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Abstract 
In the architecture, engineering, and construction (AEC) industry, a large number of laws and regulations 
define the technical features and standard requirements of a building. Checking the suitability of the building 
according to the rules in the building legislation is a human-oriented manual process that is largely based on 
2D drawings. Therefore, this process is cumbersome, time consuming and error prone. Today, the use of 
Building Information Modeling (BIM) in the AEC sector continues to increase day by day. In a BIM-based 
construction project, digital models with 3D geometric and semantic information describe the building to be 
built extensively. This digital database prepared for the building can also be used to improve and partially 
automate the code compliance checking process. For this purpose, this data is exported with the Industry 
Foundation Classes (IFC) file format, and this IFC file format provides an excellent opportunity to automate 
the process of checking compliance. In this study, the IFC file format, which allows BIM-based buildings’ 
automatic code compliance checking to be performed is examined, and the meanings of the codes in the IFC 
file of the sample building model are examined in detail by matching them with the model. In addition, it is 
explained how to filter the data of the building model required for conducting conformity control from the 
IFC file. It is also shown how to check the compliance of storey height values of the sample building model 
designed within the scope of the application according to the relevant regulation rules. As a result of the 
examinations, data that would automatically ensure code compliance checking can be obtained from the IFC 
file format and the relationship of the IFC file structure with automatic code compliance checking has been 
revealed. 

Keywords 
Construction industry; BIM; IFC; Automated checking system; Automated code compliance checking 
Received: 18 May 2020; Accepted: 25 June 2020 
ISSN: 2630-5771 (online) © 2020 Golden Light Publishing All rights reserved. 
 

 
1. Introduction 

In the AEC sector, a great number of laws and 
regulations define the technical features and 
standard requirements of a building. A construction 
project has a wide range of legal regulations 
covering different engineering and architectural 
disciplines at each stage. Depending on 
international, national, or regional legislation, 
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regulations should not only be followed by 
architects, engineers, and planning consultants 
during design activities, but also by administrative 
control authorities [1]. The structures designed as a 
result of all these legal restrictions and rules are 
subject to the conformity control and approval 
process in terms of legislation. 
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 In general, law and / or regulation explains the 
rules of practice regarding the design and 
construction phases of a building and requires 
compliance with the specified numerical 
limitations. Despite the large spending and 
technical improvements in the construction 
industry, the control of conformity of designed 
structures to the regulations requires a great deal of 
manual and high effort and excessive time [2]. In 
the event of a change in the design of the building, 
these control procedures lead to re-checks of the 
affected elements. With the manual control process, 
it is very likely that building approval checks will 
be carried out again due to the problems and reasons 
that may arise at any stage of a project from the 
check phase to the control phase. As a result, re-
approval checks cause project delays and increased 
monetary costs of stakeholders associated with the 
process. 
 Today's digital developments provide an 
opportunity for the approval of the designed 
structure to be based on the automation system of 
conformity approvals from the relevant 
administrations. The increasing adoption of BIM, 
which now initiates a digital transformation in the 
AEC sector, introduces technological new tools to 
improve and partially automated building code 
compliance checking processes [1, 3]. One of these 
tools is the IFC file format, which contains detailed 
digital data of the model of the building designed in 
a BIM-based program, allowing data exchange 
between BIM programs [3]. 
 In this study, the IFC file format, which enables 
the automatic code compliance checking of a 
building designed with a BIM based program, is 
examined. There are many rules in building 
legislation that the buildings must comply with 
during the design phase. These rules based on the 
laws and regulations are regulated by official 
administrations. Compliance checks of the 
designed buildings are mostly done manually. 
 BIM technology allows possibility to automatic 
control of the designed building's compliance with 
regulations. This can be done with IFC file format, 
which contains a lot of information about the 
building designed based on BIM. This information 

in the IFC file can be taken out of the file with the 
codes written in different languages (C++, Matlab, 
...) and compliance checks can be done with the 
rules in the legislation. 
 The main purpose of this study is to show that 
the information of the building in the IFC file is 
suitable for use in automatic code compliance 
checking. Besides, in the study, the location of the 
information of the designed building in the IFC file 
and how it can be obtained from the file is 
demonstrated. 
 
