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ABSTRACT  
 

Viktoriia Lukina 

Reinforcement design in Revit using GRAITEC plug-in for Facility Management 
project, 37 pages, 3 Appendices 
LAB University of Applied Sciences, Lappeenranta 
Technology, Double Degree Programme in Construction and Civil Engineering 
Bachelor’s thesis 2020 
Instructors: Mr. Timo Lehtoviita, Senior Lecturer, LAB University of Applied 
Sciences 
                   Mr. Hasan Yumer, Founder, Project & BIM Manager, Integrated BIM 
 
The main goal of this Bachelor’s thesis was to create the reinforcement system 
of two concrete floors of multistory residential building with Graitec plug-in. 
Integrated BIM company is an executor of client’s order to create a 3D model 
for using on a construction site and later for Facility Management purposes. 
Revit 2019 was used for implementation of this project and the other objective 
of this part was to find the best additional plugin for reinforcement design. 
Several variations of it were compared, GRAITEC Advanced BIM Designers 
was chosen and its advantages were described in the thesis. 
 
The second goal was a theoretical research on standards for using BIM 
techniques in Facility Management for different countries. An analysis of 3 main 
standards for BIM in Facility Management: ISO, COBie and CoBIM, was 
completed.  
 
It was found out that plug-ins can be really useful to enhance the productivity of 
Revit workflow and the efficiency and the speed of this process is the priority for 
Facility Management projects. 
 
Keywords: Reinforcement, Revit plug-in, Facility Management, Structural   



3 
 

CONTENTS 
 

ABSTRACT ......................................................................................................... 2 

1 INTRODUCTION ............................................................................................. 4 

2 THE DEFINITION OF BIM ............................................................................... 4 

2.1 The history of BIM ......................................................................................... 4 

2.2 Determination of BIM .................................................................................... 6 

2.1 BIM in Facility Management .......................................................................... 8 

2.2 International and Finnish standards for Facility Management ..................... 10 

2.3 Standard international formats .................................................................... 14 

3. GENERAL DESCRIPTION OF STRUCTURAL MODELLING IN REVIT ...... 15 

3.1 The content of structural modelling process ................................................ 17 

4. HOW ADDITIONAL ADD-ONS / PLUG-INS CAN IMPROVE STRUCTURAL 

REINFORCEMENT SYSTEM BIM MODELLING WORKFLOW ....................... 18 

4.1 Plug-ins for Revit reinforcement design ...................................................... 19 

4.2 Description of GRAITEC plug-in ................................................................. 20 

4.3 Benefits of GRAITEC software .................................................................... 25 

5. CASE STUDY ............................................................................................... 26 

5.1 General project description ......................................................................... 26 

5.2 Implementation of GRAITEC software in the project ................................... 27 

7. CONCLUSIONS ......................................................................................... 29 

FIGURES .......................................................................................................... 31 

TABLES ............................................................................................................ 31 

REFERENCES ................................................................................................. 32 

APPENDIX 1 Basement Initial Model. ............................................................... 34 

APPENDIX 2 Reinforcement on the basement. ................................................ 35 

APPENDIX 3 General 3D view of the building. ................................................. 37 

 

  



4 
 

 

1 INTRODUCTION 
 

This thesis is divided into theoretical and practical part. The theoretical part’s 

main theme is different standards of BIM in Operation and Maintenance 

process and comparing the ones that are used in Finland and globally. 

The aim of the practical part is to create reinforcement systems in the existing 

Revit file. The building that was the object of the project is a 5 floors residential 

building where 2 floors of it is parking. The parking floors will be made with 

reinforced concrete and have framing of beams and columns.  

 

The project which will be described in the practical part of the thesis was 

undertaken by the request of Integrated BIM Ltd. which is a Maltese company 

engaged in 2D and 3D modelling, design and building information modelling 

and management services of any kinds of construction projects. The team of 

the company is young yet high educated and professional. [17] Projects are 

mostly remote work that comes from the USA but some of them are from Malta, 

the United Kingdom, Australia or other countries. One of the greatest 

advantages of BIM and digital modelling in general is that there is no need for 

visiting the building site or physical office of the contractor company to create 

a model.  

 

2 THE DEFINITION OF BIM 
 

2.1 The history of BIM 
 

In the twenty first century, digital drawing and modelling has been taking a 

strong position in a process of creating buildings. It is not a surprise for modern 

community that you can create a model of any shape and size and easily show 

it to the whole world. Any kind of structural analysis is available for anyone 

within a couple of mouse clicks. Calculations and quantity takeoffs can be done 

in seconds in virtue of modern technologies. Paper drawings are no longer in 
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use not only because of its inconvenience but also because we are living in 

the age of taking care of our environment and energy efficiency.  

