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1 Introduction 

The Architecture, Engineering and Construction industry 

admits relevant changes and challenges, both at a 

technological and business level, in order to improve 

productivity, reaching higher levels of economic, social and 

environmental efficiency [1]. In order, to improve the 

communication between teams and to enable the re-use of 

information, generated and manipulated in the different 

stages of a project [2], the Building Information Modeling 

(BIM) methodology responds to these challenges [3]. BIM 

involves the generation of a unique virtual model that 

integrates all experts [4]. This methodology allows 

collaboration and information sharing between all experts 

and throughout the buildings´ life cycle. The main objective 

of this work is to analyze the process of transposition of 

information between structural models in BIM environment 

using a real case study. The work developed involves the 

selection and use of software, the identification and 

preparation of the information used in the modeling and 

analysis process, and finally, the identification of the 

difficulties found. 

The study aims to identify the extent to which a BIM 

environment can support the communication between the 

architect and the structure engineer and to analyze the level 

of confidence in the transposition of information.  

 

2 Case study and structural solution 

The case study is Jupiter Marina Hotel, in Estrada da 

Rocha, Portimão, Portugal (Figure 1) from atelier "Hugo 

Raposo - Arquitectos" that provided the architecture project 

in .pln format created by ArchiCAD. 
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Figure 1 - Júpiter Marina Hotel 

  
The structural solution outcomes from the compromise 

between the architect´s solution and a hotel use: 

• Fungiform slabs (without beams) in a large part of the 

building, so that hydraulic networks (water, sewage, 

etc) and HVAC is suspended, without the constraints 

imposed by the existence of beams. There are beams in 

some specific situations and only to solve very specific 

structural situations; 

• Reinforced concrete columns with a predominant 

orientation perpendicular to the largest building size; 

• Solid slabs, without any kind of lightening, because 

their thicknesses is conditioned by the maximum height 

of the building and lightening solutions lead to greater 

thicknesses. Also there are floors, with consoles and 

organic forms that do not advise lightening slab 

solutions; 

• Peripheral walls - in contact with the ground, SPA, pool 

and tanks - design as reinforced concrete walls; 

• Mat foundation for the foundation solution, as 

recommended by the geological study. 

 

3 Structural modelling 

In BIM methodology, experts operate on the same platform, 

where a 3D virtual model is generated, accessed and 

updated. The centralization of the information allows better 

management of design activities [5], the simulation of the 

construction process, and, the maintenance and 

management during building’s live cycle [6]. BIM, being 

an intelligent digital representation of all data that defines 

the building, facilitates the use, reuse and exchange of 

information from a modeling technology [7]. The modelling 

process is carried out using specifics´ software depending 

on specialities. 

In the development of the present work, the BIM tools used 

are ArchiCAD 21 [8], Revit 2017 [9] and ETABS [10].  

For the structural modeling and analysis of the case study, 

in BIM environment, the main steps are: 

1. Reception of the architectural model; 

2. Conception of the structural model through a reference 

model (architecture); 

3. Pre-sizing and design of structural elements; 

4. Transposition of information between ArchiCAD/Revit 

and the structural analysis program (ETABS); 

5. In ETABS, addition of structural attributes (as ex: actions 

and combinations) and definition of support condition; 

6. In ETABS, carried out the structural analysis; 

7. Transposition of the final structural model to BIM 

environment (ETABS-ArchiCAD). 

The structural model have the following main type of 

elements: 

• Flooring slab: laminar element that is supported on the 

ground with the function to transmit the load of the 

structure to the ground without causing rupture in the 

terrain; 

• Fungiform slabs: laminar element that is supported on 

resistant columns and walls with the function of 

transmitting the load applied to the elements on which 

it is supported; 

• Columns: vertical element with the function of 

transmitting the vertical load to floor slabs; 

• Resistant walls: vertical element with the function of 

transmitting the vertical loads to floor slabs and main 

structural system to stabilize the building against 

horizontal forces due to wind or seismic actions; 

• Girder: horizontal element at the level of the slab with 

the function of better transmission of vertical loads; in 

this building the beams are used when there is no 

follow up of columns to the floor, facilitating the 

distribution of the vertical load.  

