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In the building industry, building data such as objects and processes are described in Industry Foundation Classes
(IFC) datamodel schema to support a neutral data exchange format for BIM tools interoperability.While IFC spec-
ification has been encoded in ifcXML format by buildingSMART to support XML-based data transmission, there is
a lack of studies on the implementation of IFC specification using JavaScript Object Notation (JSON) serialization.
JSON is a key-value style lightweight data exchange format that has higher parsing efficiency than XML and due
to the inadequacies of XML, JSON has been widely used in Web applications, specifically in Asynchronous
JavaScript and XML (AJAX)Web services. This paper highlights the need for JSON implementation of IFC specifi-
cation and introduces ifcJSON Schema and its data content. Themain objective of this study is to outline how IFC
specification can be represented in JSON format. Therefore, the study explains the implementation of the IFC
standard as a JSON schema to guide the creation of JSON documents. The ifcJSON documents can be used for
web-based data transfer as an alternative to XML documents. Since current IFC specification release is IFC4
Add1, the implementation of ifcJSON4 schema is specified and guidelines for generating and validating ifcJSON
documents are described. Additionally, this paper implements ifcJSON4 schema in a use case within the precast
concrete domain by indicating the data content for a precast building element with its corresponding geometry
representation, product placement, and owner history data. The analysis of results indicates that ifcJSON4 sche-
ma developed in this paper is a valid JSON schema that can guide the creation of valid ifcJSON documents to be
used for web-based data transfer and to improve interoperability of Cloud-based BIM applications.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Existing methodologies for Cloud-BIM data integration and data ex-
change has been studied in a prior research [1] that highlighted chal-
lenges in current model-based data exchange and pointed out that
current methodologies have not fully exploit the potential of the
Cloud. Most importantly, while vendor specific data formats are quite
diverse, they are based on multiple and different data schemas, and
data standards for Cloud-based cross-platform data exchange purposes
are limited. In the building industry, building data such as objects and
processes is described in Industry Foundation Classes (IFC) data model
schema to support a neutral data format for BIM tools interoperability.
IFC schema defines a set of generic building objects with associated at-
tributes and properties as well as multiple shape definition methods
for the objects [2].

IFC data can be encoded inmultiple file formats for various purposes
[3]. In fact, data serialization is defined as encoding objects or translating
data into a format that can be stored in a file, memory or a database or

that can be sent to other application. In fact, a proper data serialization
format can affect data transmission rates and performance significantly
[4]. So far, IFC specification is provided as EXPRESS and XSD definitions
[5] and IFC data files that are being exchanged between applications use
three main data formats including “.ifc” using the STEP physical file
structure, “.ifcXML” using the eXtensible Markup Language (XML) doc-
ument structure, and “.ifcZIP” using the PKzip 2.04 g compression algo-
rithm [3].

On the other hand, XML and JavaScript Object Notation (JSON) are
two different data serialization formats used in web applications [6,7].
These two approaches are applied in data transmission between web
applications which typically are the application in Asynchronous
JavaScript and XML (AJAX). Since XML and JSON have different features,
they have been used for different situations but often only one approach
is used in development to ensure unity and readability [7].
buildingSMART International has implemented the IFC standard using
XML technologies as ifcXML specification [8,9]. XML is a platform inde-
pendent language for representing data and has been used in the devel-
opment of web service applications. However, the performance of web
services have shown a significant decrease when using XML data be-
cause of the low efficiency of reading and parsing XML data during the
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execution of services [10]. Based on themeasurement ofmetrics such as
the number of objects sent, total time to send the number of objects, av-
erage timeper object transmission, user CPUutilization, systemCPUuti-
lization, and memory utilization, it has been proved that JSON is
significantly faster and has higher parsing efficiency than XML [4,7]. Be-
sides, AJAX has become one of the popular technologies for developing
web services [11]. AJAX is a web technique to transfer data between a
browser and a server asynchronously and has several advantages over
the classic web applications since it reduces response time, server
load, and bandwidth of web applications [12]. Initially, XML was used
in awide range of AJAX developments, but gradually XML showed inad-
equacies because its performance reduces significantly when it is ap-
plied to interactive pages [7]. In order to address the issues of XML-
based services, AJAX decreases the server workload by applying
JavaScript at the client side. JSON is a native data for JavaScript and
this feature makes JSON a proper format to be used for data exchanging
in AJAX applications [10]. JSON is a key-value style lightweight data ex-
change formatwhich is independent of any programming language and
unlike XML it is easy for machines to parse and generate while it is also
human readable [7].

