli alanlardaki konut ile ticaret parsellerinde; H=(3.50) +
n x (3.00)

Rule

1b

Diger planli konut alanlarinda H=(5.00) + n x (3.60)

Rule

l.c

Diger planli konut dis1 kullanim alanlarinda H=(5.50) + n x (4.00) formiiliine
gore hesaplanir.

Rule

l.c

Plan notlarinda verilen sagak seviyelerinin giincellenmesi i¢in, plandaki
sacak seviyesinin 0.50 metre eksiginin 3’e boliinmesi ile elde edilecek kat
adedi iizerinden giincel formiile

gore hesaplama yapilir.

Rule

Ikili blok binalarda, binalardan bir tanesi imar mevzuatina gore insa edilmis
ve yiikseklik bakimindan bu Yonetmelikteki dlgiileri asiyorsa, diger bina
yiikseklik bakimindan mevcut binaya uyabilir.

Rule

Kiigiik sanayi bolgelerinde yapilacak binalarin yiikseklikleri 17.50 metreyi
gecemez. Bu bolgelerdeki umumi binalara planla veya planla belirlenmemis
ise bu Yonetmelikle belirlenen TAKS ve KAKS i¢inde kalinmak sarti ile
ihtiyaca gore ilgili belediyenin imar birimince daha fazla yiikseklik
verilebilir.

Rule

Egitim, saglik, dini tesis, sanayi yapilari, imalathane, katli otopark, sinema,
tiyatro ve konferans salonlari, kongre merkezi, alisveris merkezleri, spor
salonlar1, tarim ve hayvancilik amach tesisler gibi 6zellik arz eden binalarin
yiikseklikleri, binanin 6zelligi ile en az bahge mesafeleri sartlar1 g6z oniinde
bulundurulmak suretiyle mimari estetik komisyonunca belirlenir.

Rule

Ahsap binalara; ayrik nizamda olmak, bah¢e mesafeleri sartlarina uymak ve
bolge kat nizamu iginde kalmak kaydi ile en fazla iki kat yiikseklik verilebilir.

Rule

Kerpi¢ vb. binalarin kat adedi ve bina yiiksekligi 1 bodrum ve 1 normal kat
olmak iizere 3.50 metreyi gecemez.

Rule
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Bu Yonetmelikte gosterilen ytiiksekliklerin; herhangi bir anitin, korunmasi

gerekli tescilli tasinmaz kiiltiir ve tabiat varliklarinin, tarihi ve mimari degeri Rule
olan eserlerin goriiniisiinii bozmasi halinde Kiiltiir Varliklarin1t Koruma Bolge
Kurulu goriisii alinarak uygulama yapilir.

Madde 12 - Farkh viikseklikte bina yapabilme

Sahiplerinin toplu miiracaat ve muvafakatleri halinde; bir yap1 adasinin
tamami tizerinde tiim parselleri tevhiden o adanin parsellerinin KAKS ve
TAKS toplamini ve planla belirlenen kat adedini asmayan degisik
yiikseklikte vediizende kitleler yapilabilir.
Umumi binalara ayrik nizamda olmak, parselin planla veya planla
2 belirlenmemis ise bu Yonetmelikle belirlenen KAKS ve TAKS degerleri
astlmamak, sehircilik ve planlama esaslarina uyulmak kaydi ile bolge kat
nizami disinda yapi diizeni ve yiikseklik tespit edilebilir.
Birinci ve ikinci fikralarda belirtilen diizenlemeler, ilgili il¢e belediye
3 meclisinin kabulii ve Ankara Biiyliksehir Belediyesinin onayi ile kesinlesir.
Birinci ve ikinci fikralar ile ilgili tekliflerde agiklayict maket, perspektif ve
kentsel tasarim projesi istenebilir.
4 Mevcut yapilagsmalarla ilgili olarak;
Bu Yonetmeligin yiiriirliige girmesinden 6nce yiiriirliikte olan mevzuata
uygun olarak yapilmis ayrik nizam binalara kat ilavesi halinde, planda aksine
4.a  Dbir hiikkiim bulunmamak kaydiyla Ankara bolge kat nizamini gosteren Rule
plandaki bina yiiksekligine bagli olmaksizin bolgenin kat adedine uyulur. Bu
kabil ilave katlarda kat yiiksekligi en az 6l¢iiden fazla olamaz.
Bitisik nizam binalarda blogun tamaminin rélevesi yapilmak, planla veya
planla belirlenmemis ise bu Yonetmelikle belirlenen yapilasma sartlari
asilmamak suretiyle ilgili belediye imar birimince uygun goriilecek etiide
gore islem yapilir.
Bir adada bu Yo6netmeligin yiirlirliige girmesinden 6nce tesekkiil etmis
binalarin sagak seviyesi ile bolge kat nizami planinin bu ada i¢in tayin ettigi
en fazla sagak seviyesi arasinda estetik mahzur doguran farklar bulunmasi
4.c halinde, bu adada yeni yapilacak binalara verilecek sagak kotu, mevcut Rule
binalarin roleveleri yapilmak ve kat nizami plani ile ahenk teskil edecek
sekilde ayarlanmak suretiyle ilgili belediyenin imar birimince tespit
edilebilir.
5  Eksik kath bina yapma sartlari;
Uygulama imar planinda veya planda olmamasi halinde bu Y 6netmelikte
gosterilen kat adedi ve bina yiiksekligi agilamaz. Ancak, planla veya bu
Y onetmelikle belirlenen kat adedine veya bina yiiksekligine uygun olarak
5.2 bahge mesafesi birakilmak ve ilgili belediyenin uygun gormesi kosuluyla Rule
daha az katli bina yapilabilir. Uygulama imar planlarinda bu uygulamanin
yapilmasina iliskin hiikiim olmas1 halinde ilgili belediyenin uygun gérmesi
kosulu aranmaz.
Eksik katli yapilan binalarda yap1 ruhsati, yap1 kullanma izin belgesi ve
5.b enerji kimlik belgesi, yapilan kisim i¢in diizenlenir. Daha sonradan Rule
tamamlanmak istenmesi halinde, yiiriirliikteki plan ve mevzuat hiikiimlerine

Rule

Rule

Rule

4b Rule
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ID Textual Expression of Rule Type
uygun olarak 1lave ruhsat duzenlenmek ve binanin tamami 1¢in enerj1 kimlik
belgesi onaylanmak zorundadir.
Eksik katli binalara imar planina aykiri olmamak kosuluyla kat ilavesi
yapilabilmesi igin temel ve statik ¢éziimlerinin, yangin tedbirlerinin, enerji
5.c verimliliginin, otoparkinin, sig1-naginin, merdiven, asansor yeri, 151klik ve Rule
diger yap1 elemanlarinin, plan ve bu Yonetmelikte gosterilen azami
yiikseklige gore hesaplanmasi ve birakilmasi zorunludur.
Eksik katli insa edilen binanin mevcut haliyle veya tadilat yapilarak
yiuriirliikteki plana ve mevzuata uygunlugunun saglanamamasi halinde bina
yikilmadan kat ilavesi yapilmasina izin verilmez. Eksik katli binalara
yapilacak ilavelerde fenni mesuliyet, temel ve statik hesaplari, yangin
5.¢ tedbirleri ve enerji verimliligi konular1 da dahil mevcut yapi ve ilave yapilan ~ Rule
kisimlar1 kapsayan teknik rapor da diizenlemek suretiyle yap1 denetim
kuruluslarinca tstlenilir.
Zemin katta ticari faaliyet yiiriitiilebilen binalarda ve birden fazla yap1
yapilabilen parsellerde de bu hiikiim uygulanir.
Madde 12 - Farkh yiikseklikte bina yapabilme
1 Yoldan kotlandirilan binalara yol cephelerinde, girisin hizasindaki bordiir tasi
iist seviyesinin altinda giris yapilamaz.
Yola bakmayan cephelerden, koprii veya giris seridi eksenindeki bordiir
2 seviyesinden en fazla 1,50 metre inilmek veya ¢ikilmak suretiyle de giris Rule
yapilabilir.
Tabii zeminden kotlandirilan parsellere girisler birinci ve ikinei fikralardaki
3  sartlara tabi degildir. Giris tabii zemine uyumlu olarak diizenlenecek Rule
merdiven ve rampalarla saglanabilir.
Yoldan ve/veya tabi zeminden kotlandirilan ve iizerinde birden fazla bina
4 yapilan ada/parsellerdeki bina girisleri, her kitlenin kendi +0,00 roper kotu ve
birinci, ikinci ve tiglincii
fikralardaki esaslar g6z Oniine alinarak diizenlenir.
Bina giris koridoru genisligi, ana merdivene ve asansore ulagincaya kadar dis
1  kapi genisliginden az olmamak kosuluyla umumi binalarda en az 2.20 metre, Rule
diger binalarda ise en az 1.50 metredir.
2 Yoldan dogrudan giris alan binalarda, girisin hizasindaki bordiir tasi iist

Rule

Rule

L . Rule

seviyesinin altinda girig yapilamaz.
Tabi zeminden kotlandirilan parseller birinci ve ikinci fikralardaki sartlara

3 tabii de-gildir. Girisin, tabi zemine uyumlu olarak diizenlenen merdiven ve Rule
rampalarla saglanmasi gerekir.

4  Bolge kat nizamini bozacak sekilde tesviye yapilamaz. Rule
Konut binalarinin zemin katlarimin diikkan veya magaza olarak diizenlenmesi

5 halinde diikkén ve magaza girislerinin sadece yol cephesinden yapilmasi Rule
gerekir.
Doseme kaplamalarinda kaymayi nleyen, tekerlekli sandalye ve koltuk

6 degnegi hareketlerini giiclestirmeyen, yiizeyleri sert, stabil, diizgiin ve Rule

standardina uygun malzeme kullanilmasi zorunludur.
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ﬁlnalarda ve girislerinde engellilerin erisimine yénelm standartlarina Rule
uyulmasi zorunludur.

Rampalarin kenar korumalari, genislikleri, sahanliklari, korkuluk ile kiipeste
ve kaplama malzemeleri engellilerin de dolasimina olanak saglayacak sekilde
TSE standartlarina uygun yapilmak zorundadir. Rampalarm genisligi 1.50
metreden az olmamalidir.

Bina giriglerinde engellilere yonelik 6n bahgede parsel sinirina kadar giris
rampasi veya merdivene bitisik dar kenari en az 0.90 metre ve alani en az
1.20 m? engelli asansorii yeri
ya da mekanik kaldirma iletme platformu yapilir. Aile ve Sosyal Politikalar
Bakanligimin goriisii alinmak suretiyle engellilerin kullanimi igin farkli
uygulama yapilabilir.

Bina girisinde ve bina i¢inde bulunan rampalarin egimleri asagidaki degerlere
uygun olmak zorundadir:
En fazla yiikseklik En fazla egim
10 15cmve daha az 1:12 (% 8) Rule
16-50 cm arast 1:14 (% 7)
51-100 cm arast 1:16 (% 6)
100 cm tizeri 1:20 (% 5)
Rampalarda ve ara sahanliklarda kesintisiz olarak 0.90 metre yiikseklikte 1.
11 diizey ve 0.70 metre yiikseklikte 2. diizey, elle tutuldugunda kolay Rule
kavranabilecek sekilde 32-45 mm capinda kiipeste bulunmak zorundadir.
Birbirini takip eden rampalarin basinda ve sonunda sahanliklar bulunmalidir.

12 Bu sahanliklarin boyu 1.80 metreden az olamaz. Sahanliklarin genisligi 1.50  Rule

metreden az olamaz. Sahanlik egimleri en fazla 1/50= 0.02 olabilir.

1 En az merdiven genigliklerinde;

1a Tek bagimsiz boliimlii konutlardaki dahili merdivenlerin genigligi 1
" metreden,

Birden fazla bagimsiz boliimlii konutlardaki genel merdivenlerin genisligi ise

1.20 metreden, az olamaz
1.c Konut kullanimi harici binalardaki merdiven genisligi en az 1.50 metredir. Rule

2  Basamak yiikseklik ve genigliklerinde;

Basamak genislik ve yiiksekligi; 2h + b =61- 65 esitligini saglayacak sekilde
2.a saptanir. (h) cm olarak basamak yiiksekligi, (b) cm olarak basamak Rule
genisligidir.
Basamak yiiksekligi, asansorii olmayan binalarda 0.16 metreden,
2.b asansorliilerde 0.175 metreden, bina disindakilerde ise 0.15 metreden fazla Rule
olamaz.
Basamak genisligi konut merdivenlerinde 0.28 metre, diger binalarda 0.30

Rule

Rule

Rule

1.b Rule

A metre, dis merdivenlerde ise 0.35 metreden az olamaz. Al
2 Donel merdivenlerde basamak genisligi en dar kenardan itibaren 0.15 metre Rule
" uzaklikta 0.10 metreden, basamak ortasinda ise 0.28 metreden az olamaz.
3  Merdiven kolu, kat ve ara sahanliklar ile ol¢iileri hakkinda;
32 Ortak merdivenlerde riht sayisinin 17°den fazla olmas1 durumunda, iki kat Rule

arasinda bir ara sahanlik yapilmasi zorunludur.
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3b

Ara ve kat sahanliklariin genisligi iki kollu merdivenlerde merdiven
genisliginden az olamaz.

Rule

3.c

Tek kollu ve donel merdivenlerde ara sahanlik, basamak ortasinda; (n x
63+b) toplam kadar olacaktir. Ornegin;

1x 63 +29 =92 cm.

2X 63 + 29 = 155 cm.

Rule

Kullanim degisikliginde ve karma kullanimli binalarda merdivenler i¢in;

4.a

Mevcut binalarda umumi binaya doniistiirmek gibi kullanimi degistirmeye
yonelik taleplerde, mevcut merdiven Ol¢iilerinin yeni kullanima dair
merdiven dlgiilerini saglamasi zorunludur.

Rule

4.b

Karma kullanimli binalarda her kullanim i¢in ayr1 merdiven evi
diizenlenmesi zorunludur.

Rule

Servis merdivenleri ve Olgiileri hakkinda;

5.a

Iskan edilmese de cat1 ve bodrum katlara ulasan ortak merdivenler, merdiven
en az Olgiilerine uyarlar.

Rule

5.b

Tiim binalarda ana merdivenle bodrum katlarda tertiplenen ortak yerler
arasinda bag-lant1 kurulmasi zorunludur.

Rule

5.c

Tek bagimsiz boliimlii konut binalarinda bodrum katlar iskan edilmedigi
takdirde di-saridan ulagim saglanabilir.

Rule

Yangin onlemleri ve kacis merdivenleri ile ilgili olarak Binalarin Yangindan
Korunmasi Hakkinda Yo6netmelik hiikiimleri gecerlidir.

Rule

Konut dis1 kullanimlarda birden fazla kata yayilan ve herkesin yararlandigi
bagimsiz boliim merdivenleri de bu madde hiikiimlerine tabidir.

Rule

8

Merdivenlerin her iki tarafinda da engelliler ile ilgili TSE standartlarina
uygun korkuluk ve kiipeste yapilmasi ayrica basamak, kat ve ara
sahanliklarin kaplamalarinda da standartlara uyulmasi zorunludur.

Madde 26 - Asansorler

Uygulama imar planina gore kat adedi 3 olan binalarda asansor yeri
birakilmak, 4 ve daha fazla olanlarda ise asansor tesis edilmek zorundadir.
Kat adedi hesabina iskan edilen bodrum katlar da dahil edilir. Daha az katl1
yapilarda da asansor yapilabilir.

Rule

Rule

Asansor mecburiyeti bulunan binalarda; asansor sayis1 ve kapasiteleri trafik
hesabiyla belirlenir, ancak giris katindan baglamak tizere, 10 dan fazla kat
bulundugu veya toplam bagimsiz bolim sayisi 20’yi gegtigi takdirde en az 2
adet, toplam bagimsiz boliim sayis1 50’yi gectigi takdirde en az 3 adet,
toplam bagimsiz boliim sayis1 100’1 gectigi takdirde en az 4 adet asansor
yapilmasi zorunludur.

Rule

Tek asansorlii binalarda; asansor kabininin dar kenar1 1.20 metre ve alani
1.80 m2 ’den, kapi net gecis genisligi ise 0.90 metreden az olamaz. Asansor
kapisiin agildig1 sahanliklarm genisligi, asansor kapisi siirgiilii ise en az 1.20
metre, asansor kapisi disa agilan kapi ise en az 1.50 metre olmak zorundadir.
Birden fazla asansér bulunan binalarda, asansor sayisinin yarisi kadar
asansoriin bu fikrada belirtilen 6l¢iilerde yapilmasi sarttir. Tek sayida asansor
bulunmasi durumunda say1 bir alta yuvarlanir. TSE standartlarinin bu fikrada
belirtilen 6l¢ti ve miktarlardan kiiclik olmasi halinde; taban alaninda
yapilagsma hakki 200 m 2’nin altinda olan parseller ile tek bagimsiz béliimlii

Rule
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mustakil konut binalarinda TSE standartlarina uyulmasina 1lgili idaresi
yetkilidir.

Mevcut binalarda yapilacak tadilatlarda, bu madde hiikiimlerinin ya da TSE
standartlarinin uygulanmasinda idaresi yetkilidir.

Rule

Kullanilabilir katlar alan1 tek katli olan binalar hari¢ 800 m 2’den veya kat
adedi birden fazla olan umumi binalarda en az bir adet asansor yapilmasi
zorunludur. Ayrica kat alan1 800 m 2 *den ve kat adedi 3’ten fazla olan
umumi binalarla yiiksek binalarda figiincii fikrada belirtilen asgari 6lgiilere
uygun ve en az 2 adet olmak tlizere binanin tipi, kullanim yogunlugu ve
ihtiyaclarina gore belirlenecek sayida asansor yapilmasi zorunludur. Bu
asansorlerden en az bir tanesinin herhangi bir tehlike aninda, ariza veya
elektriklerin kesilmesi halinde zemin kata ulasip kapilarimi agacak, yangina
dayanikli malzemeden yapilmis, kuyu i¢inde, duman sizdirmaz nitelikte,
kesintisiz bir gii¢c kaynagindan beslenecek sekilde tesis edilmesi
gerekmektedir.

Rule

10 kat ve tlizeri binalarda asansorlerden en az bir tanesi yiik, esya ve sedye
tasima amacina uygun olarak dar kenar1 1.10 metre ve alan1 2.31 m? ’den,
kap1 genisligi ise net 1.10

metreden az olmayacak sekilde yapilir.

Rule

Binalarda usuliine gore asansor yapilmis olmasi, bu Yonetmelikte belirtilen
sekil ve dlciilerde merdiven yapilmasi sartin1 kaldirmaz.

Rule

Asansoriin yapilmasi ve isletilmesi ile ilgili hususlarda; bu madde hiikiimleri

de dikkate alinarak, 29/6/2016 tarihli ve 29757 sayili Resmi Gazete’de
yayimlanan Asansor Yonetmeligi (2014/33/AB), Binalarin Yangindan
Korunmasi Hakkinda Y6netmelik ve TSE standartlar1 hiikiimlerine uyulur.

Rule

Asansorlerin, bodrum katlar dahil tiim katlara hizmet vermesi zorunludur.

Rule

10

Asansorlere bina girisinden itibaren erisilebilirlik standartlarina uygun
engelsiz erisim saglanmasi zorunludur.

Rule

11

Asansorler, erisilebilirlik standartlarina uygun gerekli donanimlara sahip
olmak zorundadir.

Rule

12

Ozellik arz eden binalarda, binanin kat adedi, yap1 insaat alani, kullanma

sekli goz oniinde tutularak asansor sayilari ile asgari dlgiileri ilgili idaresince

artirilabilir.

Rule

13

Mevcut binalarin merdiven bosluklari, 1sikliklar1 veya havalandirma bacalari,

634 sayil1 Kat Miilkiyeti Kanununda belirlenen ¢ergevede kat maliklerinin
muvafakatlerini almak ve havalandirmaya bakan banyo/helalarin

havalandirilmasi i¢in en az 0.60x0.60 metre kesitinde yer ayirmak veya cebri
havalandirma yapmak kaydi ile asansor yeri olarak degerlendirilebilir. Ancak
mimari projede tadilat yapilip Asansor Yonetmeligine gore asansor uygulama

projeleri gizilerek ilgili belediyece onaylanip, 24/6/2015 tarihli ve 29396
sayili Resmi Gazete’de yayimlanan Asansor [sletme, Bakim ve Periyodik
Kontrol Yonetmeligi ¢cergevesinde tescil edilmesi gerekir.

Rule

14

Talep halinde, engellilerin bulundugu mevcut binalarda asansor yapma
zorunlulugu olmasa dahi engellilerin erisiminin saglanabilmesi i¢in, bina

icinde uygun bir yer olmamasi durumunda, 6n, yan ve arka bah¢ce mesafeleri

iginde parsel siirina en az 1.50 m. mesafe bi-rakmak kaydiyla asgari

Rule
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olgulerde panoramik asansor veya ulasilacak katin yuksekliginin uygun
olmas1 halinde mekanik platform yapilabilir.

Madde 27 - Bodrum Katlar

1

Bodrum katlarin iskan edilebilme sartlart;

la

Bodrum katlar, en az bir cephesinde en diigiik dogal/diizeltilmis bahge
kotunda veya iizerinde kalmak, hi¢bir noktada hizasindaki bahge kotlarina
gore 0.90 metreden fazla gomiilmemek, sel, tagkin ve su baskinlarina karsi
gerekli tedbirleri alinmak sartlari ile konut olarak iskan edilebilir. Ancak bir
cephesinde tiimii ile bahge kotlarinda/iizerinde kalmakla birlikte diger
cephelerinde 0.90 metreyi asan gémiilmeler bir iist kattaki plan tertibine uyan
bolimler

boyunca kabul edilebilir.

Rule

1b

Bolge kat nizami planli bolgelerde; iskan edilebilir bodrum katlarin tamami
konut olarak degerlendirilebilir.

Rule

l.c

Ticari alanlarda yapilan binalarin ticari amagla kullanilan bodrum katlarinda
dosemenin dogal/diizeltilmis bahce kotunda/en fazla 0.90 m gomiilii olma
sart1 aranmaz. Bu tiir binalarda suni havalandirmanin saglanmast ile
engellilerin dolagimina olanak saglayan dnlemler alinir.

Rule

Kat sayilar1 agsagidaki hiikiimlere gore belirlenir:

2.4

Konut bolgelerinde; binalarda zemin kat veya iskan edilebilir konut sartini
saglayan katin altinda bir bodrum kat daha diizenlenebilir. Ancak istenilmesi
halinde miistemilat igin

ilave bodrum katlar yapilabilir.

Rule

2.b

Ticaret ada/parsellerinde; birinci fikranin (a) bendindeki iskan edilebilme
sartin1 sag-layan bodrum katin altinda olmak iizere iki kat daha yapilabilir.
Ancak istenilmesi halinde miistemilat i¢in ilave bodrum katlar yapilabilir.

Rule

2.C

Ticaret ada/parselleri disinda; ticaret ada/parselleri disindaki tim
kullanimlarda da imar plani/plan notlarina aykiri olmamak ve imar birimince
uygun goriilmek kayitlartyla (b)

bendi hiikiimleri uygulanir.

Rule

2.¢

Ticari ve sanayi depolama, sanayi, organize sanayi, kii¢iik sanayi ve konut
dis1 kentsel ¢aligma vb. alanlarda; birinci fikranin (a) bendindeki iskan
edilebilme sartin1 saglayan bodrum katin altinda ancak bir kat yapilabilir.
Ancak istenilmesi halinde miistemilat i¢in ilave bodrum katlar yapilabilir.

Rule

Bodrum katlar, asagida belirtilen sartlarda gesitli iglevler i¢in kullanilabilir:

3.a

Iskan edilebilme sartina uymak kaydiyla konut,

Rule

3.b

Her tiirlii zorunlu veya ihtiyari ortak yerler ve eklentiler,

Rule

3.c

Ticaret ada/parsellerinde yol cephesinden ve hizasindaki bordiir kotundan
girmek ve en az net alanin 1/3’1 diikkan giris kotu ve tizerinde tertiplenmek
kaydi ile diikkan,

Rule

3¢

Kose basi veya kose basindan baska iki yola cephesi olan parsellerde
yapilacak binalarin yola cephesi bulunan bodrum katlarina ticari
kullanimlibagimsiz boliim,

Rule

3.d

Ticaret ada/parsellerinde kapali ¢arsi ve pasaj,

Rule
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Bolge kat nizami planli alanlarda yoldan, ticaret ada/parsellerinde yoldan
veya komsu ticaret parseline bakan bahgelerden gegis yapmak suretiyle ticari
kullanimlar,

Rule

3.f

Konut binalarinda bagimsiz boliim ve disari ile baglantili olmamak {izere
depo,

Rule

3.9

Bolge kat nizami planli bolgelerdeki zemin/bodrum katlarinda ticari kullanim
bulunan binalarda ticari kullanimlara mahsus olmak iizere bu boliimle
baglantili ve ait oldugu bolim

alaninin iki mislini agmayan depo,

Rule

-

3.8

Bu Yonetmeligin diger hiikiimlerine de uymak kaydi ile bina ana girisleri,
yangin kagislar1 vb.,

Rule

3.h

Otopark,

Rule

3.1

Sanayi, depolama, kiigiik sanatlar ve konut dis1 ¢calisma alanlarinda amaca
uygun tesisler.

Rule

4

Bodrumlarin tevsinde asagidaki esaslara uyulur.

4.

Konut bolgelerinde;

4.a.1

Bolge kat nizami planli alanlardaki konut parsellerinde yapilacak 19 uncu
maddenin birinci fikrasinin (f) bendinde sayilan umumi binalarda
tabii/tesviye edilmis bahge kotlar1 altinda kalmak, komsu parseller icin
sakinca olusturmadig tiim komsu parselleri de kapsayacak sekilde civari ile
birlikte yapilacak incelemeye gore saptanmak kayitlari ile gerekli goriilen
hallerde yan ve arka bahgelerin tamaminda bodrum yapilmasina, higbir
sinifta gayri sthhi miiessese olarak projelendirilmemek/kullanilmamak iizere
ilgili belediyenin imar birimince izin verilebilir.

Rule

4.2

Bu sekilde tevsi edilen bodrum katin altinda otopark ihtiyaci ile en az
Olciilerdeki zorunlu ortak alanlar karsilayacak sekilde bodrum/bodrumlar
tevsi edilebilir.

Rule

4.a.3

Emsalli parsellerde ise imar plani/plan notlarinda belirtilmese bile yan/arka
bahgelerde tevsi igslemine ancak bu bendin (1) ve (2) numarali alt bentlerinde
belirtilen sartlarla ve zorunlu bina otoparki yapmak amaci ile ilgili
belediyesince uygun goriilen sekilde izin verilebilir.

Rule

4.b

Ticaret parsellerinde bodrum katlar, arka ve yan bahgelerde imar plani karari
ile tevsi edilebilir.

Rule

Madde 28 - Bodrum Katlar

1 Konut bolgelerinde zemin katlarin kullanma sekilleri;
Bolge kat nizami planli konut bdlgelerinde ilgili idare meclisince yol boyu
ticari te-sekkdil karar1 alinmak kaydiyla zemin katlar, bu Yonetmelik ve ilgili
la .. ol o . . - Rule
diger mevzuat hiikiimlerine uymak kaydi ile konut ve ticari amagla
kullanilabilir.
1b Diger planli alanlarda zemin katlar, plan hikkmii veya ilgili idare meclisince Rule
" yol boyu ticari tesekkiil karar1 olmadikea ticari amagla kullanilamaz.
Zemin katlarda ticari kullanimlarin yer almasi halinde, bu kullanimlarin
1.c bodrum katlarinda igten baglantili piyesleri olabilir. Bu kullanimlar binanin ~ Rule
ortak alanlar1 ve miistemilatiyla irtibatlandirilamaz.
2 Planda aksine bir hiikiim yoksa zemin kat doseme seviyeleri, binalarin kot Rule

aldig1 cephesinde + 0.00 kotunun altina diigiiriilemez ve +1.20 kotunun
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ustune ¢ikarilamaz. Meyilli

yollar iizerinde yapilacak diikkan ve benzeri yerlere girislerin yaya kaldirim
kotlarina uydurulmasi amagli déseme kademeleri ve yol cephesi esas
alinmak, bina yiiksekligi asilmamak kaydi ile en fazla diikkan alaninin 1/3
oraninda diizenlenebilecek doseme kademeleri bu sinirlamalarin disindadir.

