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1.0 Introduction
This paper presents an extract of the dissertation entitled "Structural design developed in a
BIM environment", carried out at conclusions of my university studies in Building
Engineering at the Polytechnic of Bari.
The study was supervised by Eng. Francesco Porco, Professor in “Construction
Techniques”, and conducted thanks to the support of Graitec, which provided licenses to the
software used in the case study. .
Contemporary society is experiencing a deep transformation due to the diffusion of
information technologies (IT), which are radically changing the way we live, work, generate
documents and exchange information.
The technological innovation is leading to a gradual change of the design philosophy in the
building sector.
In recent times, the acronym BIM (Building Information Modeling), better indicated as
BIMM (Building Information Modeling & Management), has become a subject of
increasing interest in the building sector, starting from the project idea, up to the
management of the building.
The thesis investigates about BIM in all its aspects, focusing on the use of BIM in the
structural field through a case study. Autodesk Revit 2019 and Graitec Advance Design
2019 were the two BIM software used for the design, perfectly communicating with each
other.
The first software was used for the architectural modeling of the building, while the second
was used for the structural calculation and subsequent reinforcement design.
The designed building is not an existing building, as we preferred to simulate the building
process starting from the design phase of a new building.
This extract presents the structural design in the BIM environment, through the use of the
two software mentioned above, and analysing each step of the design.
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2.0 Application to a case study
In this chapter we will describe the design of a reinforced concrete building, for residential
use, of seven flights, through the use of Revit 2019 for the architectural design of the model
and of Advance Design 2019 for the structural design.
In the first part of the chapter the work will be described in all its parts (materials used, site,
type of structure, etc.). Subsequently, each step of the design will be described in detail,
both in Revit 2019 and in Advance Design 2019.
The detailed description of the project shows the practical application to the structural
design in BIM environment.
The design mode perfectly reflects the BIM 3.0 approach, where once the model is
generated, all the changes will be synchronized in both software, in order to involve all the
actors of the building process, avoiding errors of transcription or of any kind and
significantly shorten the design time.

2.1 Description of the work
The structural elements that will be designed are part of a multi-storey building intended for
residential use, located in Bari Palese in Italy. The building is spread over six floors above
ground with impracticable flat roof, covering an overall area, considering the foundation
plinths, of about 394.56 square meters and reaching a height of about 18.68 m above
ground. For the building it has been hypothesized the construction of a framed structure in
reinforced concrete with masonry slabs cast in place.
The dimensions of the beams and pillars were chosen by pre-sizing the elements according
to the size of the building. All the pillars have dimensions 40cm * 60cm, while the beams
have different dimensions. As we can see in figure 1 (carpentry of the building floor), all the
edge beams, connecting beams and stairwell beams are 40cm * 60cm. While the central
beam is a flat beam of 70cm * 30cm.
The carpentry in figure 1 shows the structural setting of the type of floor slab designed for
the building. Starting from this setup I created the 3D model in Revit. The choice of the
place of realization of the building, i.e. Bari Palese, was made to obtain fundamental design
data, such as the exposure class or the characteristics of the foundation soil.
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Figure 1. Carpentry of the building floor

The class of exposure chosen is the XS1 class, being a building exposed to salt spray, but
not in direct contact with sea water. This exposure class is used for near structures or
located on the coast, as in our case. The constitutive bonds adopted during the design phase,
refer to non-linear materials (elasto-plastic field) and are shown in figure 2, with: εc2 =
0.2%; εcu = 0.35%; εyd = 0.186%.

Figure 2. Adopted Constitutive rules for concrete and steel

In figure 2, the constitutive bond of the concrete is shown on the left and that of the steel on
the right. For the calculation of the concrete cover, i.e. the distance between the outer part of
the reinforcement and the external environment, we have applied the NTC 2018 regulation,
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setting concrete cover as 45mm. In the execution of the work the use of C32 / 40 concrete
and B450C steel is planned. All the acquired data, deriving from the design choices, were
used during the design, being inserted into the software mentioned above. The choice of
materials used in the building, such as the materials used in the floor or in the external infill,
was made by searching online for the manufacturing companies that could provide us with
detailed technical data sheets for each material. This way we have completely defined each
characteristic of the materials (thermal capacity, density, mechanical strength, etc.). In the
model generated in Revit, we have created new materials, inserting the characteristics of the
chosen materials. Furthermore, by fully defining the permanent overloads (G2), in load
combinations, we have been able to use a reduced safety coefficient for non-structural
permanent overloads, i.e. ΥG2 = 1.3 .
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2.2 Implementation of the architectural model in Revit
After defining all the project data and outlining the plans on each floor of the building, we
have created the structural model in Revit. Starting from the plan of the typical floor, built
on AutoCAD, we have imported the plan in Revit, using the command "Import CAD". Then
we inserted all the structural elements (pillars, beams, and structural floor). All the elements
have been inserted from the window "Structure", to be then read as structural elements on
Advance Design.

