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Abstract: In this study, by applying the developed formwork automation design software to three
target structures, we reviewed the applicability of the formwork automation design software for the
aluminum formwork. To apply the formwork automation design software, we built an aluminum
formwork library based on the conversion of two-dimensional (2D) computer-aided design (CAD)
data to three-dimensional building information modeling data for all the components of the aluminum
formwork. The results of the automated formwork layout on the target structures using the formwork
automation design software confirmed that the wall and deck members were laid out by the set
algorithm according to the formwork size and direction. However, because of the limited functionality
of the software, the level of completion of the formwork layout was found to be lower than that of
the manual formwork layout based on 2D CAD data. The currently developed software is based on
a simple algorithm, but has a drawback in that the automated layout is limited to only some of
its members. Therefore, additional research should be conducted on the development of advanced
software through the diversification of the algorithm, automation of preprocessing of the mesh,
and analysis of the relationships of all the members comprising the formwork.

Keywords: formwork automation design software; aluminum formwork; formwork library;
formwork layout; 3D BIM data

1. Introduction

Temporary work that includes temporary structures used to support building construction, such as
formwork, is one of the crucial cost factors in construction work [1]. In temporary work, the way in
which temporary structures are planned has a significant influence on the entire project [2–4], given that
the planning of temporary structures is affected by dynamically changing conditions and characteristics
of construction sites. However, temporary structures such as formwork are installed on construction
sites without sufficient planning and analysis that may lead to safety-related accidents [5–8].

The quantity of formwork has mainly been calculated by manually laying out formwork based on
two-dimensional (2D) computer-aided design (CAD) data. However, given that this method relies
heavily on the knowledge and experience of formwork designers, the outcomes can vary depending
on their skill levels. This makes it difficult to verify the objectivity and efficiency of the formwork
design. In addition, if inaccurate 2D CAD data are prepared owing to designer mistakes, defects in the
manufacturing of formwork may occur.

To address these issues, studies have applied various algorithms and advanced systems to
formwork design [9–17]. A study was conducted on the automation of the formwork system based on
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the development of building information modeling (BIM) software using Revit and AutoCAD [11].
However, this formwork system is a proprietary system of Revit software, and the available research
results are thus limited. A study was also conducted that set up a plan for the use of the formwork.
and calculated the amount of formwork required for a project based on the use of the data extracted
from the BIM model [12]. A study was conducted to propose a search algorithm to optimize formwork
panels [14]. Research has also been conducted on an automated form layout system that arranged
standard and nonstandard slab forms to increase work efficiency and reduce manufacturing costs [15].
As observed in these studies, there are recent approaches to formwork design that use advanced
methods, moving away from the traditional method of formwork design based on 2D CAD data.

Meanwhile, formwork manufacturing companies have been developing various programs to
support formwork design. For instance, typical programs include Tekla Structures, PERI CAD, ELPOS,
Tipos, and DokaCad [14]. However, using these programs is inconvenient given that formwork
designers need to directly set contact points. Furthermore, the formwork layout plan may be
used in different ways depending on the designers, thus resulting in many errors around obstacles.
Accordingly, formwork manufacturing companies have been conducting studies on the development
of three-dimensional (3D)-based formwork automation design software, but this is still at the research
stage. An accurate design is essential for formwork. Given that it takes a significant amount of time to
calculate the quantity of materials and to prepare drawings, the development of formwork automation
design software is essential.

We developed formwork automation design software based on the conversion of the randomly
arranged vertices among the BIM data of the target structures to a specific form based on certain rules,
followed by the setting of specific rules for the face. In this study, by applying the developed formwork
automation design software to three target structures, we reviewed the applicability of the formwork
automation design software for the aluminum formwork.

2. Formwork Automation Design Software

The formwork automation design software was developed in the Unity3D environment that is
extensively used for industrial applications. In addition, we developed software in the Blender3D
development environment for the preprocessing of the mesh of BIM 3D rendering data, and we used a
Python script to automate the formwork layout.

To develop the software, we used an aluminum formwork as the formwork type. After the
selection of the target structures, we converted the 2D CAD data into 3D BIM data. For the automated
formwork layout, we converted the randomly arranged vertices among the BIM data of the target
structures to a form based on specific rules, and converted the mesh all at once using an algorithm that
fills the 3D model with a regular square mesh. Based on this, we constructed a vertex set 3D model
with certain rules. In addition, we set specific rules for the face and built an algorithm by prioritizing
them. Figure 1 shows an operational image of the developed software. The results of running the
software confirmed that it was possible to automatically lay out the wall and deck members that were
components of the aluminum formwork. Statistics were calculated after an automated formwork
layout was completed. We were able to identify the type and quantity of formwork. Moreover, we were
able to verify the position of the parts where the formwork was not laid out.
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3. Applicability of Formwork Automation Design Software

3.1. Overview of Target Structure

To investigate the applicability of the formwork automation design software, we compared the
results of the manual formwork layout with the results of the automated formwork layout with the
software by selecting target structures. We classified the target structures as A, B, or C types, based on
the selection of one household from different types of apartments.

As shown in Figure 2, the 2D CAD data of the target structures of the A, B, and C types were
converted into 3D BIM data so that they could be run in the developed formwork automation
design software.
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3.2. Aluminum Formwork Library

The aluminum formwork is composed of the wall and deck members, connection members,
supporting members, and accessories, as shown in Figure 3 [18]. Aluminum formwork is mainly
used in apartment houses with the same plane and has the advantage of being reused multiple times.
For the reuse of formwork, installation and disassembly should be straightforward, and it should be
structurally safe. Aluminum formwork with these features is composed of various members, and it is
crucial to design it without missing any member.
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Figure 3. Aluminum formwork components.

As shown in Figure 4a, the aluminum formwork is designed and manufactured using 2D CAD
data. However, to automatically lay out the aluminum formwork, it is necessary to convert it into
a form applicable to the software. Therefore, we built a library by converting the 2D CAD data of
the aluminum formwork to 3D BIM data, as shown in Figure 4b, and applied this to the formwork
automation design software.
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3.3. Formwork Layout Results

Table 1 lists the formwork layout results for the target structures with types A, B, and C, and Table 2
shows formwork layout images. If the formwork is manually laid out based on 2D CAD data, all
components required for the formwork layout are included in the design. However, given that this
software was developed to assist designers to automatically lay out formwork only for the wall and
deck members, we performed an analysis by focusing only on these elements.

Table 1. Formwork layout results.

Target Structures
Formwork Layout Method

Manual (Based on 2D CAD Data) Software (Based on 3D BIM Data)

A-type

Wall

600 × 2600: 43 used
500 × 2600: 33 used
400 × 2600: 44 used
300 × 2600: 27 used

600 × 340: 14 used
450 × 340: 14 used
etc.

600 × 2600: 137 used
300 × 2600: 13 used
200 × 1350: 150 used
600 × 340: 80 used

450 × 340: 20 used
200 × 480: 102 used
etc.

Deck

600 × 1200: 59 used
450 × 1200: 9 used
270 × 1200: 5 used
600 × 1060: 3 used

600 × 900: 6 used
450 × 800: 1 used
etc.

600 × 1200: 128 used
450 × 1200: 14 used
400 × 1200: 5 used
270 × 1200: 6 used

600 × 730: 3 used
400 × 500: 10 used
etc.

Error None 322 missed

B-type

Wall

600 × 2600: 66 used
450 × 2600: 24 used
400 × 2600: 34 used
300 × 2600: 16 used

600 × 1350: 22 used
300 × 1350: 44 used
etc.

600 × 2600: 144 used
450 × 2600: 14 used
200 × 1350: 122 used
300 × 1140: 26 used

300 × 630: 162 used
600 × 340: 24 used
etc.

Deck

600 × 1200: 88 used
450 × 1200: 10 used
420 × 1200: 4 used
350 × 1200: 5 used

330 × 1200: 4 used
600 × 620: 12 used
etc.

600 × 1200: 215 used
270 × 1200: 6 used
220 × 1200: 4 used
600 × 950: 11 used

600 × 890: 5 used
400 × 600: 3 used
etc.

Error None 292 missed

C-type

Wall

600 × 2600: 46 used
450 × 2600: 20 used
420 × 2600: 4 used
300 × 2600: 34 used

600 × 1350: 24 used
300 × 1350: 48 used
etc.

600 × 2600: 195 used
200 × 1350: 24 used
300 × 1140: 48 used
300 × 630: 40 used

600 × 340: 110 used
200 × 480: 120 used
etc.

Deck

600 × 1265: 8 used
600 × 1200: 77 used
560 × 1200: 11 used
500 × 1200: 2 used

450 × 1200: 5 used
600 × 1090: 7 used
etc.

600 × 1200: 252 used
220 × 1200: 3 used
600 × 900: 17 used
280 × 900: 1 used

520 × 630: 26 used
400 × 500: 6 used
etc.

Error None 321 missed

The results of the automated formwork layout on the target structure types A, B, and C confirmed
that the formwork was laid out according to the formwork size and direction by the set algorithm.
For the target structure with type A, we confirmed that the largest formwork in the library was
extensively used. The target structures with types B and C exhibited similar tendencies. This result
was derived in the automated formwork layout because the algorithm was configured to first lay out
the largest formwork.

The manual formwork layout method uses various sizes and types of formwork, and approximately
100 different wall and deck members were found to be actually used for one target structure. However,
the automated formwork layout method uses a software method that allows the user to construct
the layout based on a prioritized algorithm. It can be observed that the types of formwork used in
the formwork layout of the target structures can be reduced by the algorithm that first lays out the
large formwork.
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Table 2. Formwork layout images.

Target Structures

Formwork Layout Method

Manual
(Based on 2D CAD Data)

Software
(Based on 3D BIM Data)

A-type
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Conversely, the results of the automated formwork layout obtained with the use of the software
showed that formwork was not laid out in the cases of the parts of 322, 292, and 321 for the target
structures with types A, B, and C, respectively. As previously described, the aluminum formwork was
composed of various members, and various components were designed in units.

However, because the current software was developed in advance to review its applicability for
the automated formwork layout of the wall and deck members only, the components of the connection
members, supporting members, and accessories were not taken into account for the automated
formwork layout. Accordingly, errors have arisen, and there is a need to ameliorate or eliminate these.

If the software is developed at the practical operating level, the labor time required for formwork
design and the cost required for temporary work can be reduced. Furthermore, the objectivity of
formwork that was designed based on the subjective judgment of formwork designers can be increased
by using the software, and errors caused by formwork designer mistakes can also be avoided. It is
difficult to address situations where the available formwork is limited, or a specific formwork cannot be
used, using the manual formwork layout method. However, the automated formwork layout method
with this software has the advantage of addressing unexpected situations based on algorithm changes
to apply a limited quantity of formwork or to exclude unusable formwork from library. In addition,
if the formwork layout is completed by changing the software algorithm, the optimal formwork design
results can be derived easily and quickly by the manual formwork layout method.

By running the software, we can confirm in real time that formwork is laid out on the target
structures. This can reduce the time required to interpret the results of the manual formwork layout
based on 2D CAD data. Moreover, as shown in Figure 5, we can easily check and analyze information
on these parts because we can monitor in real-time the parts where the formwork is not laid out.
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3.4. Limitations and Improvement Direction of the Developed Software

The algorithm applied to the software recognizes the face of the target structures, including walls
and decks, and then automatically lays out the formwork according to each attribute. The currently
developed software can deploy an aluminum formwork library. However, depending on the form of
the face, it is required to add an algorithm so that the software runs stably, and performs tasks such
as the separation of the inner and outer edges of target structures, or completing the layout of the
components of unitized formwork. It is considered that this can achieve structurally stable, automated
formwork layouts based on the analysis of target structures with more complex forms.

The currently developed software is composed of an algorithm that lays out formwork by taking
into account the vertical direction first. After this, it lays out a formwork by taking into account the
transverse direction for the parts where formwork was not laid out. Because this method is simple,
it is considered to be useful in construction sites if a library containing information—such as the unit
price of formwork and the inventory status—is built, followed by the development of an algorithm to
achieve this.

For the structural analysis of target structures, there is a need to comprehensively analyze points,
lines, and faces. However, it is impossible to analyze general 3D BIM data because of the randomly
arranged vertices. The software developed in this study converted the vertices into regular and
essential forms based on the preprocessing of the mesh. In this way, it is expected that the 3D BIM
data of various target structures can be applied directly to the software if the processing of the mesh,
which is the prework required for automated formwork layout, is automated.

As described above, the developed software automatically lays out only the wall and deck
members. However, to use the software in actual construction sites, it is necessary to automatically
lay out the wall and deck members, the connection members, supporting members, and accessories.
To automatically lay out these members, the structural analysis of the implemented target structures
should be executed by the software, but also information on the layout form and connection parts
between members should be identified.

For example, supporting members should be laid out by connecting the end beam, prop head,
and middle beam. In addition, given that the end/middle beam and prop head must be connected by a
joint bar, this information must be recognized by the software. Therefore, it is necessary to analyze the
relationships among all members along with the informatization of the formwork library.

In these cases, there is a need for the development of advanced software through the diversification
of the algorithm, automation of preprocessing of the mesh, analysis of the connection relationship of
all members making up the formwork, and implementation of an automated formwork layout.
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4. Conclusions

In this study, we confirmed the results of the automated formwork layout and reviewed the
direction of improvement based on the application of the formwork automation design software
developed for labor-reduction of temporary work to three target structures. As a result, we derived the
following conclusions:

(1) To apply the formwork automation design software, we confirmed that it was possible to
construct an aluminum formwork library by converting 2D CAD to 3D BIM data for all the components
of the aluminum formwork.

(2) The results of the automated formwork layout with the use of the formwork automation design
software confirmed that the wall and deck members were laid out according to the formwork size
and direction defined by the set algorithm. By using the software, it can be observed that the types of
formwork used in the formwork layout of the target structures can be reduced by the algorithm that
first laid out large formworks.

(3) The automated formwork layout method can manage unexpected situations based on changes
in the algorithm. Correspondingly, it is expected that the optimal formwork design outcome can
be derived easily and quickly compared with the manual formwork layout method. Furthermore,
given that we can monitor in real time the parts where the formwork is not laid out, we can easily
check and analyze information related to these parts.

(4) The currently developed software is automatically deployed to only some of these members.
Therefore, it is considered that additional research on the development of advanced software should
be conducted based on the diversification of the algorithm, automation of preprocessing of the mesh,
and analysis of the relationships of all the members comprising the formwork.
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