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Abstract. Several research and development projects in the construction industry show the need 

of coherent product libraries to ease information sharing among involved stakeholders. In these 

projects, designers are often the main actors addressed in the creation and fruition of such product 

libraries. Besides designers, the presented research addresses the needs of manufacturers, clients 

and users. To achieve this coherence of product libraries, there are issues such as standardisation 

of product data templates, numerosity and heterogeneity of products categories, interoperability 

in sharing data and scarce thrust of manufacturers in developing extensive libraries. Considering 

the European directives and regulations, manufacturers are required to provide detailed and 

structured information about their products, e.g. in the form of CE marks and/or Declaration of 

Performance (DOP). Hence, developing data structures that are already compliant with CE marks 

and DOPs information requirements improves manufacturers’ capability of promoting their 

products. Moreover, this makes clients and users aware of provided information, giving them the 

possibility of comparing performances of different products and consequently choosing only 

those products that fit better their needs. The aim of the here described research activity is 

twofold: defining a common data structure for product data and using existing technologies to 

share these data. The presented research proposes a conceptual model for providing such 

structure for product data to facilitate Product Data Management (PDM). This structure relies on 

standardised Product Data Templates (PDT) and Product Data Sheets (PDS) for enhancing the 

sharing process within to a Building Information Modelling (BIM) environment. Moreover, an 

eXtensible Markup Language (XML) structure has been developed for transferring product data 

allowing a machine-readable exchange of information. The result of the described research is the 

definition of information requirements for developing an online product library that permits a 

user-friendly consultation by stakeholders and an automated extraction of data by software. 

1.  Introduction 

While designing, constructing or operating a building, several construction products are adopted and 

different activities on them are required (e.g. for their installation, for their maintenance, for their 

disposal). For performing these activities, it is essential to deeply know each aspect (e.g. performance, 

dimension, composition, environmental impact) of the specific considered product. Hence, for tracking 

a product without information losses, it is required a complete description of its characteristics and an 

uninterrupted flow of product data along the building life cycle. However, several obstacles are still 

affecting information exchange processes, making them unreliable, redundant or uncomplete, and 

therefore not efficient. These obstacles are often related to difficulties in accessing and comparing data 
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because of the lack of a standardised and well defined structure for collecting information, but also due 

to difficulties in sharing data because of interoperability issues. Moreover, manufacturers are often 

discouraged in providing information about their products considering the vast number of categories 

and the efforts for developing extensive libraries. 

For overcoming existing barriers, the presented research aims at identifying requirements for the 

development of a BIM library, relying on: 

• the definition of a common data structure for product data, i.e. compliant with national and 

European directives, regulations and standards;  

• the use of existing technologies to share these data, i.e. adopting XML. 

2.  Literature Review 

This section provides the background information and research works related to BIM, product library, 

product data management and interoperability. 

2.1.  BIM 

BIM is the process of designing, constructing or operating a building or infrastructure asset using 

electronic object orientated information [1]. This object orientated information refers not only to the 

geometric content, but also to the information needs for specific purposes [2]. These information needs 

can be different according to the stakeholders who use these data and according to the stage of the 

building process when the information is used or required [3]. 

Within the presented research, the requirements of manufacturers are addressed. Hence, while 

defining the informative content for describing products, the needs outlined since the design stage are 

taken into account.  

For implementing BIM-based processes, digital solutions are often adopted for managing 

information in an ordered structure. Several efforts have been devoted for developing solutions and 

optimising methods for sharing information about buildings. Referring to the level of products, two 

improvements in the management of information are represented by the development of BIM libraries 

[4][5][6] and the definition of Product Data Templates (PDTs) [7][8][9][10]. BIM libraries are tools 

published on the web for hosting objects describing products; PDTs are structures for defining 

standardised data content, listing attributes required for describing objects from a geometrical and alpha-

numerical point of view. 

Generally, these two aspects are considered separately: on the market, several BIM libraries have 

been published without a clear and consistent structure for hosting information and, vice versa, PDTs 

have been developed without considering attributes describing objects in existing BIM libraries.  

2.2.  Product Library 

Standardized information needs to be provided in a structured and consistent form. Within this context, 

several international and national activities have been developed for defining Product Data Templates 

(PDTs) and Product Data Sheets (PDSs) [11]. 

PDTs describe the data fields required to define products used during design, construction, operation 

and management. These data fields are sets of attributes and parameters for describing products. PDTs 

are presented in a structured tabular format using standardized fields to accurately describe objects, 

allowing like-for-like comparisons and informing model creation. 