Figure 3. Structural Model realized in Revit

In the architectural model in Revit, it is also possible to insert, in addition to the structural
components, all the other materials, which define the non-structural overload (G2). All these
materials, which can be inserted, must be indicated as G2 loads, otherwise the software will
automatically define them as permanent structural loads (G1) and we will not be able to
separate them once the model has been imported into Advance Design. In this case we
decided to realise only the structural frame in Revit. This way, we only imported the
permanent structural loads (G1) in Advance Design, in order to show the insertion of the
other loads directly from Advance Design. figure 3 shows the structural model made in
Revit, which we subsequently imported into Advance Design. The following model
contains information on the geometry of the elements, on the materials, on the weights and
on the physical, mechanical and thermal characteristics of each element.
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2.3 Export of the model on Advance Design
The model export phase is a fundamental phase of a BIM design. Starting from the model
made on Revit it is possible to export this model in Advance Design (structural design
software), through the installation of the Graitec Power Pack, a tool provided by Graitec,
which allows the interaction between Revit and Advance Design.

Figure 4. Model export from RVT to AD

As you can see in figure 4, by opening the "GRAITEC PowerPack" tab (inside the Revit
interface), a new communication interface will open between Revit and Advance Design.
By clicking on the "BIM Connect" command and then on "Export", a new tab will open (see
figure 5), to export the model to
Advance Design. From this tab, I chose
the type of format I wanted to export,
that is a .Gtcx file, by clicking on
"GRAITEC B
Within the following window, you can
choose the nationality of the library and
the types of load that we have to export
(in my case Italy and G1). After
entering correctly all the data, by
clicking "OK", the software will start
the export process, generating a .Gtcx
Figura 5. Export Panel from RVT to AD

file, which can also be read by Advance
Design.

Once the file is generated, we will have to open it with Advance Design, turning it into a
native file (.fto).
Subsequently, we will be able to map all the materials deriving from Revit, choosing them
from the Advance Design library, or creating a new mapping, starting from the data set on
Revit. After mapping all the materials, the model will be opened in Advance Design. Figure
6 shows the 3D view of the imported model.
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Figure 6. 3D View of the model imported in AD

The imported model will be identical to the one made in Revit and also the subdivision of
the structure into levels will be the same. Although the export process is very precise, it is
advisable to check the correct import of the
sections (pillars, beams, etc.).
In the Advance Design user interface, clicking
on the "Management" tab and then on the "Used
sections" command, a new tab will open (see
figure 7), where we will be able to manage all
the sections of the model.
This way, we will avoid trivial mistakes that
could jeopardize the whole project.

Figura 7. Management of sections in AD
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2.4 Modification and insertion of loads
As mentioned previously, not all loads have been placed on Revit. This was done to show
the inclusion of some loads, directly in Advance Design. Working with structural elements
in Revit, the entire model imported into Advance Design will be composed exclusively of
structural elements.
So Advance Design will automatically read all G1 loads imported from Revit. First of all,
we have included the load families. From the pilot panel, by right clicking on "Loads", we
select the "Create load families" command. This way, a window will open (see figure 8),
where we can insert different load families (permanent load, variable, etc.), indicating the
quantities.