 

The first step to digitalization of the construction drawings was done in the 

1960s. Computer-aided design, familiar today as CAD, was originally invented 

to simplify the process of 2D drawings and there was no hint about increasing 

of efficiency or even 3D modelling. However, when CAD software has become 

easy to access and draftsmen have become confident PC users, it transformed 

the industry to a whole new level. CAD drawings are still a big part of all 

building information sources, especially in countries where BIM has just started 

to implement [8].  

 

Digitalization of construction drafting has started relatively recently but 3D 

modelling has become a part of the construction industry quite a while ago. 

Architects and civil engineers have developed spatial thinking skills 

themselves, but it was always a goal to represent building models as clearly 

and graphically as possible. Studies suggest that the ratio of people in need of 

using the design information versus those who create it is around 10 to 1 [9]. 

Years before the first electronic computer was invented, engineers tried to 

make solid 3D miniatures of buildings. Creation of those models was time-

consuming and painstaking, but visualization was always a big part of 

construction project. Nowadays, this kind of models are used more for 

entertaining and advertising goals, but in those times, it was the only way to 

show a building before it is constructed to those people who cannot read 2D 

drawings. Also, solid models were used (and sometimes still are) for structural 

analysis because only calculations cannot be a guarantee of building’s 

sustainability. The types of models have not changed much. Some of BIM 

models are used for rendering/visualization part and can not be accurate with 

dimensions and details and some are not supposed to be good looking but are 

made with perfect compliance of structure’s geometry and materials. 

  

Design information has gone a long way from papers and CADs to what we 

now call BIM.  Later the definition of BIM will be described properly, but 

basically, it is a process and a result of 3D modelling in digital format. 3D 
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modelling is very widespread nowadays, it accompanies almost every part in 

our life. Every day we see beautiful pictures of all kinds of buildings and a 

significant percent of it is renderings. For instance, we use maps with 3D relief, 

what affirms that an enormous amount of existing and constructing buildings 

exist in digital version too. What about construction industry, modern 

companies are using BIM on a daily basis in many branches such as: 

- Architecture; 

- Structural engineering; 

- MEP and HVAC engineering; 

- Construction management; 

- Facility management; 

- Infrastructure; 

- Demolition and renovation works; 

- and many more [8]. 

 

2.2 Determination of BIM 
 

Building Information Model – BIM – is a building or some infrastructure 

component model which is digitalized and includes all types of information 

about it. Everything - starting with geometrical parameters and ending with cost 

estimation can be provided within BIM. Nowadays, BIM is becoming a routine 

for modern construction companies and ordinary 2D drawings fade into the 

background. With every year, software developing companies present new 

programs and new versions of existing ones which are supposed to make 

Building Information Modeling more and more efficient and automatic [8].  

 

BIM technologies has integrated to every aspect of construction. It can be 

implemented at every stage of a building’s life cycle. Advantages of BIM also 

include: 

- Enhanced identification of clashes (for instance, in MEP: between plumbing 

pipes, electrical conduits and ventilation ducts); 

- Improvement of productivity: less time-consuming during the modelling and 

operation stage; 
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- Scheduling of material and equipment quantities can be done in minutes;  

- Perfect 3D visualization tool which can be understood even by people who 

are not involved with a construction industry (managers, house owners, 

building operation staff, etc.). [8] 

In Figure 2.1.1 there is a scheme from Common BIM Requirements 2012 

Series 3: Architectural design (COBIM) showing how BIM is used in different 

project stages. COBIM is a Finnish standard for the use of BIM technology in 

construction. It is separated in series and each series is covering each phase 

from this scheme. 

 

Figure 2.1.1 The use of BIM in different phases of Project (COBIM Series 3: 

Architectural Design, p. 11 [5]) 

According to COBIM 1 “General part” [4] there are 5 different phases of BIM 

implementation during a building’s life-cycle: 

- Requirement BIM. It combines all the information about rules, levels of 

accuracy, needs of client and operator, loads and types of structure, MEP 

requirements. 

- Site BIM. Consists of information about the site – locations and elevations 

of the surroundings and site equipment. 
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- Inventory BIM. Includes all information about existing architecture, structure 

and MEP and plans for reconstruction/renovation/demolition. 

- Spatial BIM. It has information about sizes and usage of spaces, significant 

MEP elements. 

- As-built BIM. Includes the same information as construction BIM but with 

the changes and additions that were made in the process of construction.   

 

2.1 BIM in Facility Management 
 

At the moment, BIM technologies are moving towards universal formats such 

as IFC. To unify the process of creating and exploitation of this format, 

standards are developed by BIM associations in different countries. The United 

Kingdom is rightfully considered as a leader in BIM industry so the UK BIM 

Alliance is now at the stage of developing an international set of standards 

called COBie [7]. ISO is an approved international standard at the moment, 

but it is considered obsolete in some aspects and not too specific. Nowadays 

Finland does not have exact requirements on creating and operating BIM but 

proposals and suggestions were created and can be found in documents 

which are listed on buildingSMART website and are called Common BIM 

Requirements (COBIM). It is divided into 13 series for each part of project 

developing and life-cycle of a building. 