2. . Building Information Modeling (BIM) 

BIM is a global digital technology that 
revolutionizes the construction industry and is 
believed to have the potential for new changes [4]. 
BIM has been an important innovation in the design 
process to cover the lack of coordination between 
different engineering disciplines and architects [5]. 
Based on the information-rich 3D model, BIM is 
seen as an important improvement and easiness 
over the traditional CAD approach (Fig. 1) [6, 7]. 
 BIM contains all the geometry, spatial relations, 
geographic information, property information of 
the building elements altogether. It can also store 
analysis and modeling results. In addition, any 
information related to the life cycle of a building 
can be defined and stored in BIM [8]. BIM is a 
system where a lot of the information of the 
designed model is stored in three dimensions and 
digitally. Apart from common and general 
information, information can be added to BIM, 
which operates as a single database, by the 
participants. In addition, participants can access this 
database whenever and wherever they want [9]. 
 BIM is used in project management [10-13], 
facility management [14-19], green and sustainable 
buildings [20-26], geographical information 
systems [27-30], automation systems [31-33], rule 
control systems [34-37]. 
 

 
 

Fig.1. CAD and BIM [7] 
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The adoption and implementation of BIM in the 
architecture, engineering, construction, and 
operation (AECO) industry is gradually increasing 
[38, 39]. 
 With the development of BIM modeling 
software tools (Autodesk Revit, Nemetschek 
Allplan, Vectorworks, Graphisoft Archicad, 
Bentley MicroStation, BricsCAD BIM, Trimble 
Tekla Structures, etc.) the virtual counterparts of the 
structures are built closer to the reality. Thanks to 
this reality, improvements are made in design 
decisions, better coordination between project 
stakeholders, and manufacturing errors are reduced. 
Thanks to better planning, it is possible to take early 
measures against cost, time gains, and negativity.  
The BIM process is the process that runs from the 
design phase of the structure to the completion of 
its life, and the better the modeling process, which 
is the first step in this chain, the more efficient the 
other stages will be [40]. 
 These developments in BIM technology offer 
opportunities for new software tools that can 
control compliance with automatic code and are a 
prerequisite for these systems [41, 42]. Integrating 
BIM into the control of building codes is an 
important step in these developments. It will also 
increase the efficiency and accuracy of control 
processes for designers and administrative 
institutions [43]. Thus, in the future, BIM will 
become a digital asset that is important not only in 
design but also for obtaining approval from legal 
institutions [44]. 
 
3. Automated code compliance checking 

Major and important steps in the field of automated 
code compliance checking took place after the 
emergence of the IFC open data format for BIM 
[45, 46]. Since the IFC file format contains detailed 
information on each element of the building 
designed, this information can be arranged and 
controlled by rule control systems. 
 Regarding the construction industry, the first 
successful effort to automate design alignment 
began with the study of the implementation of 
decision tables representing the standard features of 
Fenves [47] and the American Institute of Steel 

Construction (AISC). Later, Lopez et al., who 
implemented Fenves' the Standards Interface for 
Computer Aided Design (SICAD) system, tried to 
improve the research on this subject [48, 49]. Next, 
many research studies on the subject of Automated 
Code Compliance Checking have been done until 
today [45, 46, 50-53]. 
 Most of the research carried out within the scope 
of the subject of automatic code compliance 
consists of studies on Automated Code Compliance 
Checking systems [54-59]. Some of these systems 
are considered to be “black box methods,” where 
users have very limited access to the rule creation 
engine. Others are “gray box or white box 
methods,” where users have varying degrees of 
customization and interaction [43]. 
 An automated code compliance checking 
system is a computational procedure for addressing 
the manual regulation verification problem in a 
finite number of computable steps. Systems 
developed for automatic code compliance control 
generally consist of four stages. The first stage 
consists of interpreting and developing the rules in 
the legal legislation and logical regulation of the 
rules in the legislation for their implementation. In 
the second stage, data is produced for the building 
model to be inspected. This data generation is 
created by a BIM-based program. At this stage, the 
necessary rules are started to be checked. The third 
stage is the stage where the compliance check is 
performed, which realizes the true rule compliance 
verification. The last step is to report the 
compliance check results [43]. Some of the systems 
developed for an automated code compliance 
checking are Corenet System, Solibri Model 
Checker (SMC), Jotne Edmmodelchecker, 
Norwegian Statsbygg’s Design Rule Checking 
Efforts, International Code Council, Us General 
Services Administration Design Rule Checking, 
Australia’s Designcheck and Portugal’s Lica 
System. 
 