Figure 8. Insert of load families

In the project we have included two permanent loads (G1 and G2), a variable load (Q) and a
snow load (N). The created load families are displayed in the pilot panel, as shown in figure
8. All load families do not have a set load value, except for the family of permanent
structural loads (G1), which was imported by Revit. From the pilot panel, if we click on one
of the load families, the property window appears on the right side of the screen.
From this window it is possible to set all the properties related to the load families,
configuring them according to our needs.
By clicking for example the family of permanent loads "1-G1", we will be able to manage
its properties on the "property" panel, which will open on the right of the screen (see figure
9).
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As we can see in figure 9, from the panel “properties”of the G1 load, we can manage its
category, its effect and its coefficients. In our case, the category is set to "Structural", G1
being a structural permanent load, while the effect has
been set to unfavorable (sfav).
From this panel we can also manage the load name, its
number, the code and the colour that will be shown in
the 3D model.
In the panel “properties” of the G2 load, we have
modified the category to "non-structural", being a nonstructural permanent load. For variable loads (Q),
instead, in "category" the destination of use of the
building is inserted, depending on where the load is to
be applied.
As shown in figure 10, for the variable load Q, we gave
a dominant effect, being the most important load (this is
considered during the generation of load combinations).
For the category, we have assigned Category A. The
following category is assigned for residential buildings,
ideal for our project, being a building intended for such
use. For snow load (N), the properties to be
inserted are more numerous.
As we can see in figure 11, the snow load is set
according to the NTC 2018 standards. As a
category, we have assigned an altitude <1000m
s.l.m, while the effect is contemporary.
Figure 9. Panel of properties G1

By clicking on the "Typical Value" command,
the map of Italy will open, where we can click
the area where the building will be located, to
automatically detect the exposure coefficient
(CE).
In our case, we are in the blue area, where CE =
1. After setting all the properties of the load
Figure 10. Panel of properties Q
families, we can proceed with the insertion of the
loads in the model. From the pilot panel or directly on the 3D model, you can select the
desired elements and insert the loads on those elements.
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Figure 11. Panel of properties for the snow load N

For example, if we wanted to insert the load G2 (corresponding to the load case number 2)
in all the slabs, we will first have to select all the slabs.
Once selected, by roght clicking, we will have to select the "load / select" command and a
new window will open (see figure 12), where we can insert the desired loads. In the
following window, we will have to insert the load case 2,
under the heading "Load Case".
The name is automatically set by the software as a surface
load, being a slab. Since G2 is a vertical load (acting on the z
axis), we will enter the value of the load, within the "FZ"
entry.
In the case of the project in question, we have selected all
the floors, except the roofing one (having a different G2) and
we have added the value -1.687 KN / m2 to the "FZ" item
(value calculated by us according to the materials used) .
The same operation was carried out for each element and for
each load family. At the bottom will be shown the loads that
were associated with the elements directly on Advance
Figure 12. Window load/select

Design. Therefore, the values of G1 loads, detected
automatically by Revit, will not be shown.
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-SLAB PT, P1, P2, P3, P4, P5:
G1, structural permanent load = automatically detected by Revit;
G2, non-structural permanent load = 1,687 KN / m2;
Q, variable load = 2.00 KN / m2;

-COVERING SLAB (ROOFING):
G1, structural permanent load = automatically detected by Revit;
G2, non-structural permanent load = 1.32 KN / m2;
Q, variable load = 2.00 KN / m2;
N, snow load = 0.8KN / m2

-BALCONY SLAB: G1, structural permanent load = automatically detected by Revit;
G2, non-structural permanent load = 0.886 KN / m2;
Q, variable load = 4.00 KN / m2;
N, snow load = 0.8KN / m2

- EDGE BEAMS:
G1, structural permanent load = automatically detected by Revit;
G2, non-structural permanent load = 16.054 KN / m2;
Q, variable load = 14.482 KN / m2;
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2.5 Calculation of the finished elements
After assigning all the loads inside the model, we checked the conformity of the model and
started the calculation of the finished elements. From the pilot panel, clicking on the
"Analysis" tab, a new window will open, called "Calculation sequence". Then, by clicking
on the item "Calculation Finished Elements" and giving the ok, the solver analyzes the
model, verifies the correctness of the input data, creates the mesh and performs the
calculation of the finished elements.

Figure 13. 3D View after FEM calculation on AD

The FEM calculation takes a few minutes and then we will be able to visualize the structure
fragmented in many small elements, as shown in figure 13. Starting from the model
obtained we will be able to visualize all the results deriving from the FEM calculation.
Furthermore it is possible to select one or more elements at the same time and start the BIM
Designers, for the projects of the reinforcement frames. In the present case study, it was
preferred to design the reinforcement frame directly in Revit, using the "Graitec Concrete"
tool, synchronizing the newly calculated model.
14

2.6 Displaying results
As previously mentioned, once the FEM calculation has been performed, we will be able to
visualize all the results obtained, through stress diagrams, strains and tensions. From the
"Results" tab, we can manage and display all the results obtained.