Figure 2 illustrates the structural model in ArchiCAD. 

 

 

Figure 2 – Strctural model in ArchiCAD 

 

3.1 Interoperability 

Three ways for exchanging information between 

applications are studied: 

1. ArchiCAD-Revit-ETABS information flow, using 

manufacturers' "add-ins" to improve the exchange of 

information and to transfer information between 

applications with the minimum of errors and failures; 



3 

 

 

2. ArchiCAD-Revit-ETABS information flow using IFC 

open format; 

3. ArchiCAD-Revit information flow using IFC open 

format (the use of "add-ins" is not studied, as it is not 

available by manufacturers). 

In following, the information transfer process between the 

architectural model, the structural model and the structural 

analytical model, obtained in ETABS, is presented for each 

of the three information exchange ways. 

 

3.1.1 ArchiCAD-Revit-ETABS flow ("add-in") 

The connection of ArchiCAD model, with Revit, is made 

through the "add-in": "ArchiCAD Connection Add-in for 

Autodesk Revit" provided by Graphisoft. The information 

process begins by recording the structural model in 

ArchiCAD using IFC format. After the file has been save, 

in Revit, in the "add-in", there is the possibility of 

"Improved IFC Import" and there are 3 alternatives: "Import 

all IFC parameters"; "Auto-Join Elements" and "Correct 

lines that are slightly off axis". 

In the present work, two hypotheses are tested: 1) to import 

without any of the options selected and 2) to import with the 

three options selected. 

In the first process, there are 110 warnings: 

• 80 warnings  “Line in sketch is slightly off axis and may 

cause inaccuracies”; 

• 28 warnings “Wall is slightly off axis and may cause 

inaccuracies”; 

• 2 warnings “There are identical instances in the same 

place. This will result in double counting in schedules”. 

The last two warnings are due to modelling errors, as there 

are two columns superimposed. 

In the second process, there are 32 warnings, all of the same 

type: "Line in sketch is slightly off axis and may cause 

inaccuracies", which shows the great reduction of warnings 

when using the assumptions made available by the “add-in” 

to facilitate the communication between applications. 

Thus, the best option is to import with the three alternatives 

selected. To end the information exchange ArchiCAD-

Revit process, a detailed analysis is performed to verify the 

model (Figure 3).  

  

Figure 3 – Structural model in Revit (“add-in”) 

Three situations are identified: 

1) Properties, defined in ArchiCAD for columns, beams, 

slabs and structural wall, are not transferred to Revit 

parameters;  

2) In the case of the two steel columns, the material assumed 

by Revit is limited to the texture definition assigned in 

ArchiCAD; 

3) There is a 90° rotation on a column, for no apparent 

reason. 

Therefore, corrections are made, namely, the addition of 

physical properties to the materials, since the elements are 

only with the graphics of the material corresponding to the 

texture given in ArchiCAD.  

The final analytical model in Revit is shown in figure 4. 

 

Figure 4 – Analytical model in Revit (“add-in”) 

The next step is exporting information through an “add-in” 

called CSIXRevit2017 to pass information between Revit 

and ETABS. This process starts in Revit through the "add-

in" menu where the “add-in” itself checks the elements to 

pass and the number of them, after that an .exr file is created 

to be imported by ETABS. 

In this process, the "Revit Strutcture .exr File" option is 

selected in the "Import" menu, follow by the selection of the 

file. ETABS presents 4 warnings: 3 corresponding to 

materials and 1 to the steel columns. After rectifying the 

warnings, the structural model obtained in ETABS is very 

similar with Revit model (Figure 5). 

 

Figure 5 – Structural model in ETABS ("add-ins") 

A detailed analysis of the model allows identifying some 

errors whose correction has to be done. 
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3.1.2 ArchiCAD-Revit-ETABS flow (in IFC) 

This process starts by saving the ArchiCAD structural 

model in IFC format and opening it in Revit, selecting IFC 

option. Although this is possible, without using “add-in”, 

two options are suggested "Auto join elements" and 

"Correct lines that are slightly off axis". 