4. Industry Foundation Classes (IFC) 

Since the early 1970s, two-dimensional CAD 
programs have been used to represent building 
components. In the early 1990s, building model 
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demonstrations began to shift to the object-based 
BIM paradigm [60]. CAD programs have been 
transformed into systems that can make three-
dimensional (3D) designs through BIM programs 
(AutoCAD, ArchiCAD, Revit, etc.) [61]. However, 
the BIM process has started to fundamentally 
change the AEC industry. The emergence of the 
BIM concept, together with the IFC open data 
format specification for building components, 
provided a standard method for a computable 
representation of a building and a generally agreed 
protocol [43]. After the emergence of the IFC open 
data format for BIM, major steps have been taken 
in the field of automated code compliance checking 
[45, 46]. 
 IFC is a standard object-based structure data 
model developed by the Industry Alliance for 
Interoperability (IAI) in 1994 [62, 63]. IAI was 
renamed BuildingSMART in 2005. IFC 
specifications are developed and updated by 
BuildingSMART. In 2013 IFC was registered with 
the International Standardization Organization as 
ISO16739 ‘IFC for data sharing in the construction 
and facility management industries’. In general, 
IFC is a standardized, digital description of the built 
environment, including buildings and civil 
infrastructure. It is an open, international standard 
[64], meant to be vendor-neutral, or agnostic, and 
usable across a wide range of hardware devices, 
software platforms, and interfaces for many 
different use cases [65]. According to 
BuildingSMART International [66], IFC is defined 
as “an open specification for BIM data that is 
exchanged and shared among the various 
participants in building construction or facility 
management project.” 
 IFC is a standard, object-based data model 
developed in EXPRESS language regardless of any 
software [66, 67]. EXPRESS is a conceptual chart 
language that provides a description of the classes 
of certain areas, information, or qualities (walls, 
columns, beams, etc.) related to these classes and 
restrictions in these classes [43]. The IFC scheme is 
also known as the international standard ISO/IS 
16739 [64]. 

 IFC represents a set of internationally 
standardized object definitions for each model of a 
project created with a BIM-based program [43]. 
Objects are also called building elements used in 
the building project. These building elements are 
three-dimensional and have characteristics such as 
definition, name, size, location, material, cost, etc. 
 IFC is supported by BIM-based software. It is 
often used to exchange information from side to 
side for a particular business transaction [65]. The 
IFC scheme has been designed to facilitate effective 
data sharing between AEC parties and asset 
managers. The benefit of using the IFC scheme is 
that information can be shared in a way that enables 
and promotes interoperability. In particular, IFC 
enables AEC data to be shared among engineers, 
architects, construction companies, and asset 
managers [68]. Fig. 2 provides an example of some 
data sharing features possible thanks to the IFC 
scheme. 

4.1. IFC file formats 

IFC defines multiple file formats that can be used 
by supporting various encodings of the underlying 
data. IFC files can be exchanged between software 
products, along with the file formats “.ifc”, 
“.ifcXML” and “.ifcZIP”. Information about the 
IFC file formats is given in Table 1. 

4.2. IFC versions (schema) 

Today, versions of the different IFC schemes have 
been published since 1996 to improve information 
exchange and interoperability within the AEC 
industry. The schema versions of the IFC published 
by year are shown in Table 2. 
 

 
Fig. 2. An example of interoperability advantages 

associated with the IFC scheme [68] 
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Table 1. Information on IFC file formats [69, 70] 

File Format Extension Size Summary 

IFC-SPF 
 
(SPF:STEP 
Physical File) 
(STEP: Standard 
for the Exchange of 
Product Model 
Data) 

.ifc 100% 

• SPF or IFC-SPF is the most widely used format for IFC in 
practice, which is the most compact of the formats listed that 
can be read as text. 

• IFC-SPF is based on the ISO standard for clear text 
representation of EXPRESS data models ISO 10303-21. 

• IFC-SPF is a text format, where each line typically consists of 
a single object record, and having file extension ".ifc". 

• This is the most widely used IFC format, having the advantage 
of compact size yet readable text. 