 

Facility Management (FM) is a significant part of modern world’s life. It is a 

whole science about efficient operation of every kind of facility what basically 

means any kind of spaces such as residential buildings, hospitals, schools and 

so forth, what leads to Facility Management being an inherent part of an 

administration work package. There are many definitions of what is Facility 

Management and one of them can be found in ISO 41011:2017 standard [11]: 

"the organizational function which integrates people, place and process within 

the built environment with the purpose of improving the quality of life of people 

and the productivity of the core business." 
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In construction industry, Facility Management (FM) or Operation & 

Maintenance (O&M) is one of the stages of buildings life-cycle. Not only it is 

the longest part of “building’s life” but also the most expensive one. According 

to studies illustrated on Figure 2.1.1, Operational and Maintenance costs 

consume 97% of the full life-cycle cost of the building. Unfairly, when 

contractors are making plans, hiring engineers and basically doing the 

preparation of the project, they only keep in mind the process of the design 

and construction phase and do not look into the future. What will happen to the 

building when it is done? Who will take care of it and how? Especially, nobody 

asks those questions when the contractor and the owner of the building are 

different companies [13].  

 

Figure 2.1.1 Life-cycle cost of a building (Brad Hardin, Dave McCool, BIM and 

construction management, p.308 [9])  

 

In the case of the project that is being executed, the contactor and the owner 

are the same company. That is why they are interested in controlling the cost 

and condition of the building during its whole life-cycle.  

 

Facility managers often face the problem that figuring out where one or another 

connection is situated in a wall becomes a battleship game. Sometimes during 

the construction details change and it is easy to miss something if engineers 

are working with 2D drawings. One of the most crucial disadvantages of PDF 

or CAD drawings is that they are not connected digitally. A small modification 
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usually leads to changes in all the related documents. Another thing is that 2D 

drawings cannot provide you with all the information about the component in 

one view. You always need to refer to other sections, schedules, plans and so 

on. In an emergency case it can lead to significant time and cost losses 

because maintenance engineers will need some time to go through all the files. 

And that is the point where BIM seems to be a perfect solution. In one model 

you are able to see the location, dimensions, materials of the component. 

Every change that you make instantly appears on each plan and section. 

Nowadays, BIM has become so popular that there is a special software for 

each construction industry that can even be easily used on smartphone. So, 

this is what the client of the project wanted – the modern and efficient way of 

the facility management [9]. 

 

2.2 International and Finnish standards for Facility              

Management 
 

BIM in Facility Management is a very young and perspective concept and there 

are many areas to develop. However, nowadays different software and 

programs already exist. BIM is widely used in energy consumption analysis, 

maintenance budgeting and planning and there are still more to come [15]. 

 

According to COBIM 2012 Requirements [12], Inventory model can be used in 

Facility Management (for example, as a Spatial BIM for spaces management). 

It is a model of the already existing building based on laser scanning or 2D 

drawings. Inventory models are usually used for reconstruction design projects 

but they are applicable for operation tasks too. Its level of accuracy and 

detailing should be considered responsibly because it can affect time and cost 

management and lead to be inefficient.  

 

According to PAS 1192-3 [2] which refers to “Specification for information 

management for the operational phase of construction projects using building 

information modelling”, BIM consists of 2 stages: PIM – Project Information 

Model and AIM – Asset Information Model. PIM stands for the model that is 
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developed during the design and construction phase of the project, while AIM 

contains the data that is needed for successful and efficient asset 

management. In Figure 2.2.1 the position of PIM and AIM can be found through 

the building’s life cycle. 

 

 

Figure. 2.2.1 PIM and AIM (The British Standards Institution, PAS 1192-

2:2013: Specification for information management for the capital/delivery 

phase of construction projects using building information modelling, p.8 [1]). 

 

PIM is used for combining all the initial data (drawings, schedules etc.) into 

one 3D model. It can be separate models: architectural, structural, MEP; or a 

combined one. In both ways, PIM can be used not only during the project and 

construction stage. Using a huge variety of different software, all the changes 

during the construction can be easily marked and applied in the existing PIM. 

In that way, when all the changes were added to the model it can be easily 

transformed into AIM. It will help the facility management engineers to see the 

history of the building [1]. 

 

The AIM has to be consisted of: all the initial information (specifications, design 

ideas, analysis), location and environment, information about rights and 

ownership, information that was added during the construction and usage 

(such as maintenance, monitoring or surveys) [1]. 
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To operate BIM in FM, after completion native models have to be updated 

according to changes in the process of construction and commissioning. Later, 

BIM has to be updated immediately when some renovation/refurbishment 

works were done. With fast and innovative development of applications for 

smartphones and PC it is going to be extremely easy to keep the model up-to-

date. 