When populated with specific data of a product, PDTs become PDSs to be made available to different 

stakeholders (such as designers, installers or facility managers) to properly understand, check and take 

into consideration all the useful properties of a product. Nowadays, a series of standards is under 

development for covering the methodology for creating PDTs, especially with the efforts of CEN and 

ISO standardization bodies. 

A PDS will be generally completed by a manufacturer/supplier. Considering the European directives 

and regulations, manufacturers are required to provide detailed and structured information about their 

products, e.g. in the form of CE marks and/or Declaration of Performance (DOP) [12]. Hence, 
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structuring information in consistent, detailed and coherent databases allow manufacturers to cope with 

their duty in accomplishing regulation and directives. 

However, off the shelf BIM libraries offer different solutions, but their structure is often not 

compliant with existing regulations. Analysing the description offered for windows on three off the shelf 

BIM libraries, it is evident the lack of a complete description of the published products. Indeed, in two 

cases, no performances are listed, while in one case only the main properties are described (but there is 

not a complete set of information, as required by the standard EN 14351 [13]). 

On the other side, among the main functionalities offered by the analysed BIM libraries, it is worth 

to outline the comparison among products, the indication of area of trademark or the direct link to the 

website of the manufacturer.  

2.3.  Product Data Management 

PDM represents a solution for exchanging structured, consistent, detailed and coherent product data [14] 

and establishing links and relations between object attributes and properties [15]. Hence, PDM allows 

describing product life cycle properties. 

However, while successful implementations of PDM is recognised in other industries, e.g. the 

mechanical engineering industry [16], several difficulties arise in the construction sector due to the 

differences and variables that have to be considered in each building process. Indeed, the advanced 

design process in other industries heeds the use and reuse of components during the design process, 

designed and made for mass-production [17]. Within this context, BIM libraries can be developed 

considering features for reuse and configuration of components, either from generic or manufacturer-

specific libraries [18]. 

2.4.  Interoperability  

To facilitate collaboration in the AEC industry, for decades it has been a common practice to provide 

one-to-one interaction between heterogeneous software applications. However, this approach provides 

inefficient collaboration due to numerous data interfaces and different data formats. With the 

exploitation of Building Information Modelling (BIM), the Industry Foundation Classes (IFC) have been 

used for exchanging data with the expectation of fostering interoperability among heterogeneous BIM 

software. Despite this, there are some issues regarding different interpretation techniques of these 

heterogeneous software tools [19], leading to inconsistent data models. Several researches have been 

conducted to solve the interoperability issues [20][21][22][23], suggesting a common IFC-based BIM 

platform and different IFC-based formats such as IFCXML, IFCOWL etc. To support data 

interoperability and flexible data exchange, it has been a trend for the information exchange applications 

in the AEC industry to use semantic web technologies or tools from the Linked Open Data (LOD) 

domain. To connect the well-established IFC standard with the semantic web technology, ifcOWL has 

been introduced. ifcOWL is represented by an agreed Web Ontology Language (OWL) ontology 

[24][25]. 

IFC-based formats are more focused on models of construction objects such as wall, building, 

apartments etc. While this paper focuses on the Product data such as properties of windows, cements, 

plasters etc., a common and reliable format (i.e. XML) in the Software development field has been used 

for exchanging product data information.  

Software developers often face the problem of having systems and databases containing data in 

incompatible formats. Thus, they lack of having a reliable format for exchanging data among 

incompatible systems over the internet. XML is the Extensible Markup Language, that provides rules 

for creating, structuring, and encoding documents. XML can be used to store data in files or databases. 

It is possible to write applications to store and recover information from the XML documents, and write 

generic applications to display certain types of data. XML means a language-agnostic programming - 

all of the major programming languages provide mechanisms for reading and writing XML documents, 

either as part of the core or in external libraries. Moreover, the strict definition of the Markup-Language 

resulted in a variety of tools and every XML instance (given it is well-formed) can be processed by of-

the-shelf tools. Converting to XML data reduces the complexity of incompatible formats, and also 
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creates data that are easy to read by any kind of application. In this way, it allows communication 

between applications thus foster interoperability. 

3.  Structure of Product Data  

This section is intended to provide a description of the structure of the product data through the process, 

performance and sustainability related information, that helps to understand the structure of the 

information that has been considered in the presented work. 

3.1.  Process  

In the domain of Construction Engineering, a technical datasheet is usually adopted to describe technical 

characteristics of an item or product. It is published by manufacturers to help people in choosing 

products or using them in the right way. Usually, a technical sheet may offer an average value, a typical 

value, a typical range, engineering tolerances, or a nominal value. For some of the characteristics of the 

specific product, descriptions and reference standards (if there are any) are represented. For other 

characteristics the value, unit of measure and dependencies on different standards (if there are any) are 

specified in the technical sheet. By contrast, a technical specification is an explicit set of requirements 

to be satisfied by a material, product, or service which is termed as “Norm”. 