3 Zemin katlar;

3.2 Binanin kot aldig1 yol cephesi tarafinda yapilmamak

Rule

Yiikseltilen veya alcaltilan kisim, + 0.00 kotuna gore 1.50 metreden daha
3.b yukarida/asagida ve bina alaninin, agik ¢ikmalar hari¢ 2/3’linden fazla
olmamak,

Rule

Imar durumunda belirlenen sacak seviyesini asmamak ve bu Y&netmeligin
diger bag-layici hiikiimlerine uymak, kaydi ile kademelendirilebilir.

Rule

Ancak binanin kot aldig1 yolun meyilli olmasi halinde bu yol iizerinde
bulunan boliimler de gomiilmeyi 6nlemek amaci ile + 0.00 kotunu higbir
4  noktada +1.50 metreden fazla asmamak ve imar durumunda verilen sagak

seviyesini ihlal etmemek kaydiyla kademelendirilebilir. Bu sekilde
yapilabilecek kisimlar da yukarida belirtilen 2/3 orani i¢inde miitalda edilir.

Madde 29 - Konutlarda bodrum ve zemin katlara ait baz1 hususlar

Konut binalarinin bodrumlarinda ve zemin katlarinda higbir surette ticari

amacl genel depolara veya bagimsiz kullanilabilecek 6zel depolara ve

ardiyelere miisaade

edilmez.

Rule

Rule

Konut binalarinda ana merdivenle veya ortak alanlarla irtibatli, en az 1.00
metre genigliginde bahge ¢ikis1 aranmasi zorunludur.

Rule

Binalarin ticari amagla kullanilan bodrum ve zemin katlarinda, dncelikli
olarak es diizey dolagimin saglanmasina yonelik ¢oziimlere gidilmesi, bunun
miimkiin olmadig1 hallerde engellilerin dolagimina olanak saglayan rampa,
yiiriiyen bant vb. diizenlemelerle 6nlem alinmasi zorunludur.

Rule

Su taskin riski bulundugu DSI veya ASKI tarafindan belirlenen parsellerde,
iskan edilen katin taban kotu ile bina, otopark gibi giris-¢cikis kotlarinin, su

4 seviyesine esas dere kret kotunun en az 1.50 m. iizerinde olmasi zorunludur.
Tereddiide diisiilen konularda DSI veya ASKI goriisiine gore uygulama
yapilir.

Rule

Madde 30 - Asma katlar

Zemin kat1 ticari olarak kullanilmayan konut alanlar1 haricindeki binalarm

. zemin katlarinda asma katlar diizenlenebilir. L
2  Zemin katta asma kat yapma sartlari:
Asma kat yapilan boliimiin i¢ yiiksekligi temiz 5.50 metreden, asma katin i¢
2a . e ) Rule
yiiksekligi ise temiz 2.40 metreden az olamaz.
Asma kat alani, i¢ginde bulundugu bagimsiz boliimiin, merdivenler hari¢
2.b . rer Rule
temiz alaninin 2/3’1inii gecemez, 1/3’linden az yapilamaz.
2¢ Asma katlar yola bakan cephe/cephelerde merdiveni de dahil 3.00 metreden Rule

fazla yaklasmamak kaydiyla tertiplenir.

Madde 31 - Tabii zeminden kotlandirilan parsellerin 6n bahgesinde kapah otoparklar

yapabilme
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Tabii zeminden kot alan ada/parsellerde, yap1 yaklasma sinirlart di-sinda, yol
ile parsel sinir1 arasindaki kot farki +2.50 metre ve iizerinde ise tabii zemin
veya planla Onerilen tesviye kotlari altinda kalmak kaydiyla bu kisimlar

binaza ait kapah otopark olarak diizenlenebilir.

Madde 32- Binalarda bulunmasi zorunlu odalar/béliimler ve en az olciileri

Rule

Her bagimsiz konutta en az 1 oturma odasi, 1 yatak odasi, 1 mutfak veya
yemek pisirme yeri, 1 banyo veya yikanma yeri, 1 tuvalet bulunmasi
1 zorunludur. Ancak 3 veya daha az odal konutlarda banyo/yikanma yeri ile Rule
tuvalet ayn1 yerde diizenlenebilir. Oturma ve yemek kismui gibi birlesik
kullanma imkan1 saglayan mahaller 1 oda kabul edilir.

Konut binalarindaki tiim oda/boliimlerin i¢ 6lgiileri engellilerin de
kullanimini sag-lamak iizere standartlara uygun olmalidir. Konutlarda dar
kenar Ol¢listi ve net alan1 en az:

l.a Oturma odasinda 3.00 metre, 12.00 m?, Yatak odasinda 2.50 metre, 9.00 m?, Rule
Mutfak veya yemek pisirme yerinde 1.50 metre, 4.00 m?, Yikanma yeri veya
yikanma yeri ile birlikte tuvalette 1.50 metre, 3.00 m2, Ayri tertiplendiginde
tuvalette 1.00 metre, 1.40 m?, Hol ve koridorda 1.20 metreden az olamaz.

1.b Giris, hol, kiler, soyunma yeri gibi yerler oda sayilmaz. Rule
Odalarin/béliimlerin diizgiin geometrik sekilde diizenlenmemesi durumunda

1.c igerisinde bu fikranin (a) bendinde zikredilen en az dar kenar 6lgiilerinde bir ~ Rule
kare sigdirabilecek biiyiikliikte olmas1 gerekir.

2 Diikkan ve biirolarda;
Pasajlar ve kapali ¢arsilar hari¢ her diikkan i¢in 1 adet tuvalet

2a . : Rule
diizenlenecektir.
2h 16.00 m? ’nin altinda ve her ti¢ diikkana bir ortak tuvalet ve lavabo Rule
" olusturulmasi halinde diikkanlarda ayr1 ayri tuvalet aranmaz.
2¢ Diikkan ve biirolarin dar kenar1 2.00 metreden az olmamak tizere alani 8.00 Rule
"~ metrekareden az olamaz.
Ozellik arz eden binalarda bu Yonetmeligin kendileri i¢in belirtilen
26 .. . o Rule
hiikiimleri gegerlidir.
3 Umumi binalarda;
3a Tim yapi, tesis ve agik alan diizenlemeleri, engellilerin de ulagimini ve Rule
" kullanimini saglamak amaci ile TSE standartlarina uygun olarak yapilir.
3b Dar kenar genisligi, koridor uzunlugu 20.00 metreye kadar en az 2.00 metre, Rule

bundan sonra ise en az 2.50 metre olacaktir.
50 kisiye en az 1 kadin, 1 erkek olmak tizere standardina uygun tuvalet,
pisuar ve lavabo yapilir. Binada engelliler i¢in de en az 1 kadin, 1 erkek
3.c olmak iizere standardina uygun Rule
tuvalet ve lavabo yapilir. Ozellik arz eden durumlarda s6z konusu sayilar
arttirma veya azaltmaya imar birimleri yetkilidir.
Ilgili mevzuatinda aksine bir hiikiim bulunmadig1 takdirde; otel ve motellerde
3.¢ o0da sayisimin %3’ii ve en az her otelde 1 oda, hijyenik bakimi da dahil Rule
tekerlekli sandalyelerin dolagimina cevap verecek sekilde diizenlenir.

Madde 33 - Kat yiikseklikleri

Uygulama imar planlarinda aksine bir hitkiim bulunmadig takdirde kat Rule
yiikseklikleri; bu Yonetmeligin 11 inci maddesine gore belirlenecek sagak
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seviyesini ag-mamak, planla veya bu Y onetmelikle belirlenen kat adedini
ihlal etmemek ve bu madde hiikiimlerine aykiri olmamak kaydiyla serbesttir.
Tesisat katimin yiiksekligi normal kat yiiksekligini asamaz. Ozellikli olan
yapilarda bu hiikiim uygulanmayabilir.

Iskan edilen katlarin i¢ yiiksekligi, asma katlar harig¢ 2.60 metreden, bolge
kat nizami planl alanlarda 2.40 metreden az olamaz. Ancak hava maniasi
veya giivenlik nedeniyle kisitlamalar1 olup planla kat adedi belirlenen
parsellerde bu yiikseklik 2.40 metreye diisiiriilebilir. Minimum kat
yiiksekliginin altina diigmemek, kat adedi arttirllmamak ve en fazla bina
yiiksekligini agmamak kaydiyla kat i¢ yiikseklikleri arttirilabilir/azaltilabilir.
Yikanma yeri, banyo, dus, lavabo yeri, tuvalet, kiler, merdiven alt1, her tiirli
i¢ ve dis gegitler ve iskan edilmeyen bodrum katlar1 ile miistemilat
binalarinda, i¢ yiikseklik 2.20
metreye kadar diisiiriilebilir.

Garaj, kalorifer dairesi, odunluk, komiirliikk, bodrum katlarda yer alan
otoparklar ve benzeri 6zellik arz eden yerlerin yiikseklikleri bu maddede yer
5 alan hiikiimlere tabi olmayip, Rule
hizmetin gerektirdigi sekilde 2.20 metrenin altinda olmamak kaydiyla
idaresince tespit ve tayin olunur.
Egitim, saglik, dini tesis, sanayi yapilari ile sinema, tiyatro ve konferans
salonlari, kath otoparklar, aligveris merkezleri, diiglin salonu, resmi kurum ve
6 kuruslara ait binalar ve spor salonlar1 gibi 6zellik arz eden yapilarda i¢ Rule
yiikseklikler, teknolojik ve mimari gereklere gére mimari estetik komisyon
karari ile belirlenir.

Madde 34 - Catilar

Catilarin, cevresindeki cadde ve sokaklarin karakterine uygun olmasi ve insa

Rule

Rule

Rule

1 edilecek yapinin gereksinimlerine cevap vermesi sarttir. Cat1 egimi igin Rule
asagidaki esaslar dikkate alinir:
l.a Binalarda cati egimi % 40’1 gegemez. Rule

Bu egim binanin dar cephesinden hesaplanir. Sacaklar hesaba katilmaz.

1.b  Ancak kapali ¢tkma bulunan ve bu ¢ikma bina yiiksekligince devam eden Rule
kisimlarda, ¢at1 egimi sagak ucundan hesaplanir.
1 ve 2 katli konutlarda, tek bagimsiz boliimlii yapilarda veya eksik katli

1.c yapilan binalarda cat1 sekli serbest olmak kaydiyla ¢at1 egimi azami %50 Rule
olabilir.
1.¢ Blok ve ikili bloklarda ¢at1 ortiisii sekli birlikte degerlendirilmelidir. Rule

2 Cati aralarinin kullanimina dair hiikiimler asagidaki gibidir:

Cat1 aralarinda bagimsiz boliim yapilamaz. Bu kisimlarda ancak en az

olgiilerdeki su deposu, asansor kulesi, iklimlendirme ve kaskat sistemleri de
2.2 igerebilen tesisat odasi vb. ile son kattaki bagimsiz boliim ile kendi iginden Rule
irtibatlandirilmak, ait oldugu bagimsiz boliim siirlarini agmamak kosulu ile
piyesler yapilabilir.
Catilarin yukaridaki sekilde diizenlenmesi durumunda bu kattaki boliim
Onleri teras olarak kullanilabilir.

2.a.1 Rule
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2.a.2

Mimari proje ile onerilen sacak seviyesi, imar plani ile belirlenen seviyenin
altinda olmasi halinde, parapet yapilarak cat1 bu parapetin iizerine
oturtulabilir.

Rule

2.a.3

Cat1 arasindaki mekanlarda, cati egimi igerisinde kalmak ve fonksiyonunu
saglamak sartiyla asgari yiikseklik sart1 aranmaz. Ancak iist kat tavan
dosemesi ile ¢at1 Ortiisii arasinda kalan hacimler, uygulama imar planinda
aksine bir hiikiim yoksa ilave kat désemeleri yapilmak suretiyle
boliinemezler.

Rule

2.b

Tamami umumi, ticari ve sanayi amagh binalarda teras catilar, 22/2/2018
tarihli ve 30340 sayili Resmi Gazete’de yayimlanan Otopark Y onetmeligi
hiikiimlerine aykir1 olmamak kaydi ile binaya ait agik otopark olarak
kullanilabilir.

Rule

2.c

Son kat tavan dosemesi en yiiksek mahya kotunu agsmayacak sekilde egimli
olarak tertip edilebilir. Ust kat tavan dosemesi ile gat1 ortiisii arasinda kalan
hacimler ek kat dosemeleri

yapilmak sureti ile kat olusturacak sekilde boliinemez.

Rule

2.¢

Teras gatilarda cat1 bahgesi olarak diizenleme yapilabilir. Bahge diizenlemesi
yapi-labilmesi i¢in gerekli olan 0.50 m. toprak dolgu, parapet yiiksekligine
dahil edilmez.

Rule

Ortak alan olarak kullanilan teras gatilarda; bahge diizenlemesi yapilmasi
halinde merdiven evi yaninda, bina sakinleri tarafindan kullanilmak {izere,
tuvalet, lavabo, ¢ay ocagi, bahce diizenlemesinde kullanilacak malzemeleri
depolamak i¢in merdiven evine bitisik, toplam teras alaninin %10’unu
gegmeyen ve en fazla 3 metre yiiksekliginde ve 20 m? alaninda kapali mekan
olusturulabilir. Kapali mekan bina 6n cephesine 3 metreden fazla
yaklagamaz.

Rule

2.¢.2

Ayrica rezidans, otel, apart otel gibi konaklama tesislerinin teras ¢atilarinda
bina cephelerine 3 metreden fazla yaklagmamak, en fazla 1.50 m.
derinliginde olmak ve parapet kotunu asmamak kosuluyla agik havuz
yapilabilir.

Rule

3

Cat1 disina tasmaya dair hiikiimler asagidaki gibidir:

3.a

Merdiven evleri, 1sikliklar, hava bacalari, alin ve kalkan duvarlari ¢ati
ortiisiinii en fazla 0.60 metre asabilir.

Rule

3.b

Ayrica zorunlu olan tesisatla ilgili hacimlerin, gati Ortiisiine paralel olarak
diizenlenmek kaydiyla giinesle su 1siticilarinin ve ¢at1 pencerelerinin gati
oOrtiistinil agmasina ilgili belediyenin imar birimince teknik gereklere gore
uygun goriilecek 6l¢ii ve sekilde izin verilebilir.

Rule

3.c

TSE standartlarina gore projelendirilecek asansor kulelerinin en az
Olgiilerdeki boliimlerinin de ¢at1 Ortlisiinii agmasina izin verilir.