IFC-XML 
 
(XML: Extensible 
Markup Language) 

.ifcXML 113% 

• IFC-XML is an XML format defined by ISO 10303-28 
("STEP-XML"), having file extension ".ifcXML". 

• This format is suitable for interoperability with XML tools and 
exchanging partial building models. 

• Due to the large size of typical building models, this format is 
less common in practice. 

IFC-ZIP .ifcZIP 17% 

• IFC-ZIP is a ZIP compressed format consisting of an 
embedded IFC-SPF file or IFC-XML file and having file 
extension ".ifcZIP". 

• Compressed IFC files with much smaller file size; can be read 
by most software applications that support IFC. 

 
Table 2. IFC schema versions by years [71] 
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The selection of the IFC file scheme is very 
important in defining the content and structure of 
the IFC file, and therefore it should be coordinated 
and selected according to its intended use. Current 
versions [72]:  
 IFC4 (still in beta, certification process in 

progress, offers certain advanced possibilities 
but is not widely supported yet), 

 IFC2x3 (currently the most supported and stable 
format, certified in Revit and recommended for 
production), 

 IFC2x2 (recommended if the recipient of the 
file does not have software with IFC2x3 or IFC4 
support). 

4.3. IFC structure 

The information of the building elements of the 
models created with BIM programs can be easily 
transferred between different software thanks to the 
IFC file format and BIM-based programs. When the 
BIM model is converted to IFC format, the 
information of the building elements is translated 
into the relevant IFC concepts. All definitions and 
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descriptive information of IFC are regularly 
updated and developed by BuildingSMART [73]. 
When the BIM model is converted to IFC file 
format, detailed information required for automatic 
code compliance control is provided. IFC data file 
is created by exporting from BIM based program. 
Similarly, an IFC file can be opened with a BIM 
based program. Fig. 3 shows how to export the IFC 
file format of the model created with the Autodesk 
Revit program and how to open any IFC file. These 
created IFC files can be opened and viewed with a 
text editor program such as Microsoft Notepad. 
 The IFC schema defines how plain texts are 
turned into object aggregates with relations and 
type inheritance [74]. That’s what the schema is, 
it’s like a big map where everything has its own 
dedicated place. At a very simple level, the IFC 
schema is made up of three main items. These are 
given in Fig. 4 [75]. 
 Entities: They are like the main nodes of the 

IFC scheme. IFC defines an EXPRESS-based 
entity-relationship model that consists of 
hundreds of entities arranged in an object-based 
hierarchy. Each asset is identified by naming it 
after the "Ifc" prefix (e.g., IfcBeam, IfcSpace, 
IfcBuilding). An IFC entity is an object uniquely 
identified in the IFC data model. Depending on 
the entity definition, the object is assigned 
certain default attributes and dependencies 
within the IFC schema. Each asset in IFC is 
described in detail in the Data Dictionary 
prepared by BuildingSmart. There are 412 
current assets defined in the Data Dictionary of 
BuildingSmart [76]. They can be a building 
element entity (IfcWall), an entity that regulates 
the relationships between elements 
(IfcRelAggregates, IfcRelAssigns, etc.) or an 
asset that contains the properties of these 
elements (IfcRelDefinesByProperties). A three-
dimensional section of an exemplary building 
model created with a BIM program is given in 
Fig. 5. The names of the corresponding to the 
IFC entities of each element forming the model 
are also shown on the model given in the Fig. 5. 

 
 

 
  (a) 

 
  (b) 

Fig. 3. (a) Exporting and (b) opening the IFC file in 
Autodesk Revit program 

 

 
Fig. 4. Basic IFC components [75]
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Fig. 5. Example of IFC entities on the model 

 
 Attributes: It is defined as information within an 

entity defined by reference to a particular entity. 
There are three kinds of attributes: direct 
attributes, inverse attributes and derived 
attributes. These vary between entities, but the 
first four attributes and definitions that each 
entity has are as follows [76]: 
1. GlobalId: Assignment of a globally unique 

identifier within the entire software world, 
2. OwnerHistory: Assignment of the 

information about the current ownership of 
that object, including owning actor, 
application, local identification and 
information captured about the recent 
changes of the object, 

3. Name: Optional name for use by the 
participating software systems or users, 

4. Description: Optional description, provided 
for exchanging informative comments. 

 Properties: For element-based entities, there is 
an attribute called HasPropertySets. This allows 
a property set (a group of properties) to be 
assigned to the entity. Within this property set 
are the individual properties, which describe the 
entity further or describe its performance. In the 
schema, there are already defined property sets 
and properties. Example for the entity 
“IfcColumnType” the property set is 

“Pset_ColumnCommon” and property is 
“FireRating” [75]. 