While JSON has become an obvious choice over XML for web ser-
vices, so far there is a lack of studies on implementing IFC specification
using JSON serialization. This paper highlights that there is a need to
provide guidelines on how to translate IFC data to JSON to indicate
how IFC schema can be represented as JSON specification. Therefore,
in this paper the main objective is to outline that IFC specification can
be represented in JSON format. The ifcJSON Schema introduced in this
paper, is an alternative to IFC EXPRESS specification and the ifcJSONdoc-
ument is an alternative to the Step Physical File (SPF) representation. In
fact, this study addresses how to implement IFC standard as a JSON
schema to generate JSON documents for web-based data transfer. In
our previous study [13], the opportunities for Cloud-BIM interoperabil-
ity and the need for aWeb compatible data format that follows common
agreements and terminologies have been pointed out. The ifcJSON sche-
ma and document developed in this paper can facilitate standardization
of JSON-based BIMdata and can have amajor impact on interoperability
of Web-based BIM applications by unifying BIM data representation
based on both industry-wide standard i.e. IFC and Web compatible
data format i.e. JSON. This approach to interoperability of Web-based
BIM applications can expedite the production and revision of construc-
tion documents through using Web compatible BIM documents.

In this paper, first a review of the IFC schema in EXPRESS and XML
specification is presented in Section 2 and accordingly, the study will
point out the significance of developing ifcJSON representation in
Section 3 inmore details. Then, themethodology for JSON implementa-
tion of IFC data schema is specified in Section 4. In Section 5, the data
model mapping for ifcJSON schema is defined, and the implementation
of the ifcJSON document as the exchange data for the ifcJSON schema is

specified. Also, thedata validationmethods that are used in this paper to
ensure the data is correct and useful are described. In addition, the
ifcJSON is implemented in a use case explained in Section 6 for the pre-
cast concrete domain to specify the geometry representation, product
placement, owner history and a building element data both in ifcJSON
schema and ifcJSON document. Then, the results of the study are pre-
sented and discussed in Section 7 to outline how the objective of the
paper has been addressed and the limitations of this approach are ex-
plained in Section 8. Recommendations and the direction for future
studies are also described in Section 9.

2. IFC schema and data serialization

IFC data model provides the basis for a common understanding of
the building processes and the required information results from their
execution [14]. IFC represents an open specification by introducing ob-
ject classes and provides a useful structure for data sharing among ap-
plications [15] in a building construction or facility management
project.

IFC specification has a data schema that is represented as an
EXPRESS schema specification. ISO 16739:2013 consists of the IFC data
schema in an EXPRESS schema specification, and reference data for
the description and definitions of property and quantity names [16].
EXPRESS itself is an information model specification language which is
defined as ISO10303-11 by the ISO TC184/SC4 committee [5]. It is devel-
oped as part of the STEP standard for productmodel data exchange [17].
The IFC exchange file structure, with the extension “.ifc” or “.stp”, is
known as “STEP Physical File” (SPF) format. It is an ASCII file format
using a clear text encoding of product data for exchanging IFC data be-
tween different applications [5,8,18]. Current IFC release is IFC4 Add1
[19].

Alternatively, there is an XML Schema specification for IFC data
model (i.e. ifcXML) represented as XML definitions [3]. The ifcXML file
structure, with “.ifcXML” or “.ifx” or “.xml” extension, is the XML docu-
ment structure [5]. The XML schema is automatically created from the
EXPRESS representation of IFC schema by a language binding described
by “XML representation of EXPRESS schemas and data”, defined as

Fig. 1. Example of a GeoJSON “Feature” [31].

Table 1
Definition of JSON document and JSON schema in BIMserver.

BIMserver JSON document Parts of BIMserver JSON Schema
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