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Figure 1. (a) A concrete footbridge 3D printed by Vertico, 
Netherlands, and (b) The U.S. Marines 3D-printed concrete 
bridge. 

Project Title: Integrating Additive Manufacturing with Accelerated Bridge Construction Techniques 

 

Problem Statement: 

Modular forms of bridge construction have been of continued interest. Today, the needs of accelerated 
bridge construction (ABC) are resulting in improved modularity. There are several innovative planning, 
materials, and construction techniques that are being incorporated into ABC projects; of interest here 
are are prefabricated bridge elements and systems (PBES). PBES are structural components that are 
built offsite, or adjacent to the alignment. The components are then transported and fitted together at 
the bridge site. Prefabrication enables reduced construction time and improved component quality [1].  
 
There is a need for new technologies that can increase the construction quality of PBES, substantially 
reduce their construction time and labor cost, enhance their safety and reliability, minimize the 
environmental footprint of the PBES fabrication plants, produce structural elements with optimized 
topologies and enable in-situ repair of existing ABC elements via customizable design. Additive 
manufacturing techniques (3D printing) can be regarded as a viable solution to address these issues. In 
the last decade, additive manufacturing has 
been the driver of disruptive innovation in 
several industries. The technology has been 
demonstrated across scales using a variety 
of materials – from construction of a house 
in a day to creating medical implants. Bridge 
construction and repair seem a logical field 
to exploit the benefits of additive 
manufacturing.  
 
Recent studies in Europe revealed that a concrete bridge can be 3D printