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The project and the constructive processes of a building require adequate interdisciplinary relationships. 
It requires from the stakeholders a constant need of communication to provide a sustained decision-
making. To fill in the gaps of current working methods regarding collaborative processes and the 
possible errors that may occur, a new working methodology named Building Information Modeling 
(BIM) emerges. This methodology is based on more collaborative processes, a high level of 
communication and the spatial visualization of the project, with accurate and updated information. 

The present study identifies the main capabilities of the BIM methodology’s implementation in the 
project’s development, with focus on parametric modeling, and obtaining precise and updated 
information related to floors throughout the design, construction and post-occupation management 
phases. The work carried out involves the creation of a BIM model and a library of parametric objects 
representative of the floors constructive solutions, considered the most significant on the national 
market. The information pinpointed in the model, together with the parameters added to the floor 
objects are used in the development of tasks supported in the BIM model. These tasks include 
automatic generation of technical drawings, extraction of quantities, cost estimation, support for 
planning and simulation of construction, energy, sustainability and environmental impact studies, as 
well as support for management and maintenance of facilities. 
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1 Introduction 

The Architecture, Engineering and Construction (AEC) industry is an important base of the national 
economy, therefore it is necessary to follow the global technological evolution in order to promote its 
growth in a competitive way. 

In recent years, construction support tools have emerged with greater modeling, visualization and 
interaction capabilities, allowing the design and development of more collaborative projects. The 
implementation of the Building Information Modeling (BIM) methodology supports the execution of 
various project-based tasks. The BIM methodology is based on the generation of a three-dimensional 
model, formed by parametric objects. It is capable of containing all the information created during the 
project’s design and must be updated throughout the building’s life-cycle. 

In order to obtain a quality final product, the project coordination must be carried out in a way that does 
not arise problems at work and brings closer together the developer, the contractor and the teams of the 
different specialties involved in the project. To do this, it is essential that all participants exchange 
information on the same language that is organized and classified according to the same rules. For this 
to happen, it is fundamental that all stakeholders work on a common work base, easy to access, consult 
and permanently updating. Thus, the adoption of alternative solutions allows the attainment of work 
costs estimates, the building’s life cycle, the environmental impact, among others. The choice of the 
constructive system to be applied on a building floor has a significant importance in a work value, and in 
this context the BIM methodology appears as an alternative to the project development, since it 
introduces the possibility of obtaining this type of information on a initial phase, still on the virtual model, 
allowing a reduction on the associated time and costs of a certain solution adoption. 

This work targets the BIM methodology, using the Autodesk Revit 2017 software to support the 
modeling of a real building and retrieve information related to the design, construction and post-
occupation management of the building. The objective of this study is to contribute to the creation of a 
library of parametric objects regarding floors commonly applied on building’s interior. The objects are 
created to include an important set of parameters that can be used to elaborate various types of tasks 
normally present on the project and to support the selection of alternative options according to their 
suitability for the project. 
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2 Building Information Modeling 

The BIM concept is based on the creation of a digital model that integrates all the information required 
in the project’s definition and allows its consultation and manipulation, supporting the execution of 
activities based on the created information and filed in the BIM model. 

The origin of the BIM concept dates back to the late 1970s, when Charles M. Eastman [1] refers to an 
innovative modeling mode based on construction products with associated information, sharing the 
same conceptual principles at the level of representation and organization of the current 
methodology’s information. However, the term Building Information Modeling is referred, for the first 
time, in the context of van Nederveen's article of 1992, which presents the idea of geometric models 
composed by objects associated to information [2]. The current BIM term is referred with a 
multifaceted scope by Philip Berstein, of Autodesk, being the concept later generalized as the digital 
representation of the processes of construction [1]. 

2.1 BIM concept 

The BIM is a model that contains, in addition to geometric data, all the information related to the 
construction, being able to present several degrees of complexity, associated with the information 
levels contained in the model [3]. According to Eastman [4], BIM "is a modeling technology and a set 
of associated processes to produce, communicate and analyze construction models." In the process, it 
is created a model composed by construction components represented by objects associated to 
graphical computational attributes (visible aspect), data referring to the materials physical properties 
and, also, parametric rules of relationship between elements. These characteristics allow the definition 
of consistent geometric models and the elaboration of different types of studies and processes related 
to the construction [4]. The National Building Information Modeling Standard (NBIMS) organization [5] 
refers that BIM is “a digital representation of physical and functional characteristics of a facility. As such it 
serves as a shared knowledge resource for information about a facility forming a reliable basis for decisions 
during its life-cycle.” This capability is the basis of multiple operations that are possible to perform on the 
model. The global scope of BIM is broad, so this same institution classifies the methodology on three 
aspects: a product, a collaborative process and a facility’s life cycle management requirement. 

A building is represented on the BIM model by parametric objects associated to the detailed 
information of each building component’s identity and composition. This parametric model, rich in 
information, easily allows the study of design alternatives, by replacing the type or the adequacy of the 
used parametric objects characteristics and their analysis directed to the aspects of energy 
sustainability, structural calculation, aesthetic value and budgeting, as well as to obtain different types 
of drawings and perspectives to each considered option. The parametric concept refers not only to the 
geometric aspect, but also to the materials identification and their physical properties. Regarding 
geometry, the parameters define constraints and implications associated with objects, resulting in the 
creation of an "intelligent" model that automatically adapts to the adjacent elements [1]. This is the 
main aspect that differentiates the BIM model from the 3D/CAD geometric model. Thus, a BIM 
parametric object supports the incorporation of relationship rules between adjacent elements, allowing 
geometry to be adapted to the remainder model’s elements, originating non-redundant configurations 
(it does not admit shape inconsistency). In addition, the parameters related to materials and their 
behavior can, by the type of object, be increased and the values updated and modified, so as to 
enable different types of quantification (components and materials) and analysis (acoustic, energy or 
budget) on the model [4]. In the present work, it is used the software Autodesk Revit Architecture 
2017, as the study to be characterized focuses essentially floors and, necessarily, the surrounding 
architectural elements. 

2.2 Standardization 

Standardization emerges as a tool for the establishment and uniformity of operational processes that, 
together with neutral formats, allow faster and more efficient information sharing by establishing 
common rules. Proper standardization constitutes a reliable basis in the development of BIM 
processes, facilitating the sought information transfer, thus protecting the accountability of 
stakeholders [6]. Interoperability is the software’s ability of allowing the exchange of information between 
applications so that the data can be manipulated between different BIM platforms [7]. BIM is a digital 
representation in which information can be shared based on open standards of interoperability [5]. Thus, 
to establish an effective collaboration and workflow swiftness, BIM tools and platforms need to be 
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compatible with each other at the process level, particularly when the work involves interdisciplinary 
teams in the same project. In this regard, the Industry Foundation Classes (IFC) format has been 
adopted. 

The Industry Standard Classes (IFC) norm is a universal, open, and independent format designed to 
define a broad set of data representations that allow the exchange between BIM-based applications 
used in the Construction industry [4]. This format was developed by buildingSMART International as 
its data standard, registered as ISO 16739 [7] and, currently, IFC model is the universal format 
required to share this type of data amongst BIM based tools [1]. Level of Development (LOD) of a BIM 
model is a concept associated to a model’s level of detail. It covers the detail of the graphical 
representation and the level of information contained by the object, such as the materials physical and 
mechanical characteristics, supplier and cost. However, the LOD concept is often confused with Level of 
Detail, that refers to the amount of information (detail) that was introduced in the model element (object). 
The level of geometric detail or non-geometric information can be considered only as an element’s input, 
while the development level generates a reliable output [8]. 

In order to design interoperable formats, the study of data organization structures has been ongoing, 
namely, different kinds of data classification. Classification systems are defined as the tools that 
determine groups based on similar characteristics. The systems identify, interpret, coordinate and 
disseminate information on a specific topic, presenting the information as a set [7]. Currently there are 
numerous classification systems established, but the most important used in the AEC industry, and 
considered in this study, are Omniclass and Uniclass. The necessity to create requirements related to 
the way of modeling and the utilization of the modeled information follows from the rapid growth in the 
use of BIM in the Construction industry. Throughout all phases of a construction project, the sides 
involved have an increasing need to define with greater precision what is being modeled and how this 
modeling is performed [9]. The "Common BIM Requirements 2012" publication series are the result of 
an extensive development project titled COBIM, held in Finland. COBIM is based on directives 
transmitted by the proprietary organizations that establish modeling rules appropriate to the different 
uses that can be made on the BIM model’s information [9]. 