Figure 14. 3D View of the deformation resulting from the own weight G1

In figure 14, the 3D view of the deformation resulting from the own weight G1 is shown. To
display the deformations deriving from the G1, from the "Results" tab, we have inserted the
item "Movements" and "G1", and we have clicked on the "Post-Processor" command.
In a few seconds, the software performs the displacement calculation and shows us the
deformed model. Below, to the right of the image, we can see a chrome scale, where each
colour corresponds to a numerical value in centimetres.
This way, we can understand how the structure is deforming. By inserting the other loads
(G2, Q, N) or load combinations, we will see how the structure deforms, depending on the
selected load.
In the images below (figures 15 and 66), I wanted to show other results obtained from the
FEM calculation, respectively related to the normal stress (Fx) and to the time along the y
axis (My). The following diagrams (figures 55 and 56), do not refer to displacements but to
forces.
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Figure 15. 3D View of the normal stress (Fx)

Figure 16. 3D View of the bending moment (My)
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2.7 Synchronization of the model on Revit
After performing the FEM calculation and viewing the results obtained on Advance Design,
we have synchronized the model (updated with the new loads) on Revit. The following
synchronization is used to import the new loads on Revit, so as to proceed with the design
of the reinforcement frame.
To synchronize the model, you need to export the model from Advance Design (.fto file).
Going from the "BIM" tab, present in the Advance Design interface, we can click on
"Import" first and then on "Export". This way we will generate a new file (.Gtcx), which can
be opened in Revit.

Figure 17. Model export from AD

The procedure to export the model from Advance Design, takes a few seconds and is shown
in figure 17. After generating the .Gtcx file, we will have to open Revit and synchronize the
model inside it. Model synchronization is a very delicate phase and takes some time.
This is done in Revit, from the "Graitec PowerPack" tab, clicking on "BIM Connect" and
then on "Synchronization". By clicking on "Synchronization", a new window will open,
shown in figure 18.

Figure 18 Table of Loads Synchronization from AD to RVT
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From the following window, clicking on "Load", we can select the file from which to import
the loads, or the file (.Gtcx) that we have just generated in Advance Design. Once the file is
selected, all the loads in the model will appear on the table.
Those applied in Advance Design will appear in green, those modified in blue and in red
those that have been removed. Then, we can select them all, right-click, accept them and by
clicking on "Apply", we will apply the new loads in Revit.

Figure 19. Loads import from AD to RVT

Once synchronized, the model will acquire the loads added or modified by Advance Design.
The following loads will be visible in the model, as shown in figure 19 and will be Revit
loads. In fact we can select them and modify them within Revit. At this point, if I had to
modify a load, I could synchronize the modified model in Advance Design, redo the
finished elements calculation and resynchronize everything on Revit.
The same thing is also true if you had to make geometric variations on the model or add
new materials. To check the correct import of the loads, we can select an element, for
example a foundation plinth, click on the command loads and combinations, and check the
presence of the newly imported loads. In figure 20, an example of displaying loads in the
plinth is shown after synchronization.
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Figure 20. Display of the loads imported in the plinth

At this point we will have imported the loads, but not yet the analytical results obtained
from the FEM calculation. To import the analytical results, use the "Graitec Concrete" tab,
which will be visible in Revit once the Power Pack has been downloaded. As we can see in
figure 21, clicking on the item "Loads and Combinations", we can select "Import Analytical
Results" and import all the results obtained by Advance Design.

Figure 21. Import of Analytical results from AD to RVT

After selecting "Import Analytical Results", a new window will open where we can choose
whether to import or not, the FEM results from Revit. Furthermore, the software also asks
us which result package to use.
The following window is shown in
figure 22. In our case study, we chose
to import the FEM results from Revit
and selected the file exported from
Advance Design, as a result pack,
giving the final ok. Practically, the
stresses deriving from the analysis of
the finished elements are associated with the elements of the model (plinth, pillar, beam,
Figure 22. Selection of the result package to use
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joist). At this point, if I selected a plinth, clicking on "Loads and Combinations", a new
window would open (see figure 23), where I would note that the plinth was associated with
loads and also with stresses.
As we can see in figure 23, clicking on the "Definition of loads" tab, the stresses associated
with the plinth will be present, depending on the set loads.