 

COBIE was released in the United Kingdom in 2011 as a Government’s 

requirements about implementing BIM in its projects. Later, in the United 

States COBie was developed as a tool for making handover of the project to 

the Operation and Maintenance parties easier and more structured. Usually 

information from documentation was stored in PDF-files, drawings, different 

text formats or even on paper. It was very difficult to collect this whole lot of 

information so it has become one of the main reasons for creating COBie: 

documentation now has to be stored in one format and in one place so it would 

be easier to use it in collaborative tasks. In short, the main goal of COBie is 

reducing costs, time and carbon emissions. [16] COBie was created to work 

with IFC format so it shares the principles of buildingSMART of BIM.  

 

Since COBie is not applied in Finland yet, participants of COBIM project have 

developed another document about BIM in Facility Management. It is said in 

the beginning, that it is not requirements but more like suggestions and 

introduction to this relatively new option of using BIM in the construction field 

[12]. 

 

Design tools as Revit, AutoCAD and Tekla are too heavy and complicated at 

the moment of 2015 to carry out simple and quick reaction objectives of Facility 

Management [8]. Widespread use of IFC is a great advantage for BIM 

implementing right now, because all the new software will be developed with 

the support of IFC format. It will help owners and contactors and other parties 

communicate easily. Even though, each of them will use applications for their 

own use, they can operate the same IFC-file in the cloud and apply changes 

in it immediately. Creating of one software for all purposes does not make 

sense as well because it will be too heavy to carry out on smartphones or 
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tablets, or even not very powerful laptops and PCs. So, a light application for 

each task (for instance, consumption of energy and water or cleaning 

purposes) with the support of the cloud model is a perfect solution for Facility 

Management [15]. But, at the moment those applications do not exist yet. And 

in that case, there are some requirements in COBIM: 

- For visualization and data browsing Solibri Model Checker and Tekla BIM 

Sight are widely used in Finland. There are more applications like those, 

some of it are free, and it is all competitive and relevant to use for 3D models 

viewing purposes.  

- All 3D has to be saved in IFC format and include views for most frequent 

tasks. 

- In some cases, additional information (2D drawings, schedules, 

documentation etc.) goes along with IFC model. This documentation has to 

be saved in format that is compatible with software used in the 

company/site.  

- Contractors are obliged to provide the needed information in relevant format 

(at least PDF, Excel) and compatible with the software used in operation 

and management. 

- Archiving and securing as-built BIMs and its updates are required. 

- Company must establish Guidelines or Requirements for Facility 

Management BIM updating. 

- Periodic updates have to be competing with at least three years interval. In 

any case, every significant change has to be updated immediately.  

- Quality Assurance process has to include ensuring that BIMs are 

corresponding all the restrictions, checking the compatibility with relevant 

software, checking the presence of all current updates and agreement on 

the next periodic update. [12] 

 

It is important to set the documentation for quality assurance of Facility 

Management of the building. Since in Finland there are no exact rules for that 

every company has to establish their own Guidelines or Requirements for 

Facility Management BIM updating. It has to include responsibilities, tasks and 

procedures and optionally energy certificate update and audit. There are 2 

parts of project updating: before the project, based on inventory or construction 
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BIM and after the project, based on as-built BIM. Also, periodic updates are 

needed and have to be set by the owner of the building. An update frequency 

is depending on the needs of property and the scope of work. Every small 

change shall be reported for updating all BIMs to be included in periodic update 

process [13]. 

 

2.3 Standard international formats 

Collaborative work is very important in modern construction industry because 

the process of creating a new building consists of several different steps 

(creating drawings, BIMs, managing permissions, construction itself, finish, 

inspection, operation and maintenance and, finally, demolition) and different 

companies operate it. Usually, projects are made in some very specific 

software which is too complicated for an untrained person. At this point, there 

appeared a need of creating new guidelines of which formats, software and 

types of documentation should be used in the construction industry. After some 

time, BIM community has come to a conclusion of using two universal 

information formats: IFC for models, PDF and DWF for documents, which will 

be described in the next part of the34 thesis. 

 

IFC stands for Industry Foundation Classes and is a standard format for 3D 

models made with CAD software. It does not have any connection with specific 

programs, so it is supported by almost every program for viewing and editing 

BIM models. IFC is a perfect format for exchange of information between 

different participants of construction and Facility Management process. Since 

it has a compatibility with all platforms: computers, laptops, tablets or 

smartphones, it is the most convenient way to open either in the office or on 

the building site [19].  

 

Nowadays, PDF is the most common format for sharing information between 

team members, clients or maintenance companies. It can be opened on any 

device and does not require any special skills of software using. Most modern 

PDF viewers allow users viewing, printing, reviewing and sharing information 

[22].  
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DWF is a format for viewing, printing and measuring design information about 

the project. It cannot be edited and none of the consisting information cannot 

be excluded, hidden or deleted. But adding comments or markups is possible 

in a special program. There is a variety of viewing software that supports edits 

of DWF but the most popular and common one is free and official from 

Autodesk. But DWF files can be opened and viewed on a computer which does 

not have any CAD software installed (i. e. in Internet Explorer) and 

consequently does not require the knowledge of those programs from a user. 

