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A B S T R A C T

Robotic construction through concrete 3D printing is an in-progress revolution in construction industry. While
significant progress is made on hardware related challenges, software and information related issues of such
innovative system are less discussed. In this paper, a software platform is proposed for data retrieval and analysis
from BIM models and utilizing it efficiently during various stages of the process. While the general idea of using
BIM for automated construction has been mentioned before, the implementation details (the focus of this paper)
were not previously discussed. To this aim, a framework is proposed to integrate BIM into an automated con-
struction system. A Planning and Operations Control Software for Automated Construction (POCSAC) is de-
veloped as a major enabler for a seamless integration of BIM and Contour Crafting. The interoperation between
different components of the construction system and BIM platform are designed to maximize the realized
benefits through synergy of the two technologies.

1. Introduction

Automated construction through concrete 3D printing is deemed as
a revolution in construction industry. This novel idea of scaling up
additive manufacturing techniques for automated building construction
has been topic of academic and industrial research for several years.
Many advantages are offered by automated building construction such
as superior construction speed and higher degree of customization.
There are considerable efforts on use of robots for various construction
purposes such as pre-fabrication [1, 2] or non load-bearing structures
[3]. However, the focus of this paper is on automated in-situ building
construction using additive manufacturing techniques.

Contour Crafting (CC) is the first additive fabrication technology
developed for in-situ construction of custom-designed structures [4]. It
can radically reduce the construction cost by reducing the workforce
required for the construction process. Various advantages such as better
surface quality, higher fabrication speed and broader choice of mate-
rials are offered by the CC technology compared to other layered fab-
rication systems [5, 6]. CC is also considered as one of the most pro-
mising approaches for construction of human settlements on other
planets such as the Moon and Mars [7, 8, 9] (Fig. 1).

A review of past and ongoing projects reveals that so far most of the
efforts in this area are focused on robot development and hardware

improvement [11], as well as material performance [12]. However,
new software platforms are also highly essential for realizing a fully
automated and reliable building construction system.

Many conventional construction projects are currently designed and
carried out using Building Information Modeling (BIM) software plat-
forms. There are a lot of advancements in BIM technology and nu-
merous research studies have evaluated the benefits of using BIM
throughout project life cycle from design to operation [13, 14]. Recent
endeavors in this area have demonstrated benefits of adopting BIM
technology. Some examples include automated compliance checking
with various building codes based on the specific project location [15],
automated cost estimation [16], scheduling [17], clash detection be-
tween different disciplines [18], and energy analysis and simulations
[19]. Sensing automation technology which is capable of being in-
tegrated with BIM systems is also utilized in buildings to improve en-
ergy efficiency and increase occupants' satisfaction [20, 21, 22]. Also,
several recent studies focused on construction automation systems
using BIM. Some of these studies investigated development of new al-
gorithms for converting as-built structures automatically into BIM
models more efficiently. As an instance, Laefer et al. [23] proposed a
new method to detect automatic structural steel components from laser
scan point cloud automatically. Another study focused on automated
monitoring system for construction projects using BIM data [24]. In this
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paper Golparvar et al. explored current systems developed for using big
visual data along with BIM information for automated monitoring and
analyzing conventional construction performance. In another recent
study, BIM data was utilized for robotic prefabrication process. Li et al.
[25] proposed a method for providing detailed information related to
automated manufacturing and prefabrication of wood panels to im-
prove the accuracy and efficiency of this process. Using Internet-of-
Things (IoT) for automating construction monitoring system is also
explored in several recent studies such as the work done by Teizer et al.
[26] in which real-time performance data related to environmental and
localization data are integrated into a cloud-based BIM platform.

It should be mentioned that the general idea of using BIM and its
potential advantages for automated construction has been mentioned
before [27, 28, 29]. However, the involvement of BIM in various stages
of automated construction, and the implementation details were not
extensively discussed. There are major challenges in this field to over-
come, including lack of data interoperability between BIM platforms
and automated construction systems. Also, BIM platform needs to be
customized and extended to fully exploit new opportunities offered by
an automated construction system. In this paper, a framework is pro-
posed to integrate BIM technology into automated construction through
concrete 3D printing. The proposed framework presents details of in-
teroperation between different components of an automated construc-
tion system and BIM platform such that maximum benefit is realized
through synergy of the two technologies.

2. Automated construction: Essential system components

A well-developed automated construction system is a complex ar-
rangement of various coordinated sub-systems. In this section, only
essential components of such system are described and required fea-
tures are briefly discussed from authors' point of view. These major
components and units, as well as interoperation details will be further
elaborated within the proposed BIM-integrated framework presented in
Section 3.

Construction robots are commonly equipped with a nozzle which is

capable of extruding cementitious materials as layers of specific di-
mensions [4]. A material preparation and delivery system is also re-
quired to continuously feed concrete to the nozzle, while a software
controls both the robot and the material preparation unit. A software
system is proposed herein for the construction operations control pur-
poses. The software is named Planning and Operations Control Software
for Automated Construction (POCSAC).

Similar to other additive manufacturing techniques, concrete 3D
printing begins with 3D modeling of the structure to be built [30, 1].
Based on architectural design and structural analysis, the intended
structure is designed using a CAD software. The 3D model is then sent
to POCSAC software for further processing and finally being 3D printed.

POCSAC software receives and processes an architectural/en-
gineering digital CAD model and extracts required data and sends them
to different units. In brief, the 3D model of the structure is sliced into
2D layers of desired thickness [31]. Next, toolpath optimization is
carried out by POCSAC for layers of the sliced model. Then, numerical
control commands (G-code file) and data regarding mixture proportions
are generated and sent to the robot and the material preparation unit,
respectively. Another important function of POCSAC is detailed doc-
umentation of the construction process. Various environmental and
process data (location, ambient temperature and humidity, concrete
temperature, timing of deposition of various layers, etc.) which are
acquired by the sensory system of robot are sent to POCSAC during the
construction process. After the construction process is complete, these
data are used by POCSAC to generate reports for future reference. For
instance, any unexpected delay between depositions of successive
layers, which could lead to formation of structurally-undesirable cold
joints, could be detected even years after construction by studying
POCSAC reports. These documents could be reliable references for fu-
ture studies and forensic investigations in case of building failure.

A reliable automated material preparation unit is an inevitable
component of a well-developed automated building construction
system. If needed, such material preparation unit would be able to
produce materials with different properties during a project. Fig. 2
presents a schematic illustration of automated material preparation unit

Fig. 1. (a) Contour Crafting machine (b) 3D printed
concrete element (c) Contour Crafting using sulfur
concrete for planetary applications [10, 11].
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