Product libraries gather product-related data, listed in a set of attributes. The presented research 

defines groups of attributes for describing products through information related to: 

• the manufacturer who is responsible for the description of the product; 

• the product factory where the product is realized; 

• the main information required for identifying a product; 

• the description of performances and characteristic of the specific product; 

• conditions for transport and commercial information. 

All the groups of attributes are part of a technical datasheet.  

For creating a consistent product library, the presented research relies on: 

• the definition of a first set of attributes compliant with standards and European directives (e.g. 

with reference to CE marks and DOP); 

• the selection among different attributes for defining different levels of information according to 

each stage of the building process.  

3.2.  Performances – related information  

For making the trade of products possible within the European community, some information and 

documents are strictly required to manufacturers. In detail, construction products can be commercialized 

if combined with CE mark and DOP. 

Hence, as great efforts are required to manufacturers for creating massive BIM libraries for 

describing their products, a standardised structure collecting all the performances for their specific 

products can be helpful.  For collecting this kind of information, a standardized structure could be 

organized according to the information defined in Construction Products Regulation EU 2011/305 [12] 

and in Commission Delegated Regulation (EU) 574/2014 [26].  

Furthermore, for describing products according to their performances, harmonised standards could 

be used as sources for essential characteristics and properties that are strictly required for the CE-

marking of a product. As performances-related information could be ordinately stored in a digital 

environment, a solution for a digital CE marking for construction products could be set. 

3.3.  Sustainability – related information 

Besides information concerning performances, the increasing attention towards sustainability is 

enriching the description of products with environmental aspects. For defining a standardised structure 

for collecting sustainability-related information, the research identifies European and national standards 

as possible sources of attributes.  



SBE19 Milan - Resilient Built Environment for Sustainable Mediterranean Countries

IOP Conf. Series: Earth and Environmental Science 296 (2019) 012053

IOP Publishing

doi:10.1088/1755-1315/296/1/012053

5

 

 

 

 

 

 

A list of indicators for sustainability is provided by EN 15804 [27]. Furthermore, according to the 

Italian regulation [28], additional information can describe products in relation to minimum criteria for 

environmental inspections (e.g. with reference to the content of materials to be reused). 

4.  Conversion of Product Data collection into a Digital Product Library  

The discussion from the Literature Review presented in section 2 shows the need to develop a digital 

product library for the construction products. To accomplish this purpose, the presented work analyses 

the complex structure of the construction product data and a conceptual model together with a meta-

model have been developed in the design phase. These developed models have been followed during 

the implementation of the product library. 

4.1.  Conceptual Model 

To realize a phenomenon, there is the need to capture ideas in a specific problem domain. A conceptual 

model is a representation of a system that uses concepts and ideas to form a representation. 

In the overall system development along the life cycle, the conceptual model plays an important role 

by providing a point of reference for system designers to extract system specifications, facilitating an 

efficient conveyance of system details between stakeholders, enhancing an individual’s understanding 

of the representative system and documenting the system for future reference to provide a means for 

collaboration [29]. 

 There are various ways to describe a conceptual model such as UML, ORM, Entity Relationship 

Modelling etc. The work presented in this paper adopted the Entity-Relationship Modelling to show the 

conceptual model of the product data by using Entity-Relationship (ER) notation, in which entities 

represent concepts, while cardinality and optionality represent relationships between concepts [30]. To 

form this system process, the relationships are combined with the entities, then attributes are added to 

further describe the process.  

For describing a construction product (i.e. in compliance with UNI 11337), different entities have 

been identified in the conceptual model. The presented work considers that the Entity is an object with 

an independent existence (e.g. Manufacturer, Technical sheet etc.), which is represented by a set of 

Attributes (its descriptive properties, e.g. ID, Name, Address etc.) and the Attribute values that describe 

each entity become a major part of the data eventually stored in a Product data library. The developed 

conceptual model (figure 1) has the following entities:  

• Technical Sheet; 

• Manufacturer; 

• Product Factory;  

• Product Identification Information, consisting of 3 sub entities: 

• Characteristics for CE Marking / Referenced Norm;  

• Fixed characteristics; 

• Variable characteristics;  

• Transport; 

• Commercial Information; 

• Sustainability. 

 

As the manufacturer can input new characteristics on the technical datasheet of the specific product, 

this part has been generalized by introducing the entity “Row” which means a row that has at least 1 to 

n “Sub row” and at least 1 to n “Column”. The same method has been adopted for managing attachments, 

introducing the entity “Attachment” and providing users the possibility to specify different properties, 

as the type and the name of the attached file. 