The data in DWF is being compressed what provides fast opening and efficient 

usage. Also, it is possible to combine several DWG files into one DWF file. 

Nowadays, the benefits of DWF and DWFx are obvious and using it is a right 

way of using BIM models [23]. However, the strategy of BIM development is 

now determined in official documentation which will be discussed in the next 

paragraphs.    

3. GENERAL DESCRIPTION OF STRUCTURAL MODELLING 

IN REVIT 
 

Structural modelling is one of the most significant components of creating 

Building Information Models (BIM). It includes information about load bearing 

capacities of the building, structure and materials load bearing components. 

Structural models can be used for structural analysis in a project stage and as 

an information containing guideline for construction and operation stages.  

According to COBIM 2012 Part 5 [6], structural model of concrete building 

should include all load-bearing and non-load bearing structures. If some of 

those structures or elements intersect with another part of the model MEP 

systems, for instance), it has to be present in a model and marked if needed. 

Location, name, type and geometry of every structure should be clearly 

described and transferred to IFC format correctly. Structural designer is 

responsible for all quality assurance, including data transferring. Also, 

structural designer is obligated to create 2D sheets of details, structure types, 

schedules and sections because they can be used for further analysis or 

maintenance tasks. If a building is multistory it has to be agreed if structures 
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that pass several floors have to be divided by floors or kept continuous. 

Regarding publishing of structural models, it has to be published separately 

from other parts (architectural, MEP, etc.) 

 

The structural design process divides into the following stages: 

- schematic design – at this stage the structural designer checks if the 

architect’s proposals can be implemented in terms of load-bearing capacity, 

this stage does not have specific requirements, the company sets their own 

guidelines about it; 

- general design - the most important part: at this stage the structural designer 

implements his ideas and drafts into an actual model. Structures in this 

stage are required to be modelled accurately in terms of their location and 

geometry; 

- tender design – at this point the model done in the general design phase 

becomes a base for a tender model. It has to be upgraded according to 

tender requirements and 2D documentation has to be made if needed; 

- detailed design – if there are no requirements about the level of accuracy of 

details from the company, it has to be created according to the project’s 

requirements or the previous stage’s ones. [6] 

In Finland, the most widespread software for structural modelling is Tekla 

Structures, but Revit is in use as well. However, Revit is an international 

standard of 3D modelling proven by many years of experience and generally 

recognized. It is used by architects and structural engineers for almost 20 

years and demonstrates convenience and compliance with all the modern 

requirements of BIM [21]. In Malta, BIM is a very young industry and this 

country has just started to enter the worldwide market. IFC and DWF usage is 

not as widespread there as in Finland, so usually all parts of building, such as 

architectural, structural and MEP, combine in one Revit file. But, for some 

cases functional of Revit is not enough specialized so engineers of every 

category sometimes have to have recourse to additions for Revit. There are 

plenty of different plugins certified by Autodesk and which can be found in 

official libraries on Autodesk website. 
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Along with popular programs for structural engineering such as Tekla 

Structures and SolidWorks, Revit affords a convenient and multifunctional 

structural modelling tool group. In Revit it is possible to work on architectural, 

structural, MEP models, do full analysis of the building and many more specific 

tasks. But the main topic of this thesis is structural modelling. Revit tools afford 

to easily model all the common basic structure elements such as: beams, 

columns, framing, foundations, trusses and many more. With a variety of 

parametric functions in Revit family creator it is possible to create any element 

if it does not exist in installed libraries. 

3.1 The content of structural modelling process 
 

Revit offers a wide variety of structural modeling tools for its users. In this case, 

structural modeling was done with the help of the initial data that was given by 

a client. In other projects where the company creates a model from the 

beginning it can also include calculations and design into a structural modeling 

part. It usually starts off with choosing load-bearing components, such as 

columns and beams. After determination of their size, shape and location, the 

engineer can proceed to placing it into a model’s coordinate system. Every 

step has to be checked properly because the structural part of the building is 

carrying the weight of it and keeping it sustainable. The correct position of 

stories and sections is crucial [19].  

 

 

Figure. 3.1.1 Revit structure ribbon.  

 

On Figure 3.1.1 it can be seen that Revit provides every step of structural 

modeling with separate buttons so it is easy to understand: starting with typical 

columns and ending with complicated trusses and beam system. The tools are 

automatized themselves but in some big projects it is not enough and quite 

time-consuming. This problem can be solved using additional software from 

outside sources or in-built Dynamo – the extension for visual programming. 
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However, it requires special skills to use it, so for some cases Dynamo is not 

on option. In paragraphs below, the opportunities of plug-ins for Revit will be 

discussed. 