Figure 23. Stresses associated with the model elements
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2.8 Design of the reinforcements
To proceed with the design of the reinforcements we will have to create verification groups
of the elements having common characteristics, within Revit. By creating verification
groups, we can set up reinforcing hypotheses, for several elements at the same time. In our
case study, we have created verification groups for some plinths and pillars.
For beams, on the other hand, the "multi-span beams" command is used, as it is not possible
to create verification groups.

Figure 24. Creation of verification groups

In figure 24, an example of creating a verification group is shown. To do this, simply select
two or more pillars belonging to the same floor and click on "Create Verification Group" in
the "Graitec Concrete" tab. Then a new window will open (shown in figure 25), where we
will be able to enter the group name.
In the example shown in figure 25, we created a verification group and we called it
"PILLARS 4/5 P1", that is the pillars number 4 and 5 of the first floor. The same procedure
was repeated for pillars number 4 and 5 of each floor, so as to completely design the two
plates.
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Figure 25. Creation of the verification group for pillars 4 and 5 of the first floor

After creating the verification groups for pillars number 4 and 5, we have created a
verification group for the plinths 4,5 and 6. As for the beams, since it is not possible to
create verification groups, we have selected the edge-beam of the first floor, creating a
multi-span beam by clicking on the "Create multi-span beam" command.
When we create a new verification group, the software asks us to select a verification
Template, which is a reference model in the BIM Designers, having the same characteristics
of our element. The window that is opened when we create a verification group or a multispan beam, is shown in figure 26.

Figure 26. Assignment of the verification template

In the present window, we are told what kind of verification group we have created (in this
case a group of foundations). We are also asked to insert the verification template, the name
of the group is indicated and we are reminded that the elements have not yet been
calculated.
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In fact, the heading "Status" appears as ‘not calculated’, as we have not yet performed the
calculation of the reinforcements.
The verification groups are very useful, as by selecting an element belonging to a
verification group and by modifying the reinforcements hypotheses, we will apply the
variations to all the elements belonging to that group.
After creating the verification groups, we can proceed with the inclusion of the design
assumptions for the elements. Starting from the foundation plinths we have selected a plinth
belonging to the foundation verification group, in order to set these parameters for all the
plinths of the group.

Figure 27. Verification Hypothesis of the foundation plinth

In the "Graitec Concrete" tab there is a table called "Hypothesis" (see figure 21), where we
can insert hypotheses on the geometry of the element, on the reinforcement, on the
verification and on the stratigraphy of the ground. Having already set the geometry of the
element, we have moved on to the calculation hypothesis, by clicking on "Calculation".
As we can see in figure 27, by clicking on "Calculation", a new window will open, where
we will be able to manage all the hypotheses of general calculation, the concrete cover, the
type of concrete and so on.
For example, the image shows the setting of the cover in all parts of the plinth. For our
foundation plinth we chose a 50 mm concrete cover, while in the lower part we increased
the concrete cover to 75 mm. As concrete we have set the C32 / 40, while for the steel the
23

B450C, setting all the characteristics of the two materials. From the item "Reinforcement",
it is possible to set the arrangement of the reinforcement and which diameters to use. By
clicking on "Reinforcement" and then on "Reinforcements’ diameters", a new window will
open (see figure 28), where we will be able to select the diameters to be used.

Figure 28. Hypothesis of the reinforcement diameters

After the assumptions on the reinforcements diameters we have set the hypothesis of the
arrangement of the reinforcements by clicking on "Reinforcement" and then on
"Reinforcement hypothesis".
This way a new window will open, shown in figure 29, where we will be able to manage all
the hypotheses on the arrangement of the reinforcement in the foundation plinth.
From this window, we can set the desired diameter, the quantity of the longitudinal bars (Q),
the pitch (S) and set the arrangement of the reinforcement both on the x axis and on the y
axis. For our plinth, we set the reinforcement on both the x and y axes, indicating the
diameter of ø16.
As closure of the bars, we have set a continuous closure from bottom to top. Having already
imported the analytical results from Advance Design, the software will automatically
calculate the theoretical reinforcement, depending on the stresses associated with the
element.
The theoretical reinforcement is shown in the window in figure 29, bottom left. By
increasing the quantity of the bars (Q), we get to increase the actual reinforcement, until
reaching or exceeding the theoretical reinforcement. In this way we will insert the right
amount of reinforcement for each element.
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Figure 29. Hypothesis of reinforcement of the foundation plinth

