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Additive Manufacturing (AM)/3D printing had made a significant impact on the manufacturing industry. 
It has significant applications in the aerospace, motor vehicles, consumer products, and medical 
industries. However, the construction industry accounts for only 3% of all of AM’s applications.  

The global output of the construction industry is $8.5 trillion annually. In industrialized countries, the 
construction industry employs 6%-10% of the workforce. In the US, it accounted for 4.3% of the 
national employment in 2016. However, safety and productivity represent significant challenges for 
this industry. Since the production of ordinary portland cement is responsible for 6% of total CO2 
emissions in the world, environmental sustainability represents another major challenge.  

AM for construction has three advantages. First, it can improve human safety since the automated 
processes can perform dangerous jobs that were previously completed by humans. Furthermore, it 
would significantly increase productivity since AM machines can operate 24 hours a day and 7 days a 
week. Lastly, in construction with concrete, labor and formwork account for 50% of the total cost. AM 
processes present a significant cost advantage by printing stay-in-place formworks. 

AM for construction has gained global attention. Germany, Singapore, and Switzerland have setup 
research centers focused on researching AM processes for construction applications. Researchers at 
TU Eindhoven unveiled the world’s first 3D printed reinforced, pre-stressed concrete bridge in the 
Netherlands (Figure 1(a)) [1]. The bridge was 8 m long and 3.5 m wide. The bridge was tested by 
putting a 5 ton load on it. In the US, AM for construction has started to gather attention. Restoration 
and improvement of urban infrastructure was identified as a grand challenge for engineering in the 
21st century by the National Academy of Engineering. The Academy recognized the importance of 
developing entirely new construction methods to ensure dramatic progress in building better 
infrastructure. Several global companies such as Winsun, Contour Crafting Corporation, Apis Cor, 
Branch Technology, and Icon Build have emerged in this area. Unlocking the Future of Infrastructure 
was one of the winners for the NSF 2026 Idea Machine Competition. It called for research at the 
intersection of automated construction, artificial intelligence, and next-generation materials for 
constructing terrestrial and extra-terrestrial infrastructure. In 2017, NSF supported a workshop on AM 
for Civil Infrastructure Design and Construction to review the present state of and examine future 
prospects of AM processes in construction.  
 
The cementitious material extrusion process is the most commonly used process in AM for 
construction. In this process, the material is selectively dispensed through a nozzle. The nozzle may 
be mounted on a gantry or a robotic arm system. In addition, polymer materials have also been used 
to print large structures (14.6 m diameter hemispherical dome with a height of 4 m was printed using 
the Digital Construction Platform developed at MIT, Figure 1(b)) [2]. In 2016, Boeing, in collaboration 
with ORNL, won the Guinness World Record for the largest solid 3D printed item using the Big Area 
Additive Manufacturing (BAAM) process. BAAM uses pellets (instead of filaments) for the polymer 
extrusion process. C-FABTM is a large-scale process developed by Branch Technology to print cell-
like matrix geometry using fused deposition. The printed matrix can be filled with conventional 
materials to achieve the required structure (Figure 1(c)) [3]. Researchers have also developed a binder 
jetting process (D-Shape) to print 2 m tall sandstone structures (Figure 1(d)) [4]. In the binder jetting 
process, a liquid bonding agent is selectively deposited to join powder materials together. The 
Selective Separation Sintering process uses two different types of powders with different sintering 
temperatures. This process has been tested using lunar regolith simulant for lunar applications. An 



 
 

 
emerging company, MX3D uses a robotic wire-arc additive manufacturing (WAAM) process to print 
large metallic structures. Figure 2 shows AM processes for construction.   
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Figure 1: 3D printed structures: (a) Concrete bridge; (b) Open dome-like polymer structure [2]; 
(c) Matrix wall structure filled with conventional material [3]; (d) 2m tall structure [4] 

 
 



 
 

 

 

Figure 2: AM/3D Printing Processes for Construction 
 
There are several opportunities in this emerging area. They range from inventing new materials, 
improving process knowledge, developing new designs and system-level requirements. Figure 3 lists 
these challenges. 
 

 

Figure 3: Research Opportunities-AM/3D Printing Processes for Construction 

At Texas A&M University, Prof. Zhijian Pei is leading research in the area of material extrusion of 
cementitious and bioinspired sustainable materials for applications in the construction industry. His 
research focusses on new material development and process improvement. 
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