  

https://en.wikipedia.org/wiki/Unified_Modeling_Language
https://en.wikipedia.org/wiki/Object-role_modeling
https://en.wikipedia.org/wiki/Entity-relationship_model
https://en.wikipedia.org/wiki/Entity-relationship_model
https://en.wikipedia.org/wiki/Cardinality
https://en.wikipedia.org/w/index.php?title=Optionality&action=edit&redlink=1
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Figure 1. Conceptual model of a construction product  

 Moreover, the presented conceptual model (figure 1), incorporates representations of both behaviour 

and data at the same time by illustrating 1-to-1, 1-to-many, and many-to-many relationships within the 

system. Indeed, entities are related through different relationships. Particularly: 

• technical datasheets are sold by manufacturers, that have product factory; 

• technical datasheets describe product identification information;  
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• technical datasheets are composed of different sections, represented by different entities, as 

sustainability, commercial information, transport. 

Relationships allow also to describe different aspects of a product. As an example, by linking product 

factory and sustainability through a relation, it is possible to declare different environmental indicators 

for the same product when it is produced in different factories.  

4.2.  Conceptual Meta-model 

This work also emphasizes on the meta-modelling approach [31] to provide an explicit description of 

how the domain specific model or conceptual model for the product data has been built. On one hand, 

the meta-model provides the abstraction of the model by highlighting properties of the model itself. On 

the other hand, it facilitates applicable and useful construction of models by providing constructs and 

rules. For example, in figure 2, to represent the values of different characteristics of the product data, 

the entity Value has been explicitly defined by 4 types of data, such as List, Range, Text, Single number. 

To explicitly define the constructs and rules of the properties presented in the conceptual model, a 

meta-model has been developed as represented in figure 2. This meta-model considers the characteristics 

specified in the technical sheet of a specific product. The characteristics represented in the technical 

sheet are: 

• Geometry and Form  

• Dimension 

• Visual and constructive aspects 

• Chemical Physics-Qualitative 

• Chemical Physics-Quantitative 

• Tolerances 

• Main components of the product 

• Declared performances 

In the meta model, the consideration has been taken to the fact that the producer can insert different 

types of values for each of the above-mentioned characteristics. The value can be a list, range, text or 

single number. Moreover, other considerations have been taken following the real-world phenomena, 

such as a producer can insert 1 to n characteristics, each category of the specific product can have n 

typology and each typology can have 0 to n characteristics. Also, one category of a product may have 

no typology but it can have 0 to n characteristics. In addition, product, typology and characteristic can 

have up to n reference norm or marking CE.  

4.3.  XML Structure 

As one of the aims of this work is to share the product data automatically, an eXtensible Markup 

Language (XML) structure has been developed in order to allow a machine-readable exchange of 

information. The developed of the XML structure follows the structure of the Technical sheet and 

Declaration of Performances (DOP) of a construction product. An XML Schema Definition (XSD) has 

been developed for formally describing the elements in the developed XML document for the 

construction product. 

Both HTML and XML are markup languages: XML is used to describe data focusing on what 

the data represent, while HTML is used to display data focusing on the way data look. XML can 

store data separately from HTML or inside the HTML documents. It is possible to design a HTML 

form structure so that it embeds all data content and structure of some XML data such that the XML 

data are displayed in the fields of the HTML form. 
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Figure 2. Conceptual meta-model of a construction product. 
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To facilitate the manufacturer in inserting different characteristics and related attribute values, 

an HTML form (figure 3) has been developed. This has been possible by using the developed XSD 

and XML file in an HTML form generator editor1. In this way, the HTML form and the XML data 

are logically equivalent in terms of the contents of the XML data. 

 
Figure 3. XML structure in HTML form  

After the manufacturer enters the values in the attribute fields, this editor can create the XML 

document with the inserted values as depicted in figure 4 and can be saved for sharing with other 

applications. 

 
Figure 4. XML structure  

 

 

                                                      
1 http://www.datamech.com/XMLForm/ 

http://www.datamech.com/XMLForm/
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5.  Conclusions 

Defining a common data structure for describing products and using existing technologies to share 

product-related data allows to define the requirements for developing an online library. Accessing 

information stored in such a consistent library brings benefits to: 

• manufacturers, who have the possibility to share information about their products and promote 

their objects, even if a great effort is required to manufacturers for creating “complete” objects, 

rich of information; 

• clients and users, who have the possibility to access information about different products 

becoming aware of provided information. 

• Identified requirements for sharing information about construction products are: 

• performance-related information and sustainability-related information: 

• interoperable exchange of information; 

• standardized format always updated.  

The described research activity shows the definition of requirements for developing an online product 

library that permits a user-friendly consultation by stakeholders and an automated extraction of data by 

software. 
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