Rule

3¢

Bu fikranin (a), (b) ve (c) bentlerinde belirtilenler disinda bu maddenin
besinci fikrasina gore belirlenecek c¢ati ortiisii diizlemleri disina tagilamaz.

Rule

4

Binalarda ¢at1 arasma/teras gatiya ¢ikmak i¢in en az 0.80x0.80 metre
ebatlarinda kapakli bir bosluk bulundurulur veya genel merdiven gerekli
onlemleri almak kosulu ile ¢atiya kadar devam ettirilebilir.

Rule

5

En yiiksek mahya kotuna dair hiikiimler agagidaki gibidir:

Rule
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akintili besik ¢at1 kurulacagi varsayilarak hesap edilir.

ID Textual Expression of Rule Type
En yiiksek mahya kotu, imar durumunda verilen sagak iist kotuna cati

5a . o) Rule
yiiksekligi eklenerek bulunur.
En fazla ¢at1 yiiksekligi; ayrik binalarda kirma, ikili blok binalarda blogu ile

5.b misterek kirma, iki taraftan da bitisik binalarda ise 6n ve arka cepheye Rule

Tescilli kiiltiir varlig1 binalar, anitsal yapilar, dini yapilar, mimari eleman
niteligindeki kuleler, el¢ilikler, spor tesisleri, konsolosluklar, plan ile korunan

e vb. binalarin ¢atilar1 bu Sl
madde hiikiimlerine tabi degildir.
Madde 35 - Cikmalar
1 Binalarda ada/parsel sinirin1 asmamak kaydiyla en fazla taban alani/yap1
yaklagma simirlar1 diginda;
l.a Yol cephelerinde;
l.a.1 1.50 metreden genis olmamak, Rule
Bolge kat nizami planli alanlar diginda; 5 metreye kadar olan 6n bahgelerde,
laz2 . Rule
parselin yol sinirina 3.50 metreden fazla yaklagmamak,
Cephe boyunca bordiir tas1 iist seviyesi ile ¢ikma alt1 arasindaki en yakin
1.a.3 diisey mesafe higbir noktada 2.30 metreden asag1 diismemek, Rule
sartlartyla acik ve kapali ¢ikma yapilabilir.
1.b Arka cephelerinde;
1.b.1 1.50 metreden genis olmamak, Rule
1b2 Cikmanin en yakin noktasi arka komsu parsel sinirina 5 metreden fazla Rule
" yaklagmamak,
Tabii veya tesviye edilmis zemin ile ¢ikma alt1 arasindaki en yakin diisey
1.b.3 mesafe higbir noktada 2.20 metreden asagi diismemek, Rule
sartlartyla acik veya kapali ¢ikma yapilabilir.
1.c Yan cephelerinde;
1.c.1 1 metreden genis olmamak, Rule
Cikmanin en yakin noktasi yan komsu parsel sinirina 2 metreden fazla
1l.c.2 Rule
yaklagmamak,
Tabii veya tesviye edilmis zemin ile ¢ikma alt1 arasindaki en yakin diigsey
1.c.3 mesafe hicbir noktada 2.20 metreden asagi diismemek, Rule
sartlariyla yalniz a¢ik ¢ikma yapilabilir.
1.¢ Yesil veya iskan harici (yerlesme dis1) alanlara bakan cephelerinde;
1.¢.1 1.50 metreden genis olmamak, Rule
162 Tabii veya tesviye edilmis zeminle ¢ikma alt1 arasinda en yakin diisey mesafe Rule
" higbir noktada 2.20 metreden asag1 diismemek,
Cikmanin en yakin noktasi, yesil ve iskan harici alan sinirina 3.50 metreden
1.¢.3 fazla yaklagsmamak, Rule
sartlar ile kapal ¢ikma,
Cikmanin en yakin noktasi, yesil ve iskan harici alan sinirina 2 metreden
1.¢.4 fazla yaklasmamak, Rule
sartlar1 ile acik ¢ikma yapilabilir.
2  (Cikmalara ait sinirlamalar ve istisnalar;
2a Bu maddenin birinci fikrasinda belirtilen hiikiimler dahilinde binalarin bitisik Rule

olmayan cephelerinde yapilacak ¢ikmalar, cepheler boyunca devam edebilir.

127



Textual Expression of Rule

Type

Bitisik olan cephelerde

cikmalar bitisik sinira en fazla 2 metreye kadar yaklagabilir. Ayrica bitisik
nizam parsellerden birinde bina inga edilmis ve ¢ikmalar ortak sinira kadar
yanagtirilmis ise ayni1 sartlarda olmak iizere komsu parselde insa edilecek
binanin ¢ikmalari da bu sinira yanagtirilabilir.

2.b

Bina arka cephelerinde bu Y 6netmelikten dnce yiiriirliikte olan Y6netmelik
hiikiimleri dahilinde yap1 ruhsati alinarak bitisik sinira kadar ¢ikma yapilmis
olan ikili veya blok binalarda, bu maddenin birinci fikrasinin (b) bendindeki
hiikiimlere bagli kalinmaksizin ilgili belediye imar biriminin etiidiine gore
acik veya kapali ¢ikma yapilmasina izin verilebilir.

Rule

2.C

Bina taban alaninin tiimii kullanilmadan yapilan binalarda bu maddede
belirlenen diger hiikiimlere uyulmak sarti ile en fazla taban alani ve yapi
yaklagma sinirlart i¢inde kalan yerlerden yararlanilarak ¢ikma genisliklerinin
artirilmas1 miimkiindiir.

Rule

Bahgenin tiimii yol egiminde tesviye edilen, arka yoldan yiiz alan arka yol
cephelerinde, bu maddenin birinci fikrasinin (a) bendindeki hiikiimleri
uygulanir.

Rule

2.d

Bitisik ve blok nizama tabi yerlerde, ilgili belediyece sakinca goriilmedigi
takdirde, ¢ikmalarin yan komsu sinira kadar yaklastirilmalarina izin
verilebilir. Ancak komsu ortak ki-simlar duvarla kapatilir.

Rule

2.e

Ilgili belediyeler, binalarin cephelerine konulmak istenen klima yerlerinin
tespitine ve son kattan sonra diizenlenen tesisat alanlarinin da binanin
mimarisine uygun bir sekilde kapatilmasina yetkilidirler.

Rule

2.f

Ayrik nizam emsalli parsellerde; zemin katta bina taban alanina katilmayan
bosluklar olusturuldugunda, normal katlarda bu bosluklar iizerinde yapilacak
¢ikmalar arasindaki uzaklik 3 metreden az olamaz.

Rule

Asagida yapilanma sartlar1 belirtilen bina ¢ikma ve ¢ikintilari, gikmalar ile
ilgili hitkkiimlere bagh degildir.

3.a

Dosemesi tabii/tesviye edilmis zemin kat seviyesinde olan kat da dahil kendi
parsel siirini tasmamak, kapali bir hacim olusturarak insaat alanini
biiyiitecek nitelikte olmamak iizere; cepheden itibaren genisligi en fazla 0.40
metre olmak kaydi ile binalarin tiim katlarinin cephelerinde motif ¢gikmalar
ve denizlikler yapilabilir.

Rule

3.b

Parsel sinirlari i¢inde veya disinda, ¢gikma yapilamayan yerlerde bina cephe
hattindan itibaren, kapali ¢ikma tertip olunabilen yerlerde kapali ¢gikmalara
ilaveten, kapali bir hacim olusturarak ingaat alanin1 biiyiitecek nitelikte
olmamak iizere genisligi 0.40 metreyi agsmayan giines kiricilar yapilabilir.
Acik ¢ikma yapilabilen yerlerde giines kiricilar ¢ikma ucunu 0.20 metreden
fazla agmamak kaydi ile tertip edilebilir.

Rule

3.c

Yola bakmayan cephelerde giris kopriileri;

3.c.l

Binalara girisin/¢ikisin koprii seklinde yola baglanmasi zorunluluk oldugu
takdirde, koprii genisligi 1.50 metre olacaktir. Bu kdpriilerin bina yan
cephesine bitisik ve konsol olarak insalar1 zorunludur.

Rule

3.c.2

Kopriilerin alt1 hi¢bir surette kapali hacim yapilarak kullanilamaz.

Rule

3.c.3

Tabii zeminden kotlandirilan parsellerde kopriilii giris yapilamaz. Giris tabii
zemine uyumlu olarak diizenlenecek merdiven ve rampalarla saglanir.

Rule
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Textual Expression of Rule Type

Egimden kaynakli zorunluluk halinde 1lgili belediyesince giris koprusune 1zin
verilebilir.

3.c4

Tabii zeminden kotlandirilan parsellerde, engellilerin bodrumdan/zemin
katlardan bina girisini saglamak iizere komsu parsellere zarar vermeyecek Rule
sekilde en az rampa 6lgiilerinde tesviye yapilabilir.

3.c.5

Binalara girisi saglayan koprii ve giris seridi ile yaya kaldirimm ve bina girisi
arasinda kot farki oldugu durumlarda veya binalara girisin merdivenle
saglanmasinin zorunlu oldugu

hallerde, merdivenlerin yani sira, engellilerce de kullanilmak amaciyla,
kaymay1 onleyen d6-seme kaplamali, tekerlekli sandalye ve koltuk degnegi

Rule

hareketlerini gliglestirmeyen standardina uygun rampa yapilmasi zorunludur.

Madde 36 - Sacaklar

Parsel sinirlari i¢inde kalmak kaydiyla blok/bitigik nizam binalarda sagak

L genisligi 1 metreyi, ayrik nizam binalarda ise 1.50 metreyi agamaz. Rl
Binalarin sagaksiz olmasi veya sagak genisligi hakkinda ¢evresindeki ve

2 bitisigindeki binalar ile mimari ahenk temin edecek sekilde karar almaya Rule
ilgili belediyenin imar birimi
yetkilidir.

3 Tescilli binalar ile sefaret, cami vb. binalarin sagak 6l¢ii ve nitelikleri bu Rule
madde hiikiimlerine bagh degildir.
Mevcut sagakli binalara ek kat yapildig: takdirde, bu sagaklar bu

4 Yonetmeligin ¢ikmalarla ilgili hiikiimlerine gore diizeltilmedikce yap1 Rule
kullanma izni verilmez.
Bina cephesinden itibaren uzunlugu parsel sinirini, genisligi 2.50 metreyi

5 gegmemek kaydiyla en algak noktasi tretuar kotundan en az 2.50 metre Rule

yiikseklikte giris sagaklar1 yapilabilir.

Madde 37 - Isiklik, havalik ve hava bacalari

1

Isiklik ve hava bacalarindan yararlanma esaslar1 asagidaki gibidir:

la

Konutlarda;

lal

Oturma ve yatak odalari ile mutfak, yikanma yeri ve merdiven evinin

dogrudan di-saridan 151k ve hava almalar1 genel esastir. Rk

l.a.2

Her bagimsiz boliimde en az 1 oturma odasi, 1 yatak odasi ve mutfak

dogrudan dis cepheden hava ve 1s1k almak zorundadir. Diger odalar ile

merdiven boslugunun 1sikliklardan; yikanma yeri, tuvaletler ile yatak odasi Rule
ve mutfak niglerinin nitelik ve dlgiiler agisindan islevine uygun 1siklik,

havalik ve hava bacalarindan faydalanmalari miimkiindiir.

1b

Umumi binalarda;

1b.1

Umumi binalarda dogalgaz 1sitma cihaz1 konan oda disindaki her tiirlii

oo Rule
mahallin dog-rudan ve digaridan 151k ve hava almasi esas1 aranmaz.

En az 1s1klik dl¢iileri;

Binalarda 151k ve havayi 1sikliktan saglayan odalarin olmasi halinde,
yararlanan kat sayisina gore gereken 1siklik en az dl¢iileri asagidaki gibi
olacaktir. Bu dlciiler emsalli parsellerde en fazla %20 arttirilabilir.
Yararlanan Kat Sayis1 Dar Kenar1 Alan
(En ¢ok) (En az, metre) (En az, metrekare)
2 1.00 3.00

Rule
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Type

Sllaéd 1.50 4.50
S5ila7 1.50 6.00
8 ve daha yukari 2.00 9.00

2.b

Cephelerle irtibatli olarak diizenlenen 1sikliklar en az alan kaydina baglh
olmayip yalniz en az genislik sart1 aranir.

Rule

2.C

Yararlanilan kat sayisindan; 1sikliktan yararlanan en alt kattan itibaren
iistiindeki (asma kat da dahil) pencere agilsin agilmasin tiim katlarin
toplamianlagilmalidir.

Rule

En az havalik bacasi 6l¢iileri agagidaki gibidir.

3.a

Isikliga bakmayan held ve banyolar asgari 0.60 x 0.60 metre kesitinde bir
havaliga veya sartlar1 bu maddenin dokuzuncu fikrasinin (a) bendinde
belirtilen hava bacalarina baglanabilir.

Rule

3.b

Biitiin binalarda hela ve banyolarin, suni 1siklandirma ve havalandirma
tesisatindan yararlanmak suretiyle 1s1klik, havalik veya hava bacasina
baglant1 yapilmadan diizenlenmeleri miimkiindiir. Ancak, bu gibi tesisata
gerekli yerler ayrilmis olmali ve bu tesisata ait proje mimari projeyle birlikte
onanarak uygulanmalidir.

Rule

Ortak merdiven 1sikliklari;

4.

Iskan edilebilir bodrum katlar dahil, {i¢ katl1 binalarda merdivenler igin
merdiven boslugunun tizeri tamami agilmak kaydi ile ¢atidan 151k temin
edilebilir. iskan edilmeyen bodrum katlar harig ii¢ kattan fazla binalarda,
1s1kliga baska oda/boliim agilmayip sadece merdiven penceresi agildigi
takdirde, 1s1kligin dar kenar1 1 metreden az olmamak sart1 ile alan1 en az 2.50
metrekare olabilir.

Rule

4.b

Ayrica asansor boslugunu merdiven kovasinda yapmamak, merdiven
boslugunun tamami cam sathi ile aydinlatilmak sart1 ile dar kenar1 0.50 metre
ve alani 2 metrekareden az olmayan merdiven kovasi olan merdivenlerin 15181
merdiven bosluguiizerinden verilebilir.

Rule

4.c

Bir ailenin oturdugu bagimsiz boliim i¢indeki merdivenlerde 1s1klik
zorunlulugu yoktur.

Rule

Isiklik, havalik ve hava bacalarinda aranan nitelikler;

5.a

Isiklik, havalik ve hava bacalarinin tizeri havalandirmay1 6nleyecek sekilde
veya aydinligi kesici bir malzeme ile ortiilemez. Isiklik, havalik ve hava
bacalarinin en az alani i¢inde merdiven, asansor, balkon, baca gibi seyler
yapilamaz. Isikliklarm icerisine agik renk boya veya badana yapilmasi
zorunludur.

Rule

5.b

Isikliga basladigi kattan giris temini sarttir.

Rule

Isiklik, havalik ve hava bacalarindan faydalanma sartlari;

6.a

Bir havaliktan her katta en ¢ok dort oda/boliim faydalanabilir. Ancak, sandik
odasi, yatak holil, giris gibi 151k ve hava almasi zorunlu olmayan veya gerekli
151k ve havay1 esasen bu Yonetmelikte tarif edilen sekilde alan boliimlerden
herhangi birinden 1s1klik ve havaliga fazladan pencere a¢ilmasi bu 1siklik ve
havaligin 6l¢iilerinin arttirilmasini gerektirmez.

Rule

6.b

Kapali merdiven 1sikligia bir havaliktan yararlanabilecek sayida veya daha
az hela ve banyo penceresi acildig1 takdirde, 1s1klik alan1 en az 0.36
metrekare arttirilir.

Rule
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Type

ID Textual Exeression of Rule
Isiklik ve havaliklar bunlara ihtiya¢ olan kattan; havaliklar, 1stenilen en az i¢

6.c

yiikseklikler ve pencere imkani saglanmak sarti ile tavandan da baglayabilir.

Rule

Mevcut binalara kat ilavesinde 1s1klik dl¢iileri; bu Yonetmeligin yiiriirlige
girmesinden Once yiiriirliikteki mevzuata uygun olarak insa edilmis yapilara

bu Yonetmelik hiikiimlerine gore en ¢ok iki kat ilavesi miimkiin olan hallerde

mevcut 151klik dlciileri ilave katlar icin de aynen uygulanabilir.

Rule

8

Bitisik, blok ve ikili blok binalarda 1siklik;

Bitisik, blok ve ikili blok binalar, 1gikliklar karsi karsiya getirilmek ve
miisterek proje tasdik ettirilmek sartiyla bir bina gibi degerlendirilir. Ancak

8.2 bunlarn aralarina ¢ekilecek duvar, yararlanilan en alt katin tavan seviyesini

asamaz. Ayrica, miisterek diizenlenen 1s1klik komsu parsel sinirina 1
metreden daha az yaklagsamaz.

Rule

Binalarin bitisik olmasi gereken komsu tarafinda boydan boya ve 6n veya
arka cepheler ile irtibatli 151klik yapildig: takdirde, civarin yap1 nizamina
aykir1 bir goriiniis meydana

getirmemek i¢in 151kligin oniindeki sokak cephesi ilgili belediyenin imar
birimince uygun goriilecek sekilde bina ile uyumlu bir cephe eleman ile
kapatilabilir.

Rule

9

Hava bacalari;

Imar durumuna gére kat sayisi en fazla 2 ve sacak seviyesi 7.50 metre olan
binalarda en az dl¢iileri 0.45 x 0.45 metre olan hava bacalar1 yapilabilir. Bu
tiir hava bacalarindan her

katta en fazla iki boliim yararlanabilir.

Rule

Imar durumuna gore kat sayisi ne olursa olsun dar kenari en az 0.60 metre
olan hava bacalar1 yapilabilir. Bunlardan yalnizca, her katta en fazla dort
olmak iizere, dogalgaz 1sitma cihazi konulmamak kaydiyla, dogrudan hava
almayan mutfak nisleri yararlanabilir.

Madde 38 - Cop Bacalari

Binalarda ¢&p bacasi yapma zorunlulugu yoktur. Istenildiginde ¢op bacalari
yapilabilir. En az 6l¢iileri zedelememek kaydi ile aydinliklar icerisinde de
diizenlenebilecek ¢op bacalarinin zemin veya bodrum katlarindaki ¢op
toplama yerlerinin bagimsiz bag-lantilarinin bulunmasi ve kapak i¢
kisimlarinin, higbir maddenin sizmasina olanak vermeyecek sekilde
yapilmasi zorunludur.

Rule

Rule

2

(Cop bacalarinin projelendirme ve diizenlenmesinde TS 2166°’ya uyulacaktir.

Madde 39 - Kuranglezler

Parsel sinir1 iginde kalmak ve binaya bitisik olmak sartiyla binalarin tabii
zemin altinda kalan boliimlerine dogal 151k ve havalandirma saglamak
amaciyla en az 0.80 m en fazla 1.20 m genislikte, boyu yapildig1 pencere
genisligini 0.50 m fazla gegmeyen, derinligi azami 2.00 m olan, kuranglez
yapilabilir.

Rule

Rule

Bina etrafinda miitemadi kuranglez tesis edilemez. Kuranglezlerden giris
¢ikis yapilamaz. Ancak, yol cephesinde bulunmayan kuranglezlerden kacis
amaciyla ¢ikis tertiplenebilir. Kuranglezler, havalik ve en az alan sartin
saglamak kaydiyla konutlarda hela ve yikanma yeri, ticari amagl

Rule
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kullaniglarda 1se bunlara i1laveten muttagin havalandiriimasi i¢in
kullanilabilir.

3

Sanayi bolgelerinde bodrum katlarin imalathane olarak tertiplenmesi halinde,
yol cephesi disindaki cephelerde kuranglez genislikleri 1.20 m olarak Rule
diizenlenebilir.

Madde 40- Duman Bacalar1

1

Baca yapma zorunlulugu;

la

Merkezi ve ferdi 1sitmal1 binalarin konut olarak kullanilan bagimsiz
boliimlerinde mutfak ve banyo disinda kalan en az bir odasinda/bdliimiinde
ve konut dis1 amagli diizenlenen her bagimsiz boliimiinde ve umumi binalarin
ise her katinda en az bir baca yapilmasi zorunludur.

Rule

lal

Ancak, binalarin konut olarak kullanilan bagimsiz boliimlerinde; banyoya,
sofben, kombi veya merkezi sistemle sicak su saglanmasi halinde burada
sicak su sistemine ait ayri

bir bagimsiz baca yapilmayabilir.

Rule

l.a.2

Dogalgazla 1sitilan konut binalariin her bagimsiz bdliimiinde, mutfakta

yapilan baca haricinde bir mekanda en az bir baca yapilmasi zorunludur. A

1b

Sobal1 binalarin konut olarak kullanilan bagimsiz bdliimlerinde mutfak ve
banyo di-sinda en az 2, konut dis1 amagl kullanilan bagimsiz béliimlerde ise  Rule
en az 1’er adet duman bacasi yapilmasi zorunludur.

l.c

10 kat ve tizeri ylikseklikteki merkezi 1sitmal1 binalar i¢in duman bacasi

yapilmasi istege baglidir. Rule

Bacalarda uyulmasi zorunlu hiikiimler asagidaki gibidir:

2.a

Adi bacalar: Tek kolon halinde zeminden catiya kadar yiikselen, birden fazla
birimin kullanabilecegi sekilde tasarlanmis bacalara adi baca denir. Bu tip Rule
bacalara dogalgaz cihazlar1 baglanmaz.

2.b

Ortak (Sont) bacalar: Zeminden catiya kadar yiikselen ana baca ve buna
baglanan her birime ait brangsmanlardan meydana gelen bacaya ortak (sont) Rule
baca denir. Bu tip bacalara dogalgaz cihazlar1 baglanmaz.

2.C

Miistakil (Ferdi) bacalar: Tek kolon halinde hitap edecegi birimden ¢atiya
kadar yiikselen ve sadece bir birimin kullanimina gore tasarlanmis bacalara
miistakil baca denir. Bacali cihazlar, sadece miistakil bacalara baglanabilir.
Asgari etkili baca yliksekligi 4 metre olmalidir. Hizlandirma pargasinin, 1
metre ve iistiinde olabildigi durumlarda bu mesafenin 1.5 katina esit bir etkili
yiikseklik yeterlidir. Atik gaz borular1 baska kat hacimleri i¢erisinden ve
baska oturma

mabhalleri i¢erisinden gegirilmemelidir. Bacalar 1s1, yogusma ve yanma
iiriinlerinden etkilenmeyecek malzemeden ilgili standartlara (TS EN 1856-1,
TS EN 1856-2, TS EN 1447, TS EN 13063-1, TS EN 13063-2 veya TS EN
14471) uygunluk belgesine sahip malzemeden imal edilmelidir. Yogusmali
tip dogalgaz yakici cihazlara ait bacalar, ilgili standartlara uygun olmalidir.

Rule

2.¢

Kat sayisia bakilmaksizin mutfaklarda kokularin atilmas1 amaciyla

yapilacak bacalar sont olabilir. Atk

2.d

Aspiratorler gaz ve duman bacalarina baglanamaz. Rule

2.e

Baca detaylar1 mimari proje ve betonarme kalip planlar iizerine olgiileri ve Rule
uygun Olgekte detaylari ile birlikte islenecektir.
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ID Textual Expression of Rule Type
o f Ilgili dogalgaz idaresinden onayli dogalgaz projeler: 1le mimari/statik Rule
" projelerinin uygunlugu denetlenmeden yapi izni verilemez.
Sofben, kombi vb. dogalgaz cihazlar1 hayati tehlike arz edecek sekilde
2.9 yerlestirilemez ve banyo, yatak odalari ile hacmi 8 metrekiipten az olan Rule
yerlerekonulamaz.
25 Dogalgaz cihazlariin bulundugu yerlerin dis cepheden havalandirilmasi Rule
£ zorunludur,
Bacalarin 6l¢iilendirilmesinde, projelendirilmesinde ve yapiminda TSE
standartlar1, 5/12/2008 tarihli ve 27075 sayili Resmi Gazete’de yayimlanan
2h Binalarda Enerji Performansi Yonetmeligi, Binalarin Yangindan Korunmasi Rule
" Hakkinda Yénetmelik, 18/9/2002 tarihli ve 24880 sayili Resmi Gazete’de
yayimlanan Dogal Gaz Piyasasi I¢ Tesisat Yonetmeligi ve ilgili kamu
kuruluslariin sartname hiikiimlerine uyulmasi zorunludur.
Bacalarin iizerine temizlenmesine engel teskil etmeyecek sekilde sokiilebilir
2.1 Rule
ve standardina uygun sapka takilacaktir.
. Miistakil dogalgaz bacalar1 désemeden baslamali, dip kisimlarinda temizlik
2. g Rule
kapagi bulunmali ve bu kapaklar tam sizdirmaz olmalidir.
2. Her bir sont baca koluna sadece bir cihaz baglanabilir. Rule
3 Baca 0lgii ve nitelikleri;
Bacalar gerek yangina kars1 korunmusluk, gerek ¢ekis bakimindan teknik ve
3.a . Rule
fen kurallaria uygun sekilde yapilacaktir.
Iki baca birbirine baglanamayacag gibi her ates kaynaginin ayr1 bir bacasi
3.b Rule
olacaktir.
Duman bacalarinin dis duvari en az 0.19 metre i¢ bolmeleri en az 0.135 metre
3.c Rule
olacaktir.
3.¢ Duman bacalari ¢ati ortiislinil en az 1 metre, mahyay1 0.80 metre asacaktir. Rule
Cat1 konstriiksiyonu ister ahsap, ister ¢elik olsun, bacalara en ¢ok 0.05 metre
3.d : . o : Rule
yakla-sacak sekilde projelendirilecektir.
Baca gegen mekanlarda, baca ile temas edecek sekilde ahsap kaplama ve
3.e ) . 9 Rule
dolap yapilacak ise aralarinda gerekli yalitim saglanacaktir.
Bitisik, blok ve ikili blok binalarda asagida kalan ve komsu binaya 6
3.f metreden yakin bacalarin, yiiksek olan binanin mahyasindan 0.80 metre Rule
yukari ¢ikarilmasi zorunludur.
3.0 Etkili baca yiiksekligi en az 4 metredir. Rule
3.5 Baca kesiti dairesel veya kare kesit secilecek, dikdortgen kesitli ise kiiciik Rule
© Kenarmn biiyiik kenara orani 2/3’ten biiyiik olacaktir.
Duman bacalar1 3000C, kazan baca duvarlari 5000C sicakliga dayanikli
3.h  malzemeden yapilmali, baca duvarlarinda delikli tugla ve briket Rule
kullanilmamalidir.
Biitiin dogalgaz cihazlarinin baglandigi bacalarin, 1sitilmayan dis sartlara
31 < Rule
maruz duvarlarinda yogusmaya kars1 1s1 yalitimu yapilacaktir.
Tim bacalar paslanmaz gelikten veya yangina, asinmaya ve sizdirmaya karsi
3i dayaniklilig1 kanitlanmis malzemeden yapilacak; yangina, 6zellikle catida Rule

1stya kars1 yalitilacak ve
tugla veya benzeri malzeme ile koruma altina alinacaktir.
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ID Textual Expression of Rule Type
: sént bacanin Kol Boyu en az 1.20 metre olmalt, 1K1 sont baca bir ana bacaya Rule

3 baglanmamalidir. S6mine bacalari mutlaka miistakil olacaktir.
Madde 41 - Korkuluk ve Parapetler

1 Korkuluk ve parapet yapilacak yerler;
Her tiirlii yapida, balkon ve teraslarin etrafinda, 5’ten fazla basamakli agik
merdivenlerde veya bu durumdaki rampalarda, istinat duvarlari {izerinde, her
ne sebeple olursa olsun bu Ydnetmeligin yiiriirliige girmesinden 6nce 6n
bahgeleri yaya kaldirimi seviyesine gore 0.50 metreden daha asagida tesekkiil
etmis parsellerde yol kenarma bahge duvart yapilmadig: takdirde
korkuluk/parapet yapilmasi zorunludur.

Denizlik yiiksekligi 0.90 metreden az olan pencerelerde bu yiikseklikte fen
1.b ve teknik gereklere uygun korkuluk yapilacak veya dogramada sabit bir kayit Rule
gecirilecektir.

Istenildiginde binalarmn sagak seviyesi iizerine bina yiiksekligine dahil
olmayan parapetler yapilabilir.

Denge bacali dogalgaz sobalarinin monte edildigi duvar boliimlerinde
denizlik yiiksekligi 0.90 metreden az olamaz. Dogalgaz baca ¢ikisi olan
pencere parapetlerinin oniine isabet

eden acik ¢ikmalarin 6n ve yan cephelerinde duvar veya parapet olmayacak,
bunlarm etrafi hava hareketini engellemeyecek sekilde korkulukla
cevrilecektir.

2  Korkuluk veya parapet yiikseklikleri ve nitelikleri;
2a Korkuluklarin/parapetlerin en az yiiksekligi; doseme, basamak veya istinat
" duvarinin tuttugu toprak seviyesinden itibaren 1.20 metredir.

Cat1 parapetinin yiiksekligi 1.20 metreyi asamaz. Cati altinda yapilan kalkan
ve alin duvarlar1 bu kayda tabi degildir.

Y1gma duvar malzemesi ile yapilan parapet/korkuluklarin duvar yiiksekligi

0.60 metreden fazla olamaz.

Korkuluklar, kirillmaz veya kirilldiginda dagilmayan malzemeden ve insan
2.¢ carpmasi dahil, tasarim yiiklerini karsilayacak tasiyici malzeme ve montaj Rule
sistemleri ile yapilir.
Korkuluklar diisme, kayma, yuvarlanma gibi sebeplerle insanlarin 6zellikle
cocuklarin can giivenligini tehlikeye atacak bosluklar igermeyecek sekilde
2.d diizenlenir. Bosluklarda, Rule
yiik altindaki deformasyonlar da dahil, en fazla 0.10 metre ¢apinda gecise
izin verilir.
1 Biitiin yapilarda;
l.a Kapi yiikseklikleri 2.10 metreden, Rule
1b Kapi net (temiz) genislikleri bina giris kapilarinda 1.50 metreden, kapilarin Rule
" ¢ift kanatli olmasi halinde bir kanat 1.00 metreden,
Bagimsiz boliim giris kapilarinda 1.00 metreden, diger mahallerin
1.c kapilarinda 0.90 metreden, Rule
az olamaz. Balkon ve tuvalet kapilar1 0.80 metreye diisiiriilebilir.
Doner kapilar, belirtilen 6lciilerde yapilacak normal kapilarin yaninda ilave
olarak bulunabilir.

la Rule

l.c Rule

l.¢ Rule

Rule

2.b Rule

2.C Rule

l.g¢ Rule
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ID Textual Expression of Rule

Kapllaraa es1E yap1|amaz. Esik yapilmasi zorunlu hallerde engellilerin

2

Type

hareketini, yangin ¢ikislarini ve benzeri eylemleri engellemeyecek
onlemleralinir.

Rule

Pencerelerde, Binalarda Enerji Performansi Yonetmeligine ve TSE
standartlarina uyulmasi zorunludur.

Rule

Bitisik ve blok nizama tabi binalarda komsu parsel sinir1 tizerindeki bitisik
duvarlarda pencere ve kapi agilamaz.

Rule

5

Asansorlil esya tasimaciligl i¢in, 3 kattan fazla 10 kattan az katli binalarda
her bir bagimsiz boliimiin en az bir balkonunun kapisinin eni net 0.90
metreden diisiik olamaz.

Rule

Bagimsiz boliimiin tuvalet, banyo ve benzeri 1slak hacimlerinde mekanik
havalandirma yapilmadigi takdirde yapilacak havalandirma penceresinin
Olgiisii net 0.30 metre x 0.30 metreden az olamaz.

Rule

Atriumlu, galeri bosluklu veya i¢ bahgeli tasarlanan binalarda, bu mekanlara
bakan pencere veya camekanlarin camlariin kirildiginda dagilmayan
ozellikli olmasi zorunludur.

Rule

Bodrum katlardaki mekanlarin giin 151831indan faydalandirilmasi ve
havalandirilmasi amaci ile yapilan pencerelerde sel, taskin ve su baskinlarina
karsi tedbirlerin alinmis olmasi ve bunlarin zemin seviyesinden en az 0.10
metre yukaridan baglamasi zorunludur.

Madde 43 - Bah¢e Duvarlar

1

Bahge duvarlari yapilabilen parsellerde 6n bahge duvarlari;

Rule

la

On bahge duvarlarmin yol iistiine isabet eden kisimlarinin yiikseklikleri
harpusta dahil 0.50 metreyi gecemez. Bu duvarlarin {izerine ayrica goriisii
kapatmayacak, can giivenligini tehdit etmeyecek sekilde 1 metre
yiiksekliginde parmaklik veya seffaf korkuluklar yapilabilir.

Rule

1b

Egimli yerlerde 6n bahge duvarlarinin yiiksekligi yaya kaldirimindan 1.50
metreyi asmamak iizere uygun goriilecek sekilde kademelendirilebilir.

Rule

l.c

Bahge duvarlarinin yola bakan 6n, yan ve arka bahgelerdeki diger boliimleri
de yol iistiine isabet eden kisim gibi devam eder.

Rule

Yan ve arka bahge duvarlari;

2.4

Yan ve arka bahce duvarlarinin tabii veya tesviye edilmis zeminden
yiiksekligi 1 metreyi gegcemez. Ayrica bu duvarlarin lizerine goriise engel
olmayacak sekilde 1 metre yiiksekliginde parmaklik veya seffaf korkuluklar
yapilabilir.

Rule

On bahge duvar1 yapilmasi yasak / simirli parseller;

3.a

Yaya bolgelerindeki parsellerin yollara bakan bahgelerinde higbir suretle
bahge duvar yapilmaz.

Rule

3.b

Zemin veya bodrum katlarinda diikkan da dahil ticari amagli kullanim olan
binalarda yola bakan bahg¢elerde bahc¢e duvari veya yayalarin can emniyetini
tehlikeye diisiirecek manialar yapilamaz.

Rule

3.c

On bahge mesafesi 7 metre ve daha dar olup otopark olarak kullanilan
parsellerde, 6n bah¢ede bahge duvari ile benzeri mania yapilamaz; 7
metreden daha fazla 6n bah¢e mesafesi

bulunan yerlerde ise parsel hududundan itibaren 5 metre birakilarak geriye
kalan boliimde sadece bitkisel ¢it yapilabilir.

Rule
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ID Textual Expression of Rule

Devletin gﬁvenlll( ve emniyeti 1le harekat ve savunma bakimindan gizlilik

Type

veya onem arz eden bina ve tesisler ile okul, hastane, cezaevi, ibadet yerleri,
el¢ilik ve benzeri 6zellik arz eden bina ve sanayi tesislerinin ¢evresindeki
bahge duvarlari ¢evreye uyum saglamak ve komsu parseller i¢in sakinca
dogurmamak iizere ilgili belediyenin imar birimince uygun goriilen sekil ve
yiikseklikte bu madde hiikiimlerine bagl olmadan yapilabilir.

Rule

5

Bahge duvarlari parselin ruhsat eki mimari projesine iglenerek yapilabilir.

Rule

Bahge duvarlari ve temelleri istinat duvari olarak yapilsalar dahi, yola
tecaviiz edemezler.

Rule

Yi1gma duvar malzemesi ile yapilan bahce duvarlarinin yiiksekligi
dogal/tesviye edilmis zeminden 1 metreden fazla olamaz.

Madde 44 - Kapic dairesi ve bekgi odasi

1

Kapici dairesi ve bekei odasi yapilacak binalar;

Rule

la

Konut kullanimli bagimsiz boliim sayis1 40°tan fazla olan ve kat1 yakit
kullanan kaloriferli veya kalorifersiz binalar i¢in bir adet kapici dairesi
yapilmasi zorunludur. Birden fazla

yap1 bulunan ve toplam konut kullanimli bagimsiz boliim sayis1 40’tan fazla
olan parsellerde de bu hiikiim uygulanir, ancak konut kullanimli bagimsiz
boliim sayisinin 80°i asmasi halinde ikinci bir kapici dairesi yapilir. ilave her
80 daire i¢in ek bir kapici dairesi yapilir. Ayrica, birden fazla yapinin
bulundugu parsellerde 60’tan fazla konut kullanimli bagimsiz boliimii olan
her bir bina i¢in mutlaka ayr bir kapici dairesi yapilir.

Rule

1b

Kat1 yakit haricindeki diger 1sitma sistemleri kullanilan konut kullanimli
binalar i¢in konut kullanimli bagimsiz boliim sayisinin 60°tan fazla olmasi
halinde bir, 150’den fazla olmasi halinde 2 kapici dairesi yapilmasi
zorunludur. ilave her 150 daire igin ek bir kapici dairesi yapilir.

Rule

lc

Sira evler diizeninde, ayrik, ikiz nizamda tek bagimsiz bolimli 1°den fazla
miistakil konut binasi bulunan parsellerde kapici dairesi yapilmasi
mecburiyeti aranmaz.

Rule

l.¢

Yapi ingaat alan1 2000 m? ’den fazla olan igyeri ve biiro olarak kullanilan
binalarda bekgi odas1 yapilmasi sarttir.

Rule

Kapici dairelerinin ve bek¢i odalarinin 6l¢ii ve nitelikleri;

2.2

Kapici daireleri, dogrudan 1s1k ve hava alabilecek sekilde diizenlenir.

Rule

2.b

Taskin riski tasiyan alanlarda kalan binalarda diizenlenecek kapici
dairelerinin kap1 ve pencere bosluklarinin alt seviyesi su tagkin seviyesinin en
az 1.50 metre lizerinde olmak zorundadir.

Rule

2.C

Kapici dairelerinin topraga dayali ve iskan edilebilen bodrum katlarda
yapilmasi halinde, oturma odasi1 ve bir yatak odasinin dis mekana agilmasi,
bu mekanlarin taban désemesinin {ist seviyesinin tabii veya tesviye edilmis
zemine gomiilii olmamasi, kap1 ve pencere agilmak suretiyle, dogal
aydinlatma ve havalandirmasinin saglanmasi, sel, taskin ve su basmasina
kars1 6nlem alinmis olmasi zorunludur. Kapici dairelerinin topraga gomiilii
duvarlarinda kuranglez yapmak suretiyle kap1 ve pencere agilamayacagi gibi,
bu duvarlarda pencere acilabilmesi i¢in pencere denizliginin tabii zeminden
veya tesviye edilmis zeminden en az 0.90 metre yukarida konumlanmasi
gerekir.

Rule
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= Bina icinde diizenlenen kapici daireleri, en az brit 60 m?’dir. Kapici
dairelerinde, her birisi en az 9 m? ve dar kenari en az 2.50 metre olmak tizere
2.¢ 2 yatak odasi ve 12 m*’den az Rule
olmamak iizere 1 oturma odasi, en az 3.30 m? mutfak ve banyo veya dus yeri
ve tuvalet bulunur.
2d Bir parselde birden fazla yap1 bulunmasi halinde, yapilmasi zorunlu kapici

daireleri orantili bir sekilde parseldeki binalar arasinda dagitilir. Sl
Isyeri ve biiro olarak kullanilan binalarda yapilacak bekgi odasi en az 4 m>
3 biiyiikliiglinde, dogrudan 151k ve hava alabilecek sekilde diizenlenir. Bekgi Rule

odasinda en az 1.5 m? ’lik

bir tuvalet yer alir.
Uzerinde birden fazla yap1 yapilmas1 miimkiin ve yiizélgiimii en az 1000 m>
olan parsellerde, istenmesi halinde, trafik emniyeti bakimindan tehlike arz

. etmemek ve hicbir sartta parsel sinirin1 asmamak kaydiyla bah¢e mesafeleri Sl
icinde kontrol kuliibesi yapilabilir.

2 Kontrol kuliibesi 9 m? ’yi gegemez. Rule
Kontrol kuliibesinin yiiksekligi tabii veya tesviye edilmis zeminden itibaren

3 : Rule
en fazla 4.00 metredir.

4  Kontrol kuliibesi ile esas bina arasindaki mesafe 2.00 metreden az olamaz. Rule

5 Devletin giivenligi bakimindan 6zellik arz eden parsellerde bu maddede Rule

belirtilen 6l¢iilere uyulma sart1 aranmaz.
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B. AMHZC Rule Classifications and Interpretability Conditions

Rule Properties

Clause Statement Rule Rule Class Interpretability
C9 ST1 R9.1 Class 1 Interpretable
ST2 R9.2 Class 1 Semi-Interpretable
ST3 R9.3 Class 1 Semi-Interpretable
C10 ST1 R9.1
R9.1.a
R9.1.a.1 Class 2 Interpretable
R9.1.a.2 Class 3 Semi-Interpretable
R9.1.a.3 Class 1 Interpretable
R9.1.a.4 Class 1 Interpretable
R9.1.a.5 Class 1 Interpretable
R9.1.a.6 Class 1 Interpretable
R9.1.a.7 Class 1 Interpretable
R9.1.b Class 1 Semi-Interpretable
R9.1.c Class 1 Semi-Interpretable
R9.1.¢ Class 1 Semi-Interpretable
ST2 R9.2
R9.2.a Class 1 Interpretable
R9.2.b Class 1 Interpretable
R9.2.c Class 1 Interpretable
R9.2.¢ Class 1 Semi-Interpretable
ST3 R9.3
R9.3.a Class 1 Semi-Interpretable
R9.3.b Class 1 Semi-Interpretable
ST4 R9.4 Class 1 Semi-Interpretable
ST5 R9.5
R9.5.a Non-Interpretable
R9.5.b Reference
ST6 R9.6 Class 1 Interpretable
Cl1 ST1 R9.1
R9.1.a Class 2 Interpretable
R9.1.b Class 2 Interpretable
R9.1.c Class 2 Interpretable
R9.1.¢ Class 2 Semi-Interpretable
ST2 R9.2 Class 1 Semi-Interpretable
ST3 R9.3 Class 1 Semi-Interpretable
ST4 R9.4 Non-Interpretable
ST5 R9.5 Class 1 Interpretable
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Rule Properties