 
5. Methodology 

In this study, a simple building example model is 
designed in BIM based Autodesk Revit v2020 
program. As the level of detail of the design 
increases, the content volume of the IFC data file 
increases in direct proportion to the level of detail. 
In order to make the IFC file of the sample 
application model more easily examined and 
perceptible, LOD 200 was preferred as the level of 
detail in model. Later, the IFC file was created by 
exporting this sample building model's information 
from the Autodesk Revit v2020 program. This file 
is preferred in the scheme IFC 2x3 (currently the 
most supported and stable format, certified in Revit 
and recommended for production [72]). Finally, the 
meanings of the codes in this IFC file are examined 
by matching them with the model. Then, a way of 
how this data should be filtered out of the IFC file 
is shown to demonstrate the usability of the data of 
the building model in the IFC file for code 
compliance checking. In addition, it was shown 
where and how the IFC file structure contains the 
necessary data in the file for code compliance 
checking. Finally, how to make the code 
compliance checks of the floor height values of the 
sample building model designed within the scope of 
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the application according to the rules in the related 
regulation are explained in detail. 
 
6. Implementation 

In order to analyse the IFC file in detail, a simple 
building project was modeled at the LOD 200 level 
with the Autodesk Revit program. The building 
consists of 2 floors (Storey 1 and Storey 2) and 4 

rooms (Room 1, 2, 3, and 4). 3D view, 3D sectional 
view, and floor plans of this building are given in 
Fig. 6. 
 
The sample building model created with Revit was 
exported in 2x3 schema version and with an “.ifc” 
extension. A view of the plain text content obtained 
when opened in this way by the Microsoft Notepad 
program of the IFC file is given in Fig. 7.

 

 
  (a) 3D view 1 (b) 3D view 2 

 

 
  © 3D cutaway view 1  (d) 3D cutaway view 2 2t 

 

 
  (e) First floor plan (f) Second floor plan 
 

Fig. 6. 3D views, 3D section views and floor plans of the sample building project 
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Fig. 7. Plain text content of IFC-STEP file with “.ifc” extension of the sample building model 
 
 
 

 

HEADER 
SECTION 

BODY 
SECTION 
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 The basic structure of the IFC-STEP file 
consists of two sections, the header, and the body. 
The header section contains general information 
about the IFC version used, the date of creation, etc. 
belonging to the building model. When the header 
section of the IFC file of the sample building model 
shown in Fig. 7 is examined, it is seen that the 
scheme of the IFC file is in the format of IFC 2x3. 
The body section contains information about the 
geometry and qualities of the building model. In 
addition, information on how the relationships 
between each element of the model created are 
included in this section. 
 Each line of data in the body part of the IFC file 
starts with the hash key #. Data lines are numbered 
starting from # 1. There is an IFC entity in each 
numbered line. There are 13545 data lines in the 
IFC file of the sample building model shown in Fig. 
7. The number of data lines in the IFC file increases 
according to the number of each building element 
(column, beam, wall, floor, door, window, roof, 
stairs, etc.) that makes up the building model, the 
preference of the material properties of the elements 
and each process performed in the program. In the 
BIM program (Revit), each element of the building 
model and each operation for the design of the 
model corresponds to an entity in the IFC data file. 
 The data line formed in the IFC file of a column 
element of the sample building model is as in Fig. 
8. In this data line numbered with # 5771, the 
column element of the building model is identified 
by the IfcColumn entity. In addition, each entity 
consists of its own attributes. Each section 
separated by commas between the two parentheses 
following the entity in the data line defines the 
attributes of that asset. In Fig. 8, each part separated 