Regarding the plinth design, we had to set up the stratigraphy of the foundation soil. First of
all, we have researched a geological relation of a soil in Bari Palese, in order to have
truthful data on the ground and insert it into the project. The software already has a database
of types of land and rocks, from which we can choose.

Figure 30. Land Database

By clicking on "Stratigraphy of the ground" and then on "Land database", a new window
will open (see figure 30), where we will be able to see all the lands available in the software,
with their physical and mechanical characteristics.
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By clicking on "Stratigraphy of the ground", the window shown in figure 31 will open.
From the following window we can set the stratigraphy of the foundation soil, inserting the
types of land coming from the database.
For each layer created it is possible to insert the depth, the thickness, the colour, the type of
soil and its coefficient Υ. When a soil type is inserted, all data is also entered, including the
coefficient Υ. The coefficient can be modified, so as to recreate perfectly the stratigraphy of
the soil detected on site.

Figure 31. Ground Stratigraphy

When we insert the layers that make up the foundation ground, the software shows us a
preview, to view our soil in 2D.
In the preview of the stratigraphy, various information (soil type, color and thickness) are
visible, useful for visual understanding of the subsoil.
After setting all the hypotheses for the foundation plinth, we made the same steps also for
pillar number 5 (thus designing also the pillar number 4, which is part of the same
verification group) and the beam on the first floor.
For example, for pillar number 5 we set the C32 / 40 as concrete, set the steel stresses and
enter as XS1 exposure class.
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Figure 32. Hypothesis of verification for pillar number 5

Figure 32 shows the hypothesis of verification on reinforced concrete, set for pillars number
4 and 5. The hypotheses that we can set for each structural element obviously depend on the
type of element we are considering.
For example, for the pillar, clicking on "Reinforcement hypothesis", a different window will
open with respect to the plinth.
In figure 33, the window of the pillar reinforcement hypothesis is shown. From this
window, it is possible to design transversal and longitudinal reinforcement, setting the
quantity, diameter, pitch and type of closure. In addition to the longitudinal and transverse
reinforcement, it is also possible to design the lower and upper iron bars.
In our case, the lower ones were not inserted, while for the upper ones we set the length, in
compliance with the NTC 2018 regulation. Another interesting approach is to be able to
choose the ductility class (CDB or CDA) inherent to the seismic disposition.
The following window is shown in figure 34. As we can see, the assumptions of the
reinforcements are numerous and allow us to make the reinforcements according to our
design ideas.
After having carried out all the hypothesis of reinforcement for the structural elements, we
can proceed with the calculation of the reinforcement. This way we will generate the
reinforcement and we will see it in 3D, inside the calculated element.
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Figure 33. Hypothesis of the pillar reinforcement

Figure 34. Seismic provisions
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To start the reinforcement calculation, you need to select the item you want to calculate.
Once selected, from the "Graitec Concrete" tab, we will have to click on "Calculate" (see
figure 21) and start the reinforcement generation.

Figure 35. Reinforcement generation of the foundation plinths 4, 5 and 6

In the case study, we selected the foundation plinth number 4 (entered in the verification
group with plinths 5 and 6) and after setting all the hypotheses, we started the calculation.
After a few seconds, the software showed us the 3D reinforcement inside the plinths 4,5 and
6, as shown in figure 35. Directly on the 3D model we can see the arrangement of the
reinforcement, according to the hypotheses previously set.
After generating the reinforcement, the software shows us the status of the calculations just
made and warns us in case of ineffective reinforcement. For the calculation of the pillars,
instead, we selected the pillar number 4 (inserted in the verification group with pillar 5) and
we started the calculation of the reinforcement.
Covering more structural elements, the calculation takes a little more time, but it is always
fast enough.
Figure 36 shows the generation of the reinforcement of pillars 4 and 5. The image of the
three-dimensional reinforcements that Revit shows us is very detailed and can be very
useful in understanding the arrangement of the reinforcement and indeed in making it
understood.
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Figure 36. Reinforcement generation of pillars 4 and 5