To allow the comparison of results, the import of the file is 

tested in the two ways: 1) without any of the options 

selected; 2) selecting the two options.  

In the first way, 108 warnings are identified: 80 warnings 

of "Line in Sketch is slightly off axis and may cause 

inaccuracies" and 28 warnings of "Wall is slightly off axis 

and may cause inaccuracies". In the second way, 32 

warnings of the type "Line in sketch is slightly off axis and 

may cause inaccuracies", appear. 

The number of warnings obtained by importing the file in 

IFC format compared to those obtained with the “add-in” 

are the same, which could lead to the conclusion that the use 

of the “add-in” in the transposition of structural elements 

has no advantage to facilitate interoperability between 

ArchiCAD and Revit. However, an analysis of the structural 

model in Revit, concluded that there is no correction of the 

slab elements for the structural element, as happened when 

using the “add-in”. 

All the irregularities found in the analysis of the model are 

corrected, as well as, the addition of the physical properties 

to the materials. Then Revit analytical model is verified. 

The process errors are similar to the ones found in the 

previous process. Some errors are: 

• Columns without continuity on the lower floor (when not 

aligned by having different section); 

• Columns, inserted in structural walls, without connection. 

 

After correcting the identified errors, the final analytical 

model in Revit is reached (Figure 6) and it is equivalent to 

the previously analytical model (3.1.1). 

 

Figure 6 – Analytical model in Revit (IFC) 

For the transfer of Revit model to ETABS, the information 

is exported using IFC format. In ETABS environment, 

"Import" menu, "IFC file" option is selected and .ifc file. 

The application identifies the elements to pass, which are: 

"IfcColumns", "IfcWalls" and "IfcSlabs". The number of 

elements detected corresponds to the same number of 

elements identified when the “add-in” is used. 

However, without the “add-in” Revit-ETABS, elements 

materials and sections are not matched, leading to an 

analytical model with many errors and gaps. This fact is 

easily detected graphicaly, since, in the import process, 16 

elements were recognized as "IfcSlabs" corresponding to 

the slab elements, but do not appear in ETABS model 

(Figure 7). 

 

Figure 7 – ETABS model (IFC) 

A detailed analysis of ETABS model, allows identifying 

other errors and inconsistencies, namely, the same errors 

that are in the “add-in”, and some others, as example: 

• Slab elements with curvature, at the outer limits, do not 

appear in the analytical model; 

• Sections of beams, columns and slabs, and the 

characteristics of the materials, do not appear in the 

analytical model. 

In order to achieve a suitable analytical model for ETABS, 

very extensive changes and adaptations are necessary.  

The process of information transposition between Revit and 

ETABS, using IFC, is less effective than the “add-in” 

process. 

 

3.1.3 ArchiCAD-ETABS flow (in IFC) 

In this case, the interoperability between ArchiCAD and 

ETABS is analyse through the IFC format. As, in the two 

previous cases, the ArchiCAD structural model is saved in 

IFC format. In ETABS, through the "Import" menu, "Ifc 

file" option and IFC file selected. Using the import menu, 

the elements "IfcColumns", "IfcWalls" and "IfcSlabs" are 

identified. This direct process, ArchiCAD-ETABS, that do 

not have the corrections made in Revit, leads to an 

analytical model, with several errors and disconformities, 

than the models obtained in the previous points (3.1.1 and 

3.1.2). 

A detailed analysis of the model allows identifying a series 

of elements lacking connections (Figure 8). It is, therefore, 

an analytical model with many errors and disconformities, 

requiring a deep editing work in ETABS (namely, because 

of lack of intermediate corrections step done in Revit) . 
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Figure 8 – ETABS model (IFC)  

 

4 Structural analysis 

The determination of the efforts in the building´s structure 

is done using a three-dimensional model with six degrees of 

freedom per node, representing the flooring slab, floor 

slabs, beams, walls and columns. The mechanical 

characteristics of the structural elements are those that result 

from their physical dimensions. In figures 9 and 10, 

respectively, the model of the building in "mesh of wires" 

and “volumetric” is visualized. 

 

Figure 9 – "Mesh of wires" model 

 

Figure 10 – “Volumetric” model 

4.1 Design of slabs 

Slabs´ design is carried in ETABS in accordance with 

Eurocode 2. ETABS determines and graphically presents,  

plants, of stresses, deformations and the reinforcement 

necessary to be added to a defined base reinforcement. 

 

Figure 11 ilustrtes the moments in Floor 1 (larger 

dimension). 

 

Figura 11 – Moments – larger dimension (Floor 1). 

Figure 12 shows the result of slab reinforcement design. 

ETABS positions the reinforcement at critical point (these 

are add to a base reinforcement of 12 mm rods, away from 

0.20 meters in square mesh on the lower and upper faces of 

the slab). 

 

Figure 12 - Slab reinforcement (Floor 1) 

Figure 13 exemplifies slab deformation.  

 

Figure 13 – Slab deformation (Floor 1) 

 

4.2 Design of columns 

Columns´ design is carried in ETABS, following Eurocode 

2. A set of predefined sections (concrete section and 

detailed reinforcement) is pre-defined. ETABS indicates 

which changes are required for all sections to be sufficient.. 
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Figures 14, 15 and 16 illustrate, respectively, a volumetric 

perspective of columns, sections of columns (for example, 

section P802520 corresponds to a section of 80cm x 25cm 

armed with 8 rods of 20 mm) and a perspective where it is 

possible to visualize for each column the ratio between the 

required resistances and the solutions´ resistances. 

 

Figure 14 – Volumetric perspective of columns (Floor 1) 

 

 

Figure 15 – Columns sections (Floor 1) 

 

 

Figure 16 – Required resistance / solution’ resistance 

 

4.3 Design of beams 

Beams´ design is also done in an integrated way by ETABS, 

following Eurocode 2. The reinforcement is calculated by 

bending. ETABS graphically provides reinforcement in 

critical sections. Figure 17 shows a beam section and the 

reinforcement determined for three critical sections: ends 

and middle section. 

 

 

 

Figure 17 – Beam design (Floor 0) 

 

4.4 Modelling exportion 

Once the structural design of the building is done in 

ETABS, the structural model must be transposed to Revit 

and ArchiCAD in order to concentrate the information 

created, in a single model, the BIM model, according to 

BIM methodology.  

An inverse interoperability process, to that described in 3.1, 

is carried out. Three processes of updating the BIM model 

are analysed: 

• ETABS-Revit-ArchiCAD flow (through "add-in"); 

• ETABS-Revit-ArchiCAD flow (in IFC); 

• ETABS-ArchiCAD flow (in IFC). 

 

4.4.1 ETABS–Revit–ArchiCAD flow (“add-in”) 

The process starts using ETABS export menu, where there 

is the possibility to "Revit Structure .exr File" and an .exr 

file is created compatible with “Revit CSIXRevit2017 add-

in”. In Revit, and using "add-in" there is the possibility of 

"Import to Update Existing Revit Project from ETABS 

SAFE or SAP2000". Once the .exr file is chosen, an import 

menu is opened. Then it is possible to identify how many 

elements exist in the imported ETABS file, as well as, to 

identify how many corresponding elements exist in the 

source Revit model. It is noted that there are a much larger 

number of elements imported from the ETABS. 

In the import process, there is also the option of matching 

the sections of the ETABS elements with the corresponding 

Revit families. In this process, only one warning occurred 

because a Revit family corresponding to the section of steel 

profiles is not found, a warning that also occurred in the 

reverse process (Revit-ETABS). After correcting this 

warning, the model updates process starts and 883 warnings 

and 12 errors are identified as follows:  

• 9 warnings - "Element is slightly off axis and may cause 

inaccuracies"; 

• 254 warnings - "Line in sketch is slightly off axis and may 

cause inaccuracies"; 

• 155 warnings - "Wall is slightly off axis and may cause 

inaccuracies"; 
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• 465 warnings - "Highlighted walls overlap. One of them 

may be ignored when Revit find room boundaries. Use cut 

geometry to embed one wall within the other "; 

• 12 errors - "Cannot keep elements joined". 