2.3 nD/BIM dimensions 

The BIM concept currently includes the elaboration of tasks based on the centralized information 
generated in the BIM model. The BIM model and its multiple uses in project management are often 
considered as nD/BIM applications or models. The nD directions of the utilization of BIM should be 
based on an adequate relationship of collaboration among team members in order to optimize the 
project development process, based on the characteristics provided by the methodology and on an 
efficient interoperability supported by the specific BIM tools used. 

In this work, all the nD / BIM tasks are discussed and applied on a case study. Some of the nD / BIM models 
are illustrated with specific situations of result achievement (drawings, quantities extraction and cost 
estimation). On the remaining models it is only referred the usage and application methodologies based on 
the type and quantity of considered parameters in item 4, regarding the parametric objects production. 

3 Types of floor finishes 

In the national market there is a large number of possible materials to be used as flooring cladding, 
and their selection is an important criterion to be considered by the designer. In the present study, a 
research about the materials commonly used in common building floors was done, oriented to their 
composition on floors and knowledge of their properties. Denominated as floor finishes are the 
building elements, without structural function, placed on the upper surface of the floor. In the scope of 
the work, the floor finish classification is made by type of materials (minerals, wood, textile and 
synthetic), where it was considered the most relevant, in relation to the utilization and the traded 
products in the national market. 

During the definition of the created constructive solutions, which will be part of the library of parametric objects 
to be made available in the Revit system, four groups were considered based on similarity criteria between 
the flooring materials and the construction system components (constituent materials and their thickness). It 
was considered in all cases a reinforced concrete support floor. Therefore, the four groups are the following: 
natural stone cladding (granite, moleanos limestone and moca creme limestone) or ceramic tiles (porcelain 
stoneware); floating flooring made of wood, laminate or cork; carpet flooring; and vinyl flooring. 
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In order to support an appropriate selection for a constructive flooring solution in a building, its main 
characteristics and physical properties must be known, since the approach a solution needs to be adequate to 
the site will depend on the various composing materials and the corresponding characteristics and properties. 

One of the objectives of this work is to analyze the information that is relevant so that the designer can 
base the decision making on different constructive solutions. This information will be materialized as 
parameters and their values associated to the parametric objects, created within the scope of this 
study, in item 4. The parameters to be assigned to BIM parametric objects should be able to support 
the creation of related nD / BIM models with thermal and energetic analyzes, the work planning, the 
costs estimation, among others. Some of the parameters are related to the physical properties 
(thickness and surface mass), mechanical (wear resistance / abrasion), thermal (coefficient of thermal 
conductivity, thermal resistance, coefficient of heat transfer and specific heat), acoustic (percussion 
noise level reduction), economic (cost of construction) and environmental (primary energy 
incorporated), which are expected to be necessary in the characterization of parametric floor objects 
to be established. 

4 BIM Modeling process 

The present item introduces a method to generate a BIM model correspondent to the architecture 
field. This item tries to illustrate a family of objects for which created floor to be used and manipulated 
for establishing alternative solutions. This process explains how to introduce, use and update a set of 
parameters previously mentioned, which are associated to the parametric objects. These objects 
represent the many types of floors selected in the items above. 

The BIM modeling is based on the selection of element types, organized by families of objects, and in 
the relations establishment between elements that include the following: automatic definition of confine 
geometric to the restriction of the imposed space; the establishment of dependent relationships when 
objects are inserted in others modeled elements; the verification of inconsistencies in situations of 
overlapping conflict; and also a high level of interaction, allowed by the BIM base systems, that 
supports the model generation [10]. 

The architecture BIM model to be created, will act as a support to the application of different 
constructive floor solutions, generated by Autodesk Revit 2017. The case study to be modeled is 
referred to a single-family dwelling located in Tavira, Portugal. That single-family dwelling is consisted 
by ground floor, raised floor, a basement, used as a garage and storage, and a roof terrace. The 
modeling was executed based on the technical drawings of the project, composed by floor plans, 
sections and elevations (Figure 4.1), provided in pdf format and later converted to dwg, so that it can 
be transferred directly to Revit. 

 
 

Figure 4.1 - Floor plan and section of the original project in pdf format 

4.1 Creation of the floors objects library 

The Revit floor category, contains only a few parametric objects, and does not include the type of 
floors selected. Consequently, hence it is necessary to define such solutions. In the present work, in 
addition to the sequence of material layers and respective thickness, it is also necessary to add to 
each object to be created the set of parameters mentioned in the item mentioned above. 

Before creating a floor object, it is necessary to check if there are any materials in the Revit library that 
can be part of its composition. For that purpose, all materials that do not exist should be adapted from 
the existent ones. To provide a good organization and facilitate the modeling, a new library of 
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materials must be created. In the case study, the materials were created with the properties and 
values established in the third item. 

4.1.1 Parametric objects of floors 

Revit has a library of preset floors, however the constructive solutions are very limited and there was a 
need to increase the parametric object options for a more adequate application in the generation of 
the BIM model. The options created can later be used in other projects and by other users. Figure 4.2 
illustrates one of the created floor constructive solutions, with the respective graphism, type, thickness 
and function of the material of each layer and the various parameters created. 

 

 

 
 

Figure 4.2 - Graphics, layer’s characteristics and created parameters of one of the floor constructive solutions 

 

In the Figure 4.3 are illustrated, through a floor plan and a horizontal section of the model, the floor 
solutions created and applied in the various divisions, on the ground floor, of the dwelling considered. 
Figure 4.4 represents the eight types of floors created. 

 

  

Figure 4.3 – Floor plan and horizontal section on the 3D/BIM model with the created floor solutions 

One of the important aspects in the project’s development is the need to transfer information between 
projects and users. The floors were created with specific structure and designation for the project of 
this case study, although first originated from a type of floor that belongs to the Revit’s library. For a 
family of created objects to be used by other users and in other projects, it is necessary to make that 
transfer through the Transfer Project Standards command. 
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Figure 4.4 - Graphical representation, in section, of the different adopted flooring solutions 

5 BIM model multi-use  

After the creation of a parametric object for each floor solution and its proper application according to 
the house’s division, the information centralized in the BIM model is manipulated. Therefore, on the 
generated model are described and illustrated the different tasks that the BIM model allows to 
generate. For example, the generation of the project’s technical drawings and the definition of 4D / 
BIM, 5D / BIM, 6D / BIM and 7D / BIM models, where the considered parameters are used.   

5.1 3D/BIM Model – Technical drawings and perspectives  

After defining the constructive floor solutions library, and its application in the case study, Revit’s 
ability to generate technical drawings is analyzed. The project should include the usual graphic 
documentation for the floor plan for each floor, a set of vertical cross sections, the distinct elevations 
and various constructive details (Figure 5.1). 

   
   

   

Figure 5.1 - Perspectives and technical drawing of the 3D/BIM model 

The BIM model is parametric, thus it includes all the information associated to the constitution of each 
constructive element, supporting the alternative solutions analysis. The user, by adopting a 
constructive floor solution for a given room or space, can easily access the parameters solutions 
menu. Another type of floor can be chosen and the model automatically updates the floor and all the 
information that is inherent to it, thus supporting a sustained decision-making. Revit has the tools that 
allow it to manipulate this information and obtain several types of representation. 
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One of the biggest advantages of the BIM software, when compared to CAD, is the easy introduction 
of information and the ability to update automatically when the 3D model changes. These advantages 
can be applied in the production of sections, elevations and constructive details. The parametric model 
allows the extraction of constructive specifications that are intended to be represented and detailed. 
Revit allows the drawing’s edition and add explanatory information (caption) to the constructive detail, 
but this information is only associated to the drawing sheet, not with the specifications in the model. 

5.2 4D/BIM Model – Construction planning and simulation  

The construction process is a complex activity, therefore the construction planning is a fundamental 
activity on the works conception, involving the selection of technologies, the definition of work tasks, 
the estimation and resource management, the logistics and the duration of individual tasks, as well as 
all the interactions between different tasks.  

The bar charts (Gantt diagrams or timelines) and network diagrams are commonly used to plan 
construction activities. These methods do not consider the spatial configuration, related to the 
activities, neither link the activities to the model’s elements, the 4D / BIM models emerges to fill in the 
gaps. A 4D / BIM model considers the association of the time variable to the 3D / BIM model. Through 
the association of the 3D model with the construction planning, it is possible to explore the potential of 
the 4D / BIM model to support the analysis, management, monitoring and planning of the construction, 
since the work map activities are associated with 3D geometry elements. These capabilities include 
the visualization of the construction sequence and process, 4D simulation, visible at any stage of the 
construction, adding reliability and efficiency to the activity of planning and resources optimization [11]. 

The 4D model has been used by designers, engineers, and technical project management teams. This 
model supports the decision-making in the project feasibility analysis and construction operations, cost 
estimation, logistical and human resources management, and promoting better communication and 
collaboration between all stakeholders in the project [12]. 

5.3 5D/BIM model – Quantities extraction and cost estimation  

In a construction project, cost is one of the key factors in the decision-making process. The cost 
estimates have different objectives and accuracy thresholds as they are developed in distinct phases 
of a project. In addition, a correct cost estimate allows a better understanding of the structure, a 
greater certainty in the planning and a better analysis leading to a decrease in the global costs. 

BIM models possess the capability to provide the information relative to the building’s life-cycle costs, 
through a 5D model. This fifth dimension of BIM allows to associate the cost information to the model, 
making it possible to predict and control costs at all stages of construction, e.g., this type of model has 
the ability to integrate all information regarding quantities, scheduling and budget by constructive phases 
[13]. The 3D/BIM model is formed by parametric objects, some of them composed by layers, which 
allow the user to obtain information from the project about the quantity of materials adopted in the 
modeling, at distinct stages of its elaboration and its application in construction (Table 5.1).  

Table 5.1 – Floor’s budgeting organized according to the Uniformat classification 
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The tables that list the number of model elements based on the parametric objects can be 
automatically requested and the list of properties identified by the parameters that are required, 
independently of the number or type of parameters associated to the parametric object. The 
information associated to each parametric object can be introduced to the required data, for example, 
in cost estimation it is necessary to associate the unit cost of each type of object. 

5.4 6D/BIM model – Energy analysis and sustainability   

The sustainability analysis of a project considers, not only the environment aspects, but also a variety 
of impacts agents [14]. Sustainable development has been growing in prominence with the increase of 
buildings life-cycle and, consequently, the buildings management and maintenance. The BIM solutions 
bring an easier way for sustainable development practices by enabling architects and engineers to 
accurately visualize, simulate, and analyze the project in the preliminary stages, achieving more 
sustainable projects and reducing constructions time and costs. 

According to UK Green Building Council [15], the construction operations account about 40% of global 
energy consumption and 30% of carbon gases emissions that cause the greenhouse effect.  
The energy sustainability analysis of a model can be included in the 6D/BIM designation. To obtain the 
environmental behavior simulation, Revit can make an energetic model simulation, also allowing its 
transfer, directly or through an IFC file, to other energy analysis software. 

It is in the designer’s interest to know the tools that can support the decision-making regarding the 
environmental impacts that the project will create, since one of the factors to be considered in the 
selection of a certain constructive system is its impact on the building’s energy consumption. While 
granting the required comfort conditions, the building should have the least energy consumption 
possible. Hence Revit software has an application - Green Building Studio - capable of performing 
energy simulations on the 3D / BIM model, retrieving an environmental behavior simulation of the 
building in different project stages. However, in the present work no energy or thermal analysis was 
carried out, only the properties values necessary to the floors constructive solutions were studied and 
indicated in order to perform such an operation. 