Clause Statement Rule Rule Class Interpretability
ST6 R9.6 Class 1 Interpretable
ST7 R9.7 Non-Interpretable
C12 ST1 R9.1 Non-Interpretable
ST2 R9.2 Non-Interpretable
ST3 R9.3 Non-Interpretable
ST4 R9.4
R9.1.a Class 1 Interpretable
R9.1.b Class 1 Semi-Interpretable
R9.1.c Class 1 Semi-Interpretable
ST5 R9.5
R9.5.a Class 1 Semi-Interpretable
R9.5.b Non-Interpretable
R9.5.c Class 1 Interpretable
R9.5.¢ Non-Interpretable
C15 ST1 R9.1 Class 2 Interpretable
ST2 R9.2 Class 2 Interpretable
ST3 R9.3 Non-Interpretable
ST4 R9.4 Class 2 Semi-Interpretable
C24 ST1 R9.1 Class 1 Interpretable
ST2 R9.2 Class 2 Interpretable
ST3 R9.3 Non-Interpretable
ST4 R9.4 Non-Interpretable
ST5 R9.5 Class 1 Interpretable
ST6 R9.6 Class 1 Semi-Interpretable
ST7 R9.7 Reference
ST8 R9.8 Reference
ST9 R9.9 Class 1 Semi-Interpretable
ST10 R9.10 Class 1 Interpretable
ST11 R9.11 Class 1 Interpretable
ST12 R9.12 Class 2 Interpretable
C25 ST1 R9.1
R9.1.a Class 1 Interpretable
R9.1.b Class 1 Interpretable
R9.1.c Class 1 Interpretable
ST2 R9.2
R9.a Class 2 Interpretable
R9.b Class 1 Interpretable
R9.c Class 1 Interpretable
R9.¢ Class 2 Interpretable
ST3 R9.3
R9.a Class 3 Interpretable
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Rule Properties

Clause Statement Rule Rule Class Interpretability
R9.b Class 1 Interpretable
R9.c Class 2 Interpretable
ST4 R9.4
R9.a Class 1 Interpretable
R9.b Class 1 Interpretable
ST5 R9.5
R9.a Class 1 Interpretable
R9.b Class 2 Interpretable
R9.c Class 1 Interpretable
ST6 R9.6 Reference
ST7 R9.7 Class 1 Interpretable
ST8 R9.8 Reference
C26 ST1 R9.1 Class 2 Interpretable
ST2 R9.2 Class 2 Interpretable
ST3 R9.3 Reference
ST4 R9.4 Non-Interpretable
ST5 R9.5 Class 2 Interpretable
ST6 R9.6 Class 2 Interpretable
ST7 R9.7 Non-Interpretable
ST8 R9.8 Reference
ST9 R9.9 Class 1 Interpretable
ST10 R9.10 Non-Interpretable
ST11 R9.11 Non-Interpretable
ST12 R9.12 Non-Interpretable
ST13 R9.13 Reference
ST14 R9.14 Class 1 Semi-Interpretable
c27 ST1 R9.1
R9.1.a Class 2 Semi-Interpretable
R9.1.b Class 1 Interpretable
R9.1.c Non-Interpretable
ST2 R9.2
R9.a Class 1 Semi-Interpretable
R9.b Class 1 Semi-Interpretable
R9.c Class 1 Semi-Interpretable
R9.¢ Class 1 Semi-Interpretable
ST3 R9.3
R9.a Class 1 Semi-Interpretable
R9.b Class 1 Interpretable
R9.c Class 2 Interpretable
R9.¢ Class 2 Interpretable
R9.d Class 1 Interpretable
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Rule Properties

Clause Statement Rule Rule Class Interpretability
R9.e Class 1 Interpretable
R9.f Class 1 Interpretable
R9.9 Class 1 Interpretable
R9.g Class 1 Interpretable
R9.h Class 1 Interpretable
R9.1 Class 1 Interpretable
ST4 R9.4
R9.a
R9.a.1 Class 1 Semi-Interpretable
R9.a.2 Class 1 Semi-Interpretable
R9.a.3 Class 1 Semi-Interpretable
R9.b Class 1 Semi-Interpretable
C28 ST1 R9.1
R9.1.a Reference
R9.1.b Class 1 Semi-Interpretable
R9.1.c Class 2 Interpretable
ST2 R9.2 Class 2 Interpretable
ST3 R9.3
R9.a Class 2 Interpretable
R9.b Class 2 Interpretable
R9.c Class 1 Interpretable
ST4 R9.4 Class 2 Interpretable
C29 ST1 R9.1 Class 1 Interpretable
ST2 R9.2 Class 2 Interpretable
ST3 R9.3 Class 3 Semi-Interpretable
ST4 R9.4 Class 2 Semi-Interpretable
C30 ST1 R9.1 Class 1 Interpretable
ST2 R9.2
R9.2a Class 1 Interpretable
R9.2b Class 2 Interpretable
R9.2¢c Class 2 Interpretable
C31 ST1 R9.1 Class 2 Interpretable
C32 ST1 R9.1 Class 1 Interpretable
R9.1.a Class 2 Interpretable
R9.1.b Class 1 Interpretable
R9.1.c Class 3 Interpretable
ST2 R9.2
R9.a Class 1 Interpretable
R9.b Class 2 Interpretable
R9.c Class 1 Interpretable
R9.¢ Class 1 Semi-Interpretable
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Rule Properties

Clause Statement Rule Rule Class Interpretability
ST3 R9.3
R9.a Reference
R9.b Class 1 Interpretable
R9.c Class 2 Semi-Interpretable
R9.¢ Class 2 Semi-Interpretable
C33 ST1 R9.1 Non-Interpretable
ST2 R9.2 Class 1 Semi-Interpretable
ST3 R9.3 Class 1 Interpretable
ST4 R9.4 Class 1 Interpretable
ST5 R9.5 Class 1 Semi-Interpretable
ST6 R9.6 Non-Interpretable
C34 ST1 R9.1 Non-Interpretable
R9.1.a Class 1 Interpretable
R9.1.b Class 1 Interpretable
R9.1.c Class 1 Interpretable
R9.1.¢ Class 1 Interpretable
ST2 R9.2
R9.2.a Class 1 Interpretable
R9..a.1 Class 1 Interpretable
R9..a.2 Class 1 Interpretable
R9..a.3 Class 1 Interpretable
R9.2.b Reference
R9.2.c Class 2 Interpretable
R9.2.¢ Class 1 Interpretable
R9..¢.1 Class 2 Interpretable
R9..¢.2 Class 2 Interpretable
ST3 R9.3
R9.3.a Class 2 Interpretable
R9.3.b Class 1 Semi-Interpretable
R9.3.c Reference
R9.3.¢ Reference
ST4 R9.4 Class 1 Semi-Interpretable
ST5 R9.5
R9.5.a Class 1 Interpretable
R9.5.b Class 1 Interpretable
ST6 R9.6 Class 1 Interpretable
C35 ST1 R9.1
R9.1.a
R9.1a.1 Class 1 Interpretable
R9.1.a.2 Class 2 Interpretable
R9.1.a.3 Class 2 Interpretable
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Rule Properties

Clause Statement Rule Rule Class Interpretability
R9.1.b
R9.1.b.1 Class 1 Interpretable
R9.1.b.2 Class 2 Interpretable
R9.1.b.3 Class 2 Interpretable
R9.1.c
R9.1.c.1 Class 1 Interpretable
R9.1.c.2 Class 2 Interpretable
R9.1.c.3 Class 2 Interpretable
R9.1.¢
R9.1.¢.1 Class 1 Interpretable
R9.1.¢.2 Class 2 Interpretable
R9.1.¢.3 Class 2 Interpretable
R9.1.¢.4 Class 2 Interpretable
ST2 R9.2
R9.2.a Class 2 Semi-Interpretable
R9.2.b Class 1 Semi-Interpretable
R9.2.c Class 2 Interpretable
R9.2.¢ Class 2 Interpretable
R9.2.d Class 1 Semi-Interpretable
R9.2.e Non-Interpretable
R9.2.f Class 2 Interpretable
ST3 R9.3
R9.3.a Class 1 Interpretable
R9.3.b Class 1 Interpretable
R9.3.c
R9..c.1 Class 1 Semi-Interpretable
R9..c.2 Class 1 Interpretable
R9..c.3 Class 1 Semi-Interpretable
R9..c.4 Class 1 Semi-Interpretable
R9..c.5 Reference
C36 ST1 R9.1 Class 1 Interpretable
ST2 R9.2 Non-Interpretable
ST3 R9.3 Class 1 Interpretable
ST4 R9.4 Class 1 Interpretable
ST5 R9.5 Class 1 Interpretable
C37 ST1 R9.1
R9.1.a
R9.1.a.1 Class 1 Interpretable
R9.1.a.2 Class 1 Semi-Interpretable
R9.1.b
R9.1.b.1 Class 1 Interpretable
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Rule Properties

Clause Statement Rule Rule Class Interpretability
ST2 R9.2
R9.2.a Class 1 Interpretable
R9.2.b Class 1 Interpretable
R9.2.c Class 2 Interpretable
ST3 R9.3
R9.3.a Class 1 Interpretable
R9.3.b Class 1 Semi-Interpretable
ST4 R9.4
R9.4.a Class 1 Interpretable
R9.4.b Class 2 Interpretable
R9.4.c Class 1 Interpretable
ST5 R9.5
R9.5.a Class 1 Semi-Interpretable
R9.5.b Class 1 Interpretable
ST6 R9.6
R9.6.a Class 1 Interpretable
R9.6.b Class 1 Interpretable
R9.6.c Class 1 Interpretable
ST7 R9.7 Class 1 Interpretable
ST8 R9.8
R9.8.a Class 1 Interpretable
R9.8.b Class 1 Semi-Interpretable
ST9 R9.9
R9.9.a Class 1 Interpretable
R9.9.b Class 1 Interpretable
C38 ST1 R9.1 Class 1 Semi-Interpretable
ST2 R9.2 Reference
C39 ST1 R9.1 Class 2 Interpretable
ST2 R9.2 Class 1 Interpretable
ST3 R9.3 Class 1 Interpretable
C40 ST1 R9.1
R9.1.a Class 1 Interpretable
R9.1.a.1 Class 1 Interpretable
R9.1.a.2 Class 1 Interpretable
R9.1.b Class 1 Interpretable
R9.1.c Class 2 Interpretable
ST2 R9.2
R9.2.a Non-Interpretable
R9.2.b Non-Interpretable
R9.2.c Non-Interpretable
R9.2.¢ Class 1 Interpretable
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Rule Properties

Clause Statement Rule Rule Class Interpretability
R9.2.d Class 2 Interpretable
R9.2.e Class 1 Semi-Interpretable
R9.2.f Non-Interpretable
R9.2.9 Class 1 Semi-Interpretable
R9.2.§ Class 1 Interpretable
R9.2.h Reference
R9.2.1 Class 1 Semi-Interpretable
R9.2.i Class 1 Interpretable
R9.2j Class 1 Interpretable
ST3 R9.3
R9.3.a Non-Interpretable
R9.3.b Class 1 Interpretable
R9.3.c Class 1 Interpretable
R9.3.¢ Class 2 Interpretable
R9.3.d Class 2 Interpretable
R9.3.e Class 1 Semi-Interpretable
R9.3.f Class 2 Interpretable
R9.3.9 Class 1 Interpretable
R9.3.§ Class 2 Interpretable
R9.3.h Class 1 Semi-Interpretable
R9.3.1 Class 1 Semi-Interpretable
R9.3.i Class 1 Semi-Interpretable
R9.3.j Class 1 Interpretable
C41 ST1 R9.1
R9.1.a Class 3 Interpretable
R9.1.b Class 1 Semi-Interpretable
R9.1.c Class 1 Interpretable
R9.1¢ Class 1 Semi-Interpretable
ST2 R9.2
R9.a Class 1 Interpretable
R9.b Class 1 Interpretable
R9.c Class 1 Interpretable
R9.¢ Class 1 Semi-Interpretable
R9.d Class 1 Semi-Interpretable
C42 ST1 R9.1
R9.1.a Class 1 Interpretable
R9.1.b Class 1 Interpretable
R9.1.c Class 1 Interpretable
R9.1¢ Class 1 Interpretable
ST2 R9.2 Class 1 Semi-Interpretable
ST3 R9.3 Reference
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Rule Properties

Clause Statement Rule Rule Class Interpretability
ST4 R9.4 Class 1 Interpretable
ST5 R9.5 Class 2 Interpretable
ST6 R9.6 Class 1 Interpretable
ST7 R9.7 Class 1 Semi-Interpretable
ST8 R9.8 Class 2 Semi-Interpretable
C43 ST1 R9.1
R9.1.a Class 2 Interpretable
R9.1.b Class 2 Semi-Interpretable
R9.1.c Class 2 Interpretable
ST2 R9.2
R9.2.a Class 2 Interpretable
ST3 R9.3
R9.3.a Class 1 Semi-Interpretable
R9.3.b Non-Interpretable
R9.3.c Class 2 Interpretable
ST4 R9.4 Non-Interpretable
ST5 R9.5 Class 1 Semi-Interpretable
ST6 R9.6 Class 1 Semi-Interpretable
ST7 R9.7 Class 2 Interpretable
Ca4 ST1 R9.1
R9.1.a Class 1 Interpretable
R9.1.b Class 1 Interpretable
R9.1.c Class 1 Interpretable
R9.1.¢ Class 1 Interpretable
ST2 R9.2
R9.2.a Class 1 Interpretable
R9.2.b Class 1 Semi-Interpretable
R9.2.c Class 1 Semi-Interpretable
R9.2.¢ Class 1 Interpretable
R9.2.d Class 1 Semi-Interpretable
ST3 R9.3 Class 1 Interpretable
C45 ST1 R9.1 Class 1 Semi-Interpretable
ST2 R9.2 Class 1 Interpretable
ST3 R9.3 Class 1 Interpretable
ST4 R9.4 Class 2 Interpretable
ST5 R9.5 Class 1 Semi-Interpretable
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C. Listof Interpretable Rules and Their Interpretability Conditions to the SMC

Ruleset Manager

No  Clause Rule (F;Ilillses Intersxgbility
1 9 - Building Road Fagade Lengths R9.1 Class 1 Interpretable
2 10 - Depth of Buildings R10.1.a.1 Class1 Non-Interpretable
3 10 - Depth of Buildings R10.1.a.3 Class1 Non-Interpretable
4 10 - Depth of Buildings R10.1.a.4 Class1 Non-Interpretable
5 10 - Depth of Buildings R10.1.a.5 Class1 Non-Interpretable
6 10 - Depth of Buildings R10.1.a.6 Class1 Non-Interpretable
7 10 - Depth of Buildings R10.1.a.7 Class1 Non-Interpretable
8 10 - Depth of Buildings R10.2.a Class1  Interpretable
9 10 - Depth of Buildings R10.2.b Class1  Interpretable
10 10 - Depth of Buildings R10.2.c Class1 Non-Interpretable
11 10 - Depth of Buildings R10.6 Class1 Interpretable
12 11 - Maximum Height of Buildings R1l.1.a Class2  Interpretable
13 11 - Maximum Height of Buildings R11.1.b Class2 Interpretable
14 11 - Maximum Height of Buildings R1l.1.c Class2  Interpretable
15 11 - Maximum Height of Buildings R11.5 Class1 Non-Interpretable
16 11 - Maximum Height of Buildings R11.6 Class1  Interpretable
17 1Bzu“é:iﬂgztructlon of Different Height R124a Class 1 Non-Interpretable