Initially the calculation of the pillar reinforcement was not successful for all pillars. As we
can see in figure 37, the status of the first pillars is "Calculated ok", while the following
pillars were "Calculated with errors".
By clicking on the red cross, the software tells us where to intervene to eliminate the error.
Once we have understood what to do, we will have to reset the reinforcement hypothesis
and redo the calculation, until all errors have been eliminated. The same procedure was also
carried out for the calculation of the beam on the first floor, where after some variations, the
calculation was positive, as shown in figure 38.

Figure 37. Project status of pillars 4 and 5
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Figure 38. Project status of the multi-span beam

After having correctly calculated all the elements, we will be able to view the
reinforcements in the Revit 3D model. Subsequently, images will be shown, to enhance the
details of the reinforcements calculated in the present case study.
Figure 39 shows the three-dimensional view of the Pillar-beam node, where we can admire
the level of detail of the reinforcements, such as the bending of the brackets. In figure 40,
instead, we can observe the detail of the reinforcement in the Plinth-Pillar node. By
enlarging the view of the 3D model, the detail of the reinforcement visibly grows, as shown
in the figures.

Figure 39. 3D view of the Pillar-Beam node
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Figure 40. View of the Plinth-Pillar node

A fundamental aspect of the reinforcement design, through the use of the two software
(Advance Design and Revit), is the immediacy of the generation of the same, depending on
the project hypothesis.
For example, in the window of the pillar reinforcement hypothesis, shown in figure 33, from
the cross-section of the transversal reinforcement, it is possible to tick the "Connections on
Slabs" entry, i.e. insert the pillar brackets inside the beam.
If you do not tick the "Connections on Slabs", the software will generate the reinforcement
by not passing the pillar brackets inside the beam.
The following design hypothesis is shown in figure 41. On the contrary, by ticking
"Connections on Slabs", we will indicate to the software that we want to pass the transversal
reinforcement of the pillar inside the slab. The following example is shown in figure 42,
where we will see the pillar brackets going through all the slabs.
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Figure 41. Transverse pillar reinforcements not passing through the beam

Figure 42. Transverse pillar reinforcements passing through the beam
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Ultimately, all the generated reinforcements will be visible within the 3D model. In the
present case study, we designed the reinforcements of the plinths number 4,5 and 6, of the
pillars number 4 and 5 and of the beam on the first floor.
The designed reinforcements are shown in figure 43, where all the calculated elements
present the reinforcements inside. The following image is shown to view the model with the
calculated reinforcements as a whole.

Figure 43. 3D Model view of the reinforcements generated
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2.9 Final tables
Once the reinforcements of the structural elements are generated, it is possible to generate
final tables of the reinforcements bill, for each designed element. In this chapter we will
show some tables generated for our case study.
In each table, there are two-dimensional plans of the reinforcements arranged inside the
element, the bill of irons and the fold details.
To generate tables, just select the element for which you want to do it, click on the "Graitec
Concrete" tab and then select "Generate Drawings" as shown in figure 44.

Figure 44. Command for drawing

After selecting the following command, a new view will be opened in Revit containing the
2D drawing of the reinforcement. For each element, a longitudinal section and one or more
cross sections will be shown, containing the reinforcements.
Furthermore, the software will automatically create a table containing the bill of the
reinforcements. Each element inside the table can be moved to our liking, in order to
organize the table according to our standards.
In our case study, we generated three final tables of the reinforcements, one for the
foundation plinth, one for the pillar and one for the beam.
Also in this case, by generating drawings of an element belonging to a verification group,
the drawings will be generated also for the other elements belonging to that group.
In fact, in figure 45, we can see that in the table (top left) it is written that the selected
element is part of the "Plinth 3" group and that there are three elements within the group.
In figure 45, an example of a bill of the plinth reinforcements is shown, where we find the
two cross sections, the longitudinal section, the table of the reinforcement bill and the
details of a bracket used.
At the bottom right of the table, we can enter the identification data of the table, the project
and the designer.
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Figure 45. Design of the plinth reinforcement

As mentioned previously, the tables were also created for the pillar and for the beam. Figure
46 shows the design of the pillar reinforcement.