 

4. HOW ADDITIONAL ADD-ONS / PLUG-INS CAN IMPROVE 

STRUCTURAL REINFORCEMENT SYSTEM BIM MODELLING 

WORKFLOW 
 

BIM has become an industry not so long ago so it is still in a stage of early 

developing from 2D drawings to 3D models. Therefore, nowadays Revit is not 

perfect and there is still a lot of space for extension and evolution. Private add-

ins developing companies are doing an excellent job on this task. Often, 

structural engineers analyze every element and draw them separately, adding 

all notes and annotation manually. Revit functional does not afford to create 

templates and/or families of rebars if it is a frequently used element in one 

company’s structures but still too custom to add it into international libraries. 

Also, it is not possible yet to add different standards for reinforcement 

(Eurocodes, ACI, etc.) so every engineer or draftsman has to manually 

compare rebars with the requirements [14].  

Thereby, the following disadvantages of reinforcement design in Revit can be 

highlighted: 

1. Lack of automatization of the rebar system creation process. Inability to 

create a standard bar sets causes quite significant waste of structural 

engineer’s time which can be used more efficiently, therefore, projects would 

be done quicker. 

2. In complex rebar systems a very time-consuming part is creation of 

annotations and dimensions, Revit does not provide any tools for automatic 

creations of those elements.  

3. Some of the automatization solutions can be implemented by using 

Dynamo tools, but we need something in-between because at the moment not 

many draftsmen also have basic programming skills and it will take time for 

engineers to become proficient users of Dynamo. 
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4. Most structural engineers still use 2D drawings in AutoCAD so sometimes 

they do not provide enough details to create a 3D model. It is a whole new 

process to change construction companies’ minds and start working only in 3D 

and fit the BIM workflow. This is not exactly a Revit disadvantage, but it leads 

to problems for Revit users and BIM technicians as well. There is no such a 

program or a plugin for accurate transferring drawings from AutoCAD to Revit 

and back if needed yet. 

5. Since Revit does not provide a convenient 3D placing of rebars, it leads to 

constant switching between different planes to correct the placement of each 

rebar set or even individual ones. Reinforcement elements cannot be seen in 

3D before you place it on a plane view. This causes slower workflow and 

sometimes waste of time too. 

6. When creating 2D sheets of details, schedules or sections, draftsman has 

to create and put every view on a sheet manually, defining a position and a 

scale himself. In Revit there is no automatic sheet creation tool. 

 

4.1 Plug-ins for Revit reinforcement design 

Even though working with reinforcement is very practical in Revit, however, 

still quite time-consuming. All typical shapes of rebars and stirrups are listed 

in an in-app library. It is possible to choose single or a group of rebars with all 

needed parameters: shapes, diameters, quantity, spacing, geometry and so 

on. But, for some big and complicated projects like the one that has been done 

in this thesis sometimes it is not enough. There are still some limitations in 

working with rebars in Revit, however it is still suitable for daily use in simple 

projects. The disadvantage of its function is that a user has to do every 

beam/column manually and if the rebar system is complicated it takes a lot of 

time to complete the task. This is why the team of Integrated BIM started 

searching for a better solution to make the reinforcement part simple, fast and 

efficient. Nowadays, in BIM industry there are plenty of different tools for better 

solution of limited Revit functional. For some companies it is more convenient 

to use different software (Revit for architecture and Tekla Structures for 

structure, for example) because after all, every part combines to one file in IFC 
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or any other universal format. The client was not interested in IFC yet, so 

everything had to be done in Revit. However, the variety of Revit add-ins is 

wide as well. So, the following plug-ins were found which were suitable for the 

needed tasks: 

- Graitec BIM Designers (Reinforced Concrete); 

- SOfiSTiK Reinforcement; 

- AGACAD Precast Concrete; 

- CADS RC3D. 

Every plugin had its own advantages and disadvantages but for our aims 

Graitec was the most suitable one. SOfiSTiK Reinforcement is more focused 

on detailing and customization of rebar families, but in the project of this thesis 

ordinary rebar shapes were used. AGACAD is handier for wall and floor 

reinforcement but in our case, it was possible to make with Revit tools. Graitec 

offered a wide variety of setting of columns and beams reinforcing what was 

the main goal in the project. They also have a couple of very useful tutorials 

on their website. 

 

4.2 Description of GRAITEC plug-in 
 

GRAITEC is a developing company founded in 1986 in Paris, France. Their 

main task is helping BIM specialists with consultancy and applications.  

 

They have created a bunch of different plug-ins for different modelling and 

analysis purposes: GRAITEC Advanced Suite which includes Advance 

Concrete, Advance Steel and Advance Design and is used for FEM (finite 

element method) analysis; Advanced BIM Designers including Concrete series 

and Steel series – applications that enhance structural design, modelling and 

documentation; PowerPacks for Revit, AutoCAD, Inventor and Vault which are 

extensions for those Autodesk software that boost productivity of using those 

apps; BIM Connect for Revit is used for sharing BIM files; Autodesk Advanced 
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Steel for structural steel design in AutoCAD; and Advance Workshop for steel 

production management [24]. 