18 12 - C_onstructlon of Different Height R125c  Class 1 Non-Interpretable
Buildings

19 15 - Entrance Heights of the Buildings R15.1 Class2  Interpretable

20 15 - Entrance Heights of the Buildings R15.2 Class2  Interpretable

21 24 - Building Entries and Pedestrian Ramps R24.1 Class 1 Interpretable
22 24 - Building Entries and Pedestrian Ramps R24.2 Class 2 Interpretable
23 24 - Building Entries and Pedestrian Ramps R24.5 Class1  Interpretable
24 24 - Building Entries and Pedestrian Ramps R24.10  Class 1 Interpretable
25 24 - Building Entries and Pedestrian Ramps R24.11  Class1 Non-Interpretable
26 24 - Building Entries and Pedestrian Ramps R24.12  Class2 Non-Interpretable

27 25 - Stairs R25.1.a Class1 Interpretable
28 25 - Stairs R25.1b Class1  Interpretable
29 25 - Stairs R25.1.c Class1 Interpretable
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Rule
No - Clause Rule  Cjass InterS'r\(/eltCe:lbility
30 25 - Stairs R25.2a Class 2 Non-Interpretable
31 25 - Stairs R25.2b  Class1  Interpretable
32 25 - Stairs R25.2c Class1  Interpretable
33 25 - Stairs R25.2¢  Class2 Non-Interpretable
34 25 - Stairs R25.3a  Class3 Non-Interpretable
35 25 - Stairs R25.3b  Class1 Non-Interpretable
36 25 - Stairs R25.3c Class 2 Non-Interpretable
37 25 - Stairs R25.4a  Class1 Non-Interpretable
38 25 - Stairs R25.4b  Class1 Non-Interpretable
39 25 - Stairs R25.5a  Class1 Non-Interpretable
40 25 - Stairs R25.5b  Class 2 Interpretable
41 25 - Stairs R25.5c Class1  Interpretable
42 25 - Stairs R25.7 Class1  Interpretable
43 26 - Elevators R26.1 Class2  Interpretable
44 26 - Elevators R26.2 Class 2 Non-Interpretable
45 26 - Elevators R26.5  Class2 Non-Interpretable
46 26 - Elevators R26.6 Class 2 Non-Interpretable
47 26 - Elevators R26.9 Class 1 Non-Interpretable
48 27 - Basements R27.1.b Class1  Interpretable
49 27 - Basements R27.3b  Class1  Interpretable
50 27 - Basements R27.3c  Class2 Non-Interpretable
51 27 - Basements R27.3¢  Class2 Non-Interpretable
52 27 - Basements R27.3d Class1 Interpretable
53 27 - Basements R27.3e  Class1 Non-Interpretable
54 27 - Basements R27.3f  Class1 Interpretable
55 27 - Basements R27.3g  Class1 Non-Interpretable
56 27 - Basements R27.3§  Class1 Non-Interpretable
57 27 - Basements R27.3h  Class 1 Interpretable
58 27 - Basements R27.31  Class1  Interpretable
59 28 - Ground Floors R28.1.c Class2 Interpretable
60 28 - Ground Floors R28.2 Class 2 Non-Interpretable
61 28 - Ground Floors R28.3a  Class2 Non-Interpretable
62 28 - Ground Floors R28.3b  Class2 Non-Interpretable
63 28 - Ground Floors R28.3c  Class1 Non-Interpretable
64 28 - Ground Floors R28.4 Class 2 Non-Interpretable
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Rule SMC

No- Clause Rule Class Interpretability

29 - Some Subjects About Building Interpretable
65 Basements and Ground Floors R29.1 Class 1

29 - Some Subjects About Building Interpretable
66 Basements and Ground Floors R29.2 Class 2
67 30 - Mezzanine Floors R30.1 Class 1 Interpretable
68 30 - Mezzanine Floors R30.2a  Class 1 Interpretable
69 30 - Mezzanine Floors R30.2b  Class2 Non-Interpretable
70 30 - Mezzanine Floors R30.2c  Class2 Non-Interpretable

31 - Construction of Indoor Parking on the Non-Interpretable
71 Front Yard of Ground Level Elevated R31.1 Class 2

Parcels

32 - Required Rooms/Sections in Buildings Non-Interpretable
12 and Their Minimum Dimensions R32.1 Class 1

32 - Required Rooms/Sections in Buildings Interpretable
73 and Their Minimum Dimensions R321a Class2

32 - Required Rooms/Sections in Buildings Interpretable
4 and Their Minimum Dimensions R321b  Class1

32 - Required Rooms/Sections in Buildings Interpretable
[E and Their Minimum Dimensions R321c  Class3

32 - Required Rooms/Sections in Buildings Non-Interpretable
76 and Their Minimum Dimensions R32.2a Class 1

32 - Required Rooms/Sections in Buildings Non-Interpretable
" and Their Minimum Dimensions R32.2b Class 2

32 - Required Rooms/Sections in Buildings Interpretable
8 and Their Minimum Dimensions R32.2¢ Class 1

32 - Required Rooms/Sections in Buildings Interpretable
9 and Their Minimum Dimensions R323b  Class1
80 33 - Floor Heights R33.3 Class1  Interpretable
81 33 - Floor Heights R33.4 Class1 Interpretable
82 34 -Roofs R34.1.a Class1 Non-Interpretable
83 34 - Roofs R34.1.b  Class1 Non-Interpretable
84 34 -Roofs R34.1.c Class1 Non-Interpretable
85 34 - Roofs R34.1.¢ Class1 Non-Interpretable
86 34 - Roofs R34.2.a Class 1 Interpretable
87 34 - Roofs R34.2.a.1 Class1 Interpretable
88 34 - Roofs R34.2.a.2 Class1 Non-Interpretable
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No - Clause Rule gll;Les InterS'r\(/eltCe:lbility
89 34 - Roofs R34.2.a.3 Class1 Non-Interpretable
90 34 -Roofs R34.2c Class2 Non-Interpretable
91 34 - Roofs R34.2.¢ Class1 Interpretable
92 34 - Roofs R34.2.¢.1 Class2 Non-Interpretable
93 34 -Roofs R34.2.¢c.2 Class2 Non-Interpretable
94 34 - Roofs R34.3a Class2  Interpretable
95 34 - Roofs R34.5a Class1 Interpretable
96 34 - Roofs R34.5b Class1 Non-Interpretable
97 34 - Roofs R34.6 Class1 Non-Interpretable
98 35 - Cantilevers R35.1.a.1 Class1  Interpretable
99 35 - Cantilevers R35.1.a.2 Class2 Non-Interpretable
100 35 - Cantilevers R35.1.a.3 Class2  Interpretable
101 35 - Cantilevers R35.1.b.1 Class1  Interpretable
102 35 - Cantilevers R35.1.b.2 Class2 Non-Interpretable
103 35 - Cantilevers R35.1.b.3 Class2  Interpretable
104 35 - Cantilevers R35.1.c.l Class1  Interpretable
105 35 - Cantilevers R35.1.c.2 Class2 Non-Interpretable
106 35 - Cantilevers R35.1.c.3 Class 2 Interpretable
107 35 - Cantilevers R35.1.¢c.1 Class1 Non-Interpretable
108 35 - Cantilevers R35.1.¢.2 Class2 Non-Interpretable
109 35 - Cantilevers R35.1.¢.3 Class2 Non-Interpretable
110 35 - Cantilevers R35.1.c4 Class2 Non-Interpretable
111 35 - Cantilevers R35.2.c Class2 Non-Interpretable
112 35 - Cantilevers R352.¢ Class2 Non-Interpretable
113 35 - Cantilevers R35.2f Class2 Non-Interpretable
114 35 - Cantilevers R35.3.a Class1 Non-Interpretable
115 35 - Cantilevers R35.3b Class1 Non-Interpretable
116 35 - Cantilevers R35.3.c.2 Class1 Non-Interpretable
117 36 - Eaves R36.1 Class1 Non-Interpretable
118 36 - Eaves R36.3 Class1 Non-Interpretable
119 36 - Eaves R36.4 Class1 Non-Interpretable
120 36 - Eaves R36.5 Class1 Non-Interpretable
121 gza-f![_sight Shafts, Vent Stacks and Air R371a1 Class 1 Interpretable
122 37 - Light Shafts, Vent Stacks and Air R371Db1 Class 1 Interpretable

Shafts




Rule SMC
No - Clause Rule Class Interpretability
123 gza-fthlght Shafts, Vent Stacks and Air R372a Class 1 Interpretable
124 g:]z;ftl_slght Shafts, Vent Stacks and Air R372b  Class 1 Non-Interpretable
125 gza-fthlght Shafts, Vent Stacks and Air R372c  Class 2 Interpretable
126 g:]z;ftl_slght Shafts, Vent Stacks and Air R373a  Class 1 Non-Interpretable
127 gza-fthlght Shafts, Vent Stacks and Air R374a Class 1 Non-Interpretable
128 C;Ee;ﬁlglght Shafts, Vent Stacks and Air R374b  Class 2 Non-Interpretable
129 g;ﬁ?ght Shafts, Vent Stacks and Air R374c  Class 1 Interpretable
130 g;e;ﬁlglght Shafts, Vent Stacks and Air R375b  Class 1 Interpretable
131 g;ﬁ?ght Shafts, Vent Stacks and Air R376a  Class 1 Non-Interpretable
132 g;e;ﬁlglght Shafts, Vent Stacks and Air R376b  Class 1 Non-Interpretable
133 g;ﬁ?ght Shafts, Vent Stacks and Air R376c  Class 1 Non-Interpretable
134 g;e;ﬁlglght Shafts, Vent Stacks and Air R37.7 Class 1 Non-Interpretable
135 gz};ﬁilght Shafts, Vent Stacks and Air R378a  Class 1 Non-Interpretable
136 gﬁ;ﬁl_slght Shafts, Vent Stacks and Air R379a  Class 1 Non-Interpretable
137 37 - Light Shafts, Vent Stacks and Air R379b  Class 1 Non-Interpretable
Shafts
138 39 - Areaways R39.1 Class2  Interpretable
139 39 - Areaways R39.2 Class1 Non-Interpretable
140 39 - Areaways R39.3 Class1 Interpretable
141 40 - Smoke Chimneys R40.1.a Class1 Non-Interpretable
142 40 - Smoke Chimneys R40.1.a.1 Class1 Non-Interpretable
143 40 - Smoke Chimneys R40.1.a.2 Class1 Non-Interpretable
144 40 - Smoke Chimneys R40.1.b Class1 Non-Interpretable
145 40 - Smoke Chimneys R40.1.c  Class2 Non-Interpretable
146 40 - Smoke Chimneys R40.2.c Class1 Non-Interpretable
147 40 - Smoke Chimneys R40.2.d Class2 Non-Interpretable
148 40 - Smoke Chimneys R40.2.5g Class1  Interpretable
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No  Clause Rule  cass InterS'r\(/eltCe:lbility
149 40 - Smoke Chimneys R40.2.i Class1 Non-Interpretable
150 40 - Smoke Chimneys R40.2j Class1 Non-Interpretable
151 40 - Smoke Chimneys R40.3b Class1 Non-Interpretable
152 40 - Smoke Chimneys R40.3.c Class1 Non-Interpretable
153 40 - Smoke Chimneys R403.¢c Class2 Interpretable
154 40 - Smoke Chimneys R40.3.d Class2  Interpretable
155 40 - Smoke Chimneys R40.3.f Class2 Non-Interpretable
156 40 - Smoke Chimneys R40.3.g Class1  Interpretable
157 40 - Smoke Chimneys R40.3.5 Class2 Non-Interpretable
158 40 - Smoke Chimneys R40.3j Class1 Non-Interpretable
159 41 - Railings and Parapets R41.1.a Class3 Non-Interpretable
160 41 - Railings and Parapets R41.1.c Class1  Interpretable
161 41 - Railings and Parapets R412a Class1  Interpretable
162 41 - Railings and Parapets R41.2b  Class1  Interpretable
163 41 - Railings and Parapets R41.2c  Class1  Interpretable
164 42 - Doors and Windows R42.1.a Class1  Interpretable
165 42 - Doors and Windows R42.1b Class1  Interpretable
166 42 - Doors and Windows R42.1.c Class1  Interpretable
167 42 - Doors and Windows R42.1¢  Class1  Interpretable
168 42 - Doors and Windows R42.4  Class1  Interpretable
169 42 - Doors and Windows R42.5 Class 2 Non-Interpretable
170 42 - Doors and Windows R42.6 Class1 Non-Interpretable
171 43 - Garden Walls R43.1.a Class2  Interpretable
172 43 - Garden Walls R43.1.c Class2  Interpretable
173 43 - Garden Walls R43.2a Class2  Interpretable
174 43 - Garden Walls R43.3.c Class2 Non-Interpretable
175 43 - Garden Walls R43.7  Class2  Interpretable
176 44 - Porter Suite and Watchmen Room R44.1.a Class1 Non-Interpretable
177 44 - Porter Suite and Watchmen Room R44.1b Class1 Non-Interpretable
178 44 - Porter Suite and Watchmen Room R44.1c Class1 Non-Interpretable
179 44 - Porter Suite and Watchmen Room R44.1.¢ Class1  Interpretable
180 44 - Porter Suite and Watchmen Room R442.a Class1  Interpretable
181 44 - Porter Suite and Watchmen Room R44.2.¢ Class1 Non-Interpretable
182 44 - Porter Suite and Watchmen Room R44.3 Class 1 Interpretable
183 45 - Control Sheds R45.2 Class1  Interpretable
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Rule SMC

No- Clause Rule Class Interpretability
184 45 - Control Sheds R45.3 Class 1 Interpretable
185 45 - Control Sheds R45.4 Class2  Interpretable
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