by a comma between two parentheses after the 
IfcColumn entity in the data line of the column 
element defines the attributes of the column 
element. For example, in Fig. 8, the 5th attribute in 
the data line # 5771 contains the information that 
the column is a rectangular column of 40x50 cm. 
 Locations that begin with # between the two 
parentheses of the IFC entity redirect to the entities 
on the other lines in the file. In other words, the 
expression “# 41” in the 2nd attribute of the 
IfcColumn entity in Fig. 8 indicates that the 
information in this attribute is in line 41. The assets 
in the referenced lines contain more detailed 
properties and information on the column object. 
Entities in the referenced lines can also refer to 
assets in other lines. This reference structure 
continues until a logical data model has been 
generated that provides a clear description of each 
object. The fact that the IFC scheme includes 
relationships by referencing is what makes IFC 
special and powerful [77]. 
 Some relationships between building elements 
in the IFC file explain how the components of the 
building come together. Relations include how the 
spatial structure is formed, grouped, and 
hierarchical structure. The hierarchical structure 
shows how a project consists of a site, how a site 
consists of buildings, how buildings consist of 
floors, and how floors consist of rooms (spaces). 
Other relationships link the position and properties 
of the elements to this spatial structure and to which 
it belongs. IFC files create a building model 
hierarchy based on a predefined structure that 
logically creates the BIM model. An example of 
IFC's hierarchical structure is given in Fig. 9. 

 

 
Fig. 8. Data line of IfcColumn entity in IFC file 

Attribute 1 Attribute 2 Attribute 3 

Attribute 4 Attribute 5 Attribute 6 Attr. 7 Attr. 8 
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Fig. 9. An example of the IFC hierarchy 
 
 A representative view of the breakdown 
structure (hierarchy) of the sample building model 
is given in Fig. 10. The sample building consists of 
two floors with two rooms on each floor of the 
model. Thanks to this hierarchy of the structure, 
information on which floors the building consists of 
and which spaces (rooms) the floors consist of can 
be accessed via the IFC file. 
 In the IFC data file, the formation of the 
project's breakdown structure (hierarchy) is done by 
the presence of IfcRelAggregates. The definition 
and properties of the IfcRelaggregates entity are 
briefly as follows [76]: 
 This entity helps collect objects, 
 It consists of 6 attributes (parts separated by 

commas between two parentheses), 
 The 5th attribute indicates which object the 

elements will be collected to, 
 The 6th attribute indicates which elements are 

to be collected. 

 
Fig. 10. Representative view of the IFC hierarchy of the 

sample building model 
 
 In the IFC file of the sample building model, the 
information that the first floor consists of Room 1 
and Room 2 is found in the data line #12796 in 
order to be an example of the formation of the 
hierarchy.

#12796= IFCRELAGGREGATES('1vK3KfqgSHqv5Y00A6FnIY',#41,$,$,#127,(#1354,#1829)); 

 Data line #12796 contains the IfcRelaggregates 
entity. This entity, by definition, helps to collect the 
objects in its 6th attribute (#1354, #1829) into the 
object of the 5th attribute (#127). The object in the 
5th attribute refers to the IfcBuildingStorey entity 

defined in data row #127. The IfcBuildingStorey 
entity is used to define the floors of the building in 
the IFC file. In the 8th attribute of the 
IfcBuildingStorey entity in data row #127, this floor 
is “Storey 1" as seen in the data row.

#127= IFCBUILDINGSTOREY('1XY1wKHp96PaZ2rMvu16R',#41,'Level 1',$,'Level:8mm Head',#125,$,'Storey 1', 
.ELEMENT.,0.); 

 The objects in the 6th attribute of the 
IfcRelaggregates entity in data line #12796 refer to 
data line #1354 and #1829. There is an IfcSpace 
entity in these referenced lines. The IfcSpace entity 

defines the rooms of the building. From the 8th 
attribute of the IfcSpace entity, the name of the 
room is reached (Room 1, Room 2). 
 

IfcBuildingStorey: Storey 1 

IfcBuildingStorey: Storey 2 

IfcBuildingStorey: Storey 3 
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#1354= IFCSPACE('169ZYrVMb2lgExi6vZcZvq',#41,'1',$,$,#1192,#1352,'Room 1', .ELEMENT.,.INTERNAL.,$); 
#1829= IFCSPACE('169ZYrVMb2lgExi6vZcZvm',#41,'2',$,$,#1637,#1827,'Room 2',.ELEMENT.,.INTERNAL.,$); 

In the IFC data file, the numerical information 
and characteristics of each element belonging to the 
building being modeled are accessed by the 
presence of IfcRelDefinesByProperties. The 
definition and properties of the 
IfcRelDefınesByProperties entity are as follows in 
short [76]: 
 This entity defines the property set definitions 

and relationships between objects, 

 It consists of 6 attributes (parts separated by 
commas between two parentheses), 

 The 5th attribute indicates which objects or 
properties will be collected to, 

 The 6th attribute refers to the target object or set 
of properties to be applied to the objects. 