 

In this project the GRAITEC Advanced BIM Designers were chosen to use. To 

understand how to install and use the application their official website and 

video tutorials had helped [16]. 

 

After installing the GRAITEC plug-in a new module appears on the Revit ribbon 

called “GRAITEC Concrete design”.  

 

 

Figure 4.2.1 GRAITEC Concrete design ribbon. 

It includes the following tools groups: 

• Projects; 

• Assumptions; 

• Calculations; 

• Results; 

• Reinforcement; 

• Options. 

GRAITEC offers a huge set of tools for every part of the project from drafting 

to documentation creation, but the most important part for this project was 

reinforcement design.  



22 
 

 

Figure 4.2.2 Rebar cage generation using GRAITEC. 

If the column is taken as a sample element, the following tools help us to create 

the rebar cage and can be seen on Figure 4.2.2: 

• Firstly, the longitudinal reinforcement has to be arranged and it splits to 

upper, main and lower longitudinal reinforcement. 

• Secondly, the same thing applies to transverse reinforcement.  

• Both reinforcement types can also be divided into main and secondary 

reinforcement, if needed. 

One of the most helpful functions of this plug-in was the ability of saving and 

loading the created rebar cage.  
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Figure 4.2.3 Save and load rebar cage functions. 

 

If there are repeatable shapes of beams, columns or footings with the same 

rebar scheme, after creation of the first instance, it can be saved and simply 

loaded into the other ones and this tool is shown on Figure 4.2.3. 

  

Regarding the creation tools that were showed before, any rebar cage can be 

edited too. For, example if the shape of the cage is the same but there are 

changes in diameters, lengths or angles, it can be easily fixed after loading 

instead of creation of a new one with Revit tools.  

There is also a tool “Copy rebar” which affords to repeat the cage without 

saving it on a drive. If an engineer does not need the created shape more than 

in one project, therefore it will increase productivity and save space on a drive. 

 

Another tool can be helpful for reinforcing beams. It is called “Transversal 

distribution” and shown on Figure 4.2.4 which basically helps to generate 

transversal rebar sets with different spacings within a couple of clicks.  
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Figure 4.2.4 Transversal distribution. 

 

The other huge benefit of GRAITEC plug-in is automatization of creating 

documentation sheets in seconds in a form shown on Table 4.2.1. For 

example, for schedules there is a function of adding schemas in it without 

creating or finding the images yourself.  

 

Table 4.2.1. Schedule created with GRAITEC “Schedule Schema” tool. 
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The other tool was frequently used in the project “Reinforcement Visibility” 

settings. Unfortunately, Revit native tools are very inconvenient in a matter of 

customization of rebar visibility. By default, in 3D it can be seen in a “coarse” 

style, which in fact is just lines. When working with 3D views it would be clearer 

and more comfortable to see everything solid. With GRAITEC visibility settings 

become an easy and fast option. The interface of this option is shown on Figure 

4.2.5. 

 

Figure 4.2.5 Reinforcement visibility settings. 

 

4.3 Benefits of GRAITEC software 

 

Using GRAITEC software, as well as any other plug-ins for Revit, makes the 

modeling process faster, easier and more innovative. However, every program 

has its own advantages and disadvantages. Over any other software, 

GRAITEC was chosen because it has some crucial benefits that helped out a 

lot in a process of reinforcement creation.  

 

While using the plugin the following advantages of it were noticed: 

• Automatic creation of rebar cages in 3D.a bit more right 
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• Automatic creation of documentation: design reports, details views, 

sheets, annotations and tags, etc. 

• Enrichment of the BIM model with engineering data. 

• Ability to save the rebar cage as a template and apply it in the same or 

different projects. 

• Excellent connection with other Autodesk Revit tools (Autodesk BIM 360, 

Dynamo etc.) 

• GRAITEC as a developer created a lot of different plugins for different use, 

but they all are connected between each other and can be combined 

depending on a user’s needs. 

 

5. CASE STUDY 

5.1 General project description  
 

Integrated BIM Ltd. operates every kind of 3D construction modelling. In the 

case of this thesis a project was given by the client from the United States of 

America. In collaboration with architectural and structural designers, they 

created a set of 2D drawings of the following building parts: 

- Architectural; 

- Concrete structures; 

- Timber framing structures; 

- Electrical; 

- Plumbing; 

- Mechanical. 

The main task was to transfer and combine the data from all CAD drawings to 

one Revit model. The project itself is quite big so it was done not by one person 

but it was a collaborative work. When the project work process has started it 

already had the base of the building – the architectural part was modelled and 

timber framing was in process of implementing by another colleague. The 3D 

view of the initial data in Revit can be found in Appendix 3. 
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5.2 Implementation of GRAITEC software in the project 
 

The first task was to add reinforcement in existing walls, floors, columns and 

beams. The initial model of the basement can be found in Appendix 1. The 

detailed structural drawings were provided; however, walls and floors 

reinforcements were a typical area reinforcement. It was quickly done with 

Revit “area reinforcement” tools and is shown on Figure 5.2.1.  