In this process of updating the structural model in Revit, the 

two models, the initial one existing in Revit, and the one 

imported from the ETABS, are overlapped, which explains 

the large number of warnings that arise. 

Using “error detection options”, a careful analysis of each 

error is performed. A partial analysis, for example, by floor, 

facilitates the identification of all situations. For this 

purpose, Revit's "Unjoin Elements" option is required to 

view the updated model (Figure 18). When this option is 

executed, it is possible to verifiy that the number of errors 

increased from 12 to 911. 

 

Figure 18 – Revit model updated ("add-in") 

By using Revit's specific capabilities again, an exhaustive 

analysis of each error is carried out. 

The warmings are due to the approach used in ETABS. For 

example, curvature of slab edges are simulated through 

finite elements of slab with edges challenges of small size. 

In the convex edge zones, the slab modeled in ETABS is 

slightly smaller than the one in Revit and in the concave 

edges the inverse occurs, the slab modeled in ETABS is 

slightly larger than that existing in Revit. This approach, is 

responsible for warnings of the type "Line in sketch is 

slightly off axis and may cause inaccuracies". 

Thus, it is possible to conclude that the high number of 

warnings and errors results from changes, modifications 

and simplifications made in ETABS to optimise the 

analytical model and facilitate the structural analysis. 

After completing this step, the process of updating the 

structural model in ArchiCAD begin. In order to perform 

this process is used the structural model in Revit, previously 

imported from ETABS, as there were no errors, besides the 

errors due to the simplifications made in ETABS, and to the 

overlap of the two models.  

Thus, using the "add-in" option "Export to ArchiCAD", an 

IFC is created. In ArchiCAD there are three options for 

updating the model: "Merge to IFC Model"; "Detect IFC 

Model Changes" and "Update with IFC Model". 

The update of the model is made choosing "Detect IFC 

Model Change”. In this option, two files in IFC format have 

to be selected: the structural model in ArchiCAD and the 

Revit file, created in the previous step. Then, ArchiCAD 

identifies the number of new elements created, deleted or 

just modified, creating two new layers: "Old" and "New". 

In the "Old" layer, it is possible to visualize the model with 

“eliminate” elements in red and “modified” elements in 

grey (Figure 19). The "eliminated" are elements that have 

undergone geometric changes and the “modified” are 

elements that have undergone changes in their properties - 

not undergone geometric changes but containing changes in 

the information of the element. 

 

 

Figure 19 – “Old” layer 

In the "New" layer, it is possible to visualize the model with 

“created” elements in blue and “modified” elements in 

green (Figure 20). The “created” are elements that have 

undergone changes in their IFC properties and geometric 

changes and the “modified” are elements that only have 

undergone changes in their IFC properties. 

 

Figure 20 – “New” layer 

After updating the structural model in ArchiCAD and 

having identified all the elements that have changed 

geometry, it is important to check if the changed elements 

are compatible with the architecture. 
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It is possible to conclude that the transposition process 

using the Revit “add-in” is reliable allowing a secure 

interaction between the architecture definition and the 

structural dimensioning. 

 

4.4.2 ETABS–Revit–ArchiCAD flow (in IFC) 

The process starts using ETABS export menu, where "IFC 

File" option creates an IFC file. In ETABS, it is possible to 

choose what type of IFC file to create, whether the file 

creation is for architectural upgrade or for structural 

analysis update, and confirm the number of elements that 

are included in the file to create. Should choose to create a 

file, for the structural analysis update, in order to include all 

the geometric characteristics and IFC properties of the 

elements. 

Once the export is complete, some differences are detected, 

between the number of exported elements and the number 

of elements detected in Revit when importing the .exr file, 

using the “add-in” CSIXRevit2017. For example, the 

number of beams exported is 686, which corresponds to 16 

beams and 670 "null lines". When the “add-in” is used 

(section 4.1.1) only 16 beams are detected. 