In the IFC file of the sample building model, 
information on how to reach the field value of 
“Room 1” located on the 1st floor, for example, is 
found in the data line #1360. 

#1360= IFCRELDEFINESBYPROPERTIES('1G4SYd3p9F2hc9BXsTlvyX',#41,$,$,(#1354),#1358); 

 Data line #1360 contains the entity 
IfcRelDefinesByProperties.  
 The IfcRelDefinesByProperties entity defines 
the object in the 5th attribute, the information of the 
object in the 6th attribute. The object in the fifth 
attribute refers to data line #1354. In the data line 
#1354, there is an IfcSpace entity. The object in the 
6th attribute refers to the data line #1358. There is 
an IfcElementQuantity entity in data line #1358. In 
short, the IfcRelDefinesByProperties entity in data 

row #1360 means that the IfcSpace entity in data 
row #1354 has properties in the IfcElementQuantity 
entity in data row #1358. 
 The IfcElementQuantity entity in data row 
#1358 refers to the "GSA Space Areas" value, and 
its numerical value is in the presence of #1357 
IfcQuantityArea. The presence of IfcQuantityArea 
in line #1357 indicates that the numerical value is 
“21.16”. 

#1354= IFCSPACE('169ZYrVMb2lgExi6vZcZvq',#41,'1',$,$,#1192,#1352,'Room 1',.ELEMENT.,.INTERNAL.,$); 

#1358= IFCELEMENTQUANTITY('0S5Ul6kvAEQ3iXLvbcv',#41,'GSA Space Areas',$,'GSA BIM Area',(#1357)) 

#1357= IFCQUANTITYAREA('GSA Space Areas',$,$,21.16); 

 Thanks to an algorithm based on these 
examinations, these data can be easily exported 
from the IFC file with a programming language. 
Thus, the data of the model, which is the most 
important step for Automatic Code Compliance 
Checking, will be obtained. 

6.1. Code compliance checking 

In order to compare the rules obtained in the 
legislation with a project drawn up in a BIM-based 
program and to check whether the project is in 
compliance with the legislation, the following steps 
should be followed: 
1. Rules are determined in the relevant legislation. 
2. The IFC file of the drawn project is exported 

from the BIM program. 

3. The hierarchy of the parameters that define the 
stated rules in the IFC file is determined. 

4. Depending on the specified hierarchy, the script 
is written so that the data can be exported from 
the IFC file. 

5. If it is necessary to apply mathematical 
operations to the data obtained from the IFC 
file, these are performed. 

6. The results are compared with the rules from the 
regulation. 

7. The report is prepared. 
 In order to show the operation of the above 
algorithm, the algorithm was followed manually 
using a sample. In the first place, it is necessary to 
determine the rules from the legislations regarding 
the buildings. The main legal regulations in Turkey 
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are as follows: Zoning Law, Building Bylaws, 
Parking Regulations etc. In this study, the criteria 
that the storey heights of the buildings must meet in 
the Turkish Building Bylaws are taken into 
consideration. The 28th article of this legislation on 
storey heights is given below [78]: 

ARTICLE 28- (1) If the storey heights have not 
been determined more in the implementation 
zoning plan, the maximum from one the slab top 
elevation to the other slab top elevation; 
a) In the trade zones; 4.50 meters on ground 
floors, 5.50 meters on ground floors with 
mezzanines; 4.00 meters on other floors, 
b) In mixed areas where trade is also possible; 
4.50 meters on ground floors, 5.50 meters on 
ground floors with mezzanines; other floors are 
3.60 meters if the residence is outside, 4.00 
meters outside the residence, 
c) 3.60 meters on ground and normal floors in 
residential areas, 
ç) In the residential areas that can be traded on 
the ground floor, 4.50 meters on the ground 
floors, 5.5 meters on the ground floors and 3.60 
meters on the other floors, 
can be accepted and applied. 