 

Figure 5.2.1 Area reinforcement in walls and floor 

After that, the foundation slab reinforcement was done. And at that point, the 

team had come up with the idea that the process has to speed up to become 

more efficient. A research about Revit plugins was launched, the result of 

which was described in previous paragraphs and GRAITEC was chosen. The 

reinforcement was placed into foundation slabs, beams and columns. To make 

the process more efficient, for instance, the needed reinforcement was put into 

one column and saved as a template, so the other ones were done in minutes, 

because the template was loaded into each structure. The beam and column 

reinforcement is shown on Figures 5.2.2 and 5.2.3. 
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Figure 5.2.2 Column and foundation reinforcement. 

 

 

Figure 5.2.3 Beam and columns on the basement 
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Figure 5.2.4 Window opening reinforcement. 

Later on, there was a meeting with the client, which resulted to new details 

about openings reinforcement. GRAITEC software provided very convenient 

tools for easy and quick openings creation so it was used for that specific need 

as well. The most convenient option of GRAITEC opening reinforcement tools 

is that rebars attach to the opening, so later on when the window or door had 

to be moved, rebars moved with it as well. The final opening reinforcement is 

shown on Figure 5.2.4. General views of the reinforcement system of the 

basement and the first floor can be found in Appendix 2. 

 

7. CONCLUSIONS 
 

Facility Management is a young and very perspective industry which is not 

standardized worldwide yet. The most advanced country in BIM technologies 

is now the UK so their documentation called COBie is the most structured and 

convenient to use at the moment. However, there are active discussions and 

development in different countries and BIM alliances exist almost everywhere. 
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It is more likely that during the next decade BIM will be implemented 

everywhere and standards will be unified and accepted worldwide. 

Revit is the most popular and commonly used program for 3D civil engineering 

modelling and 2D design. However, it is not perfect and some functions do not 

afford full customization and automatization of the processes. To improve 

those flaws and make BIM workflow more effective for engineers additional 

software exists. There are many developing companies that provide such 

products, but GRAITEC is one of the biggest and most famous. They created 

a bunch of plugins for different purposes in Revit and other Autodesk 

applications. Advanced BIM Designers was chosen for this project because it 

perfectly corresponds my requirements. It turned out that a seemingly 

complicated reinforcement system can be easily done in a few clicks with 

appropriate tools. Also, GRAITEC software is a good option for companies like 

Integrated BIM which works with different BIM areas from architectural to MEP. 

It affords continuous workflow and easy synchronizing between various 

engineering departments.  

Nowadays, BIM is not implemented in every civil engineering company and 

even not in every country. That is why the requirements for BIM are not 

worldwide yet and are still in a process of structuring and validation. Formal 

documentation still differs from country to country and in Finland, for example, 

it still exists in a form of suggestions, not obligatory rules. The United Kingdom 

has the most progressive alliance of BIM enthusiasts who created a standard 

called COBie and are still improving it. 

To sum up, it has to be said that Building Information Modeling definitely is a 

technology that will increase its influence on the construction field every year. 

It seems to be important to follow the latest updates on the standards and 

software because it will increase the speed of completion and efficiency of your 

projects. This market is not highly developed yet, however, fast growing and 

competitive. That is why it is very important to work on how to increase quality 

and rapidity of projects implementation. 
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FIGURES 
 

Figure 2.1 BIM in different phases (Penttila, Nissinen, and Niemioja, 2006, 
p.28), p. 

Figure 2.1.1 Life-cycle cost of a building from (Brad Hardin, Dave McCool, BIM 
and construction management, p.308)  

Figure 2.2.1 PIM and AIM (The British Standards Institution, PAS 1192-2:2013: 
Specification for information management for the capital/delivery phase of 
construction projects using building information modelling, p.8). 

Figure 3.1.1 Revit structure ribbon.  

Figure 4.2.1 GRAITEC Concrete design ribbon. 

Figure 4.2.2 Rebar cage generation using GRAITEC. 

Figure 4.2.3 Save and load rebar cage functions. 

Figure 4.2.4 Transversal distribution. 

Figure 4.2.5 Reinforcement visibility settings. 

Figure 5.2.1 Area reinforcement in walls and floor 

Figure 5.2.2 Column and foundation reinforcement. 

Figure 5.2.3 Beam and columns on the basement 

Figure 5.2.4 Window opening reinforcement. 

 

TABLES 
 

Table 4.2.1. Schedule created with GRAITEC “Schedule Schema” tool. 
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APPENDIX 1 Basement Initial Model. 
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APPENDIX 2 Reinforcement on the basement. 
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Reinforcement on the first floor. 
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APPENDIX 3 General 3D view of the building. 
 

 

 

 