"Null lines" are elements used in ETABS to improve the 

analyses without having neither geometric nor mechanical 

characteristics. Thus, cannot be considered as beams. 

However, when the export file is created in IFC format, the 

"null lines" are exported as beams. 

After exporting the file in IFC the process of updating the 

structural model in Revit is carried out. For this purpose, the 

IFC file is imported into the file with the original structural 

model in Revit. Of this attempt results 671 "Unrecoverable 

Error" and the collapse of Revit. This process is tried 

several times, always leading to the shutdown of Revit. It is 

also analysed the process of importing the IFC file into an 

empty Revit file but again 671 "Unrecoverable Error" and 

Revit´s collapse. 

It is possible to conclude that the process of information 

transfer ETABS–Revit–ArchiCAD (in IFC) is not possible. 

 

4.4.3 ETABS–ArchiCAD flow (in IFC) 

The update of the model is made choosing "Detect IFC 

Model Change” in ArchiCAD (as in 4.4.1). Two IFC files 

are selected: the one corresponding to the existing structural 

model in ArchiCAD and the exported file from ETABS. 

After that, and during the model update, an error message 

occurs reporting inconsistencies in reading the IFC file. 

Continuing the model updated process, the number of new, 

modified and eliminated elements are identified and 

although expecting the creation of two new layers called 

"New" and "Old", (as in 4.4.1), what happen is the creation 

of only the "Old" layer and all elements of the existing 

ArchiCAD model were marked in red, corresponding to 

“deleted” elements. 

The "New" layer is not created and no information is 

updated based on the IFC file imported from ETABS. 

The results obtained allows concluding that the 

transposition process ETABS–ArchiCAD using IFC format 

is not possible, and, the desired interoperability capacity 

does not exist. 

 

5 Conclusions 

The main objective of this work is to analyse the process of 

transposition of information between structural models in 

BIM environment. 

For this purpose, a real case study is used and a hotel 

building chosen. The architectural design model, developed 

in ArchiCAD, is used to design the structural model, 

simulating a real working case in a BIM environment.   

The work involves different stages: design, structural 

modeling, information transposition (interoperability), 

dimensioning, updating the initial model and verifying the 

compatibility of the structural design with the existing 

architecture in order to evaluate interoperability between 

BIM platforms (ArchiCAD 21, Revit 2017 and ETABS 

2016). 

The main conclusions from the work done are: 

• In the direct flow ArchiCAD-ETABS, although the 

transposition process occurs without great problems, the 

model obtained is very inconsistent; 

• By using IFC format, the transposition process 

ArchiCAD-Revit-ETABS, occurs without major problems. 

It is a more time-consuming and labour intensive process in 

Revit and in ETABS than using “add-ins”; 

• In the transposition process ArchiCAD-Revit-ETABS 

using “add-ins”, the process is reliable and is processed 

without significant loss of information, allowing a secure 

interaction between the architectural model and the 

structural model. 

With regard to the reverse transposition process - to update 

ArchiCAD model - the use of IFC format is discouraged, 

leading to the collapse of the structural model in Revit, 

during ETABS-Revit process. In the case of ETABS-

ArchiCAD transposition process, using IFC, the updating 

of ArchiCAD do not occur, which is also discouraged.  

ETABS-Revit-ArchiCAD transposition process using 

“add-ins”, by way of ArchiCAD import optin "Detect IFC 

Model Changes", it is intuitive to check the elements that 

undergone geometric or parametrization changes and also 

to verify which elements are still compatible with the 

architecture. 

In summary, it is possible to conclude that there are 

interoperability, fundamentally, when using available “add-

ins” that enable the process of transposition of structural 

models to structural programs and to modelling platforms. 

The update is easy and intuitive enabling error detection and 

improved production compared to traditional processes. 
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This study also demonstrates that the level of efficiency and 

reliability, generated by interoperability, are still 

insufficient and more work has to be done. 
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