 According to Article 28, it is checked whether 
the storey heights are suitable in the building taken 
as an example. The storey names of the sample 

building model and the appearance of the storey 
heights are given in Fig. 11. 
 The IFC file of the sample building model was 
obtained by exporting from the Revit program. The 
view of the IFC file is given in Figure 7 under the 
"6. Implementation" title. For comparison, the name 
and height information of the storeys must be 
obtained from this IFC file. Therefore, the hierarchy 
of receiving this information needs to be 
determined. The storeys of the sample building 
model are defined in the IFC file with the entities of 
IfcBuildingStorey. The 3rd and 8th attribute of the 
IfcBuildingStorey entity is located between the two 
brackets has the name of the storey. In the last 
attribute, the relevant storey has elevation value. 
Elevation value shows the height value according to 
the zero level of the related storey. In other words, 
it does not show the storey height of that floor. 
From the elevation value of the above floor, the 
elevation value of the examined floor is subtracted 
to obtain the storey height of the examined floor. In 
the IFC file of the model, the name and height 
values of the lines defined by the presence of 
IfcBuildingStorey can be easily taken out of the file 
with a script based on this examination. Afterwards, 
code compliance checking can be made for 
accordance with the relevant regulation article. 
IfcBuildingStorey entities formed in the IFC file of 
the sample building model are given below. 

 

 
 

Fig. 11. View of the sample building model 

Storey height=300cm 

Storey height=320cm 

620 

320 

Elevation
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#127= IFCBUILDINGSTOREY('1XY1wKHp96PRaZ2rMvu16R',#41,'Storey1',$,'Level:8mm Head',#125,$,'Storey1',  
.ELEMENT.,0.00); 

#133= IFCBUILDINGSTOREY('1XY1wKHp96PRaZ2rMvu1oz',#41,'Storey2',$,'Level:8mm Head',#132,$,'Storey2', 
.ELEMENT.,320.00); 

#139= IFCBUILDINGSTOREY('1XY1wKHp96PRaZ2rMvuwpi',#41,'Storey3',$,'Level:8mm Head',#138,$,'Storey3', 
.ELEMENT.,620.00); 

 In accordance with the above information, the 
name and height values of the storeys of the 
building model will be easily obtained with the 
script to be written. The model is a building built in 
residential areas and consists of two floors, namely 
first floor (Storey 1) and normal floor (Storey2). 
With the help of a control panel to be created as in 
Table 3 according to sub-clause c of the 1st sub-
article of Article 28 of the Turkish Building 
Bylaws, the compliance of the storey heights of the 
building model according to the regulation can be 
checked. These reviews show that the IFC file 
structure is directly related to automatic code 
compliance checking. 
 
7. Conclusion 

Among AEC industries, BIM is considered to be the 
most effective platform for information exchange 
for design, construction and facility management 
activities. BIM is a common requirement for 
interoperability. BIM offers new opportunities for 
anyone involved in a building design and 
construction project to make well-informed project 
decisions, communicate better, optimize workflows 
and improve documentation. Thus, it increases the 
efficiency and accuracy of the design and 
construction of a building planned to be 
constructed. Also, most of the tools used in design 
and construction projects support the export or 
import of file formats of BIM programs. The 
information of the building elements of the models 

obtained from BIM-based programs is created in 
the form of IFC entities within the IFC file format. 
The IFC file format is a data model used to define 
building data and geometry in building disciplines 
and stages of the building life cycle. This 
information can be easily transferred between 
different software. In this way, it also creates a base 
for systems that allow automatic control of 
compliance with building regulations and 
standards. 
 In this study, IFC file format of an exemplary 
building model designed with a BIM-based 
program is examined. It has been determined where 
and in which order the data needed to perform the 
automatic code compliance checking is in the file. 
This information can be exported from the IFC file 
by using an algorithm and using a programming 
language. Thus, the data of the model, which is the 
most important step for automatic code compliance 
checking, can be obtained. As a result, it has been 
demonstrated that the data that will enable 
automatic code compliance checking can be 
obtained from the IFC file format with this method 
and that the IFC file structure is related to automatic 
code compliance checking. 
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Table 3. Control of storey heights according to legislation values 

Storey heights - code compliance checking table 

Storey name Storey heights 
(cm) Rule in legislations 

Compliance Check 
Compliance Not Compliance  

Storey1 320 The storey height must be <360 cm   
Storey2 300 The storey height must be <360 cm   
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