5.5 7D/BIM Model – Facilities management and maintenance  

The main purpose of buildings management and maintenance is to optimize their useful life and 
represents more than 80% of the total cost of a construction project. Taking that in consideration, its 
importance must be recognized [16]. It is necessary to implement a planned and efficient management 
to control the deferred costs proper to this phase. This approach can extend the buildings useful life 
and ensures its conditions of comfort and operation. This definition is called Facilities Management 
(FM) and uses tools that allow to the installation performance maintenance, as projected. A 7D/BIM 
model portrays the building as-built, functioning as a repository of the most diverse information, such 
as: the complete data relative to the installed equipment, manuals of buildings operation and 
maintenance and assets, warranties, photographs, contacts and information about its suppliers, 
replacement costs, etc. 

The implementation of BIM, also in the Construction sector, introduces an improvement in the 
development of buildings management and maintenance carried out by facilities managers. During the 
building’s operation phase, the FM professional can use the digital model to consult the information 
needed, being sure that any changes made to the model were automatically updated. The information 
about replacements or repairs that may have been made can be added. Therefore, facilities 
management is one of the Construction industry divisions that can significantly benefit from the 
implementation of BIM [17]. In this phase of the building's life-cycle, where management and 
maintenance take place, Revit allows the association of each parametric object’s diverse types of 
information, such as object geometry, images / photographs, maintenance plans, equipment warranty, 
location and specifications, or information regarding manufacturers and suppliers, among others. 

There are several tools that support the BIM-FM methodology, with the ability to manipulate the BIM 
model’s information useful for the buildings management, in real time, associating the maintenance 
needs of the equipment and the action plans established.   

6 Conclusions 

In order to design floors parametric objects frequently used in current buildings, a basic study was 

carried out, regarding the characterization of the national construction directed to floors, which led to 
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the selection of a large group of constructive systems (composition by distinct layers material) 

associated to functional and behavioral characteristics, used in the enrichment of the new elements of 

the floor library generated. The floors selection and characterization are supported in reference 

bibliography as well as the set of parameters considered. This research was relevant to develop a 

useful work for a later use by the national designer, because there is a guarantee of confidence 

regarding the consistency of the values assigned to the properties associated to the library objects. 

This component has been arduous in terms of consultation, retention of the essential for the purpose 

and the calculation and summary of values. 

The elaboration and manipulation of the BIM model, supported the realization of several applications, 

focusing on the different properties associated to parametric objects, and is described, in a way 

applied to the case study, in the elaboration of each of the models nD / BIM: 

• The 3D/BIM model allows the creation, in an automated mode, of the project’s technical 
drawings, although presented with some limitations at the annotations level. Cross section 
perspectives are also automatically generated, where is perceptible, by the distinctive 
graphism associated to each material, the element’s composition. It is possible to consult the 
properties list (abrasion resistance, cost, etc.) supporting the decision-making towards 
alternative solutions; 

• The elaboration of 4D/BIM model, which is made and illustrated in the case study, by the 
merge of 3D/BIM model and the planning (Gantt diagram), is referred with the constructive 
phase selection (“new”) in order to obtain quantity maps by constructive phases. It is indicated 
the necessity of a detailed modeling (structural slab, regularization layer, thermal / acoustic 
insulation and finish), so that each individual activity of the work map may be associated to the 
correspondent element of group of elements; 

• In a 5D/BIM model, it is analyzed the economical component (cost estimation) based on the 
unitary cost values associated to the parametric objects. This case study describes the 
procedure to extract quantity tables for the elements and take-off tables for the elements 
materials; automatic update of the tables when submitted to changes; the consideration of 
UniFormat or MasterFormat classifications as a parameter, for an easier data exportation and 
budgeting analysis based on a universal standardization; 

• The energetic efficiency analysis is considered in the 6D/BIM model, based on the materials 
physical properties (thermal conductivity, specific heat, density). In the case study, the BIM 
model is transferred to a “cloud” analysis, on the Autodesk’s platform, resulting in the report, 
demonstrating the BIM capabilities in this field; 

• Ultimately, the 7D / BIM model supports the buildings´ management and maintenance, 
allowing the information associated with the objects to be consulted. Thus, technical data 
(product information, application mode or warranty) and the activity’s parameters of interest, 
such as wear resistance, can be associated with the floor components. 
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