Figure 46. Design of the pillar reinforcement
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2.10 Technical Report
After the realization of the armor drawing tables, we can proceed with the generation of the
technical reports concerning the designed structural elements.
First of all we will have to customise the technical reports from the "Options" menu of the
"Graitec Concrete" tab, by clicking on "Customize Relationship". Once selected, a window
will open, shown in figure 47, where we will be able to customise the relationships of each
single structural element.
In the following window we can set up templates for each structural element (beam, pillar,
foundation), being able to choose whether to
generate a standard, synthetic, detailed technical
report, or generate a report containing load
combinations or one with error reports.
Also from this window we can choose the type
of file to generate, whether a PDF file or a
document. Finally, clicking "OK" we will set the
choices made.
After configuring the relationship settings, we
can proceed with the generation of the technical
reports.
To generate a report we will have to select an
Figure 47. Technical report settings

element, for example a foundation plinth and
from the "Graitec Concrete" tab, click on

"Generate Report".
Report generation is a step that may take a few minutes and once finished, it will allow us to
view the technical report in the format indicated in the settings.
The technical reports of the structural elements require a lot of time for the designer, while
through the use of BIM software, drawing up a report is very simple.
The following reports, besides giving us advantages in terms of time, can also be used to
visually check all the calculations made by the software. This way, the designer can
personally verify the formulas and the results obtained, keeping control of the situation.
All the generated reports have an index (different according to the selected element), shown
in figure 48.
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Figure 48. Table of Contents of the technical report for the foundation plinth

As we can see in figure 48, the report contains all necessary information on the structural
element. Starting from the geometry of the element, to the composition of the ground, to the
materials, until you get to all the calculations made on the element, with the verifications. In
the last chapter there are also warnings and error messages (if any), in order to intervene and
solve problems.
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3.0 Conclusions
The case study analyzed was made to understand the use of BIM in the structural field.
Starting from an architectural model made in Revit, we actually performed the structural
calculations and then the reinforcement design in Advance Design, exploiting the
interoperability between the two software.
Advance Design 2019 constitutes an intuitive interface, easy to use and with several design
commands. Its biggest advantage is certainly the fully compliance with Revit 2019. When
downloading the Graitec Power Pack during the installation of Advance Design 2019, the
two software will communicate perfectly with each other, allowing quick and accurate
exchange of information.

All this benefits communication between the different actors of the building process. If, for
example, those who design the architectural model in Revit, were to change a component of
the building organism (change a material, change the type of floor, etc.), the model could be
exported again in Advance Design.
In this way, the designer in charge of the structural calculation, will not have to recreate the
model and rework all the calculations, but simply import the new model and redo the FEM
calculation with the structural calculation program.
The BIM, through the collaboration of the various actors and the project management in all
its phases, allows to govern in real time the project alternatives and to make the best choice
for the building organism. All this translates into a better quality of the project and of the
work to be carried out.

39

4.0 Bibliography and Sitography
-

Il Building information modeling-BIM: valore, gestione e soluzioni operative;
Santarcangelo di Romagna, Maggioli Editore, 2015;
(Mario Caputi, Paolo Odorizzi, Massimo Stefani); prefazione a cura di Stefano Della
Torre;

-

Il BIM: guida completa al Building Information Modeling per committenti, architetti,
ingegneri, gestori immobiliari e imprese;
Milano, Hoepli, 2016;
(Eastman Chuck, Paul Teicholz, Raphael Sacks, Kathleen Liston);

-

Guida introduttiva ad Advance Design 2019

-

https://it.graitec.com/advance-design/

-

http://www.appaltiecontratti.it/2018/05/21/bim-il-quadro-normativo/

-

https://www.ediltecnico.it/63404/uni-11337-standard-italiani-bim/

-

http://www.vectorworks.it/architect/

-

https://www.bimportale.com/sap2000/

-

http://www.cefi.it/Sito%20telematico/manuali%20PDF/revit.pdf

-

http://www.revitvideoexpress.com/tutorial/famiglie-revit-introduzione/

-

https://it.wikipedia.org/wiki/Metodo_degli_elementi_finiti
40

-

file:///C:/Users/utnte/Desktop/TESI/MATERIALE/IFC%20REVIT%20INTEROPER
ABILITA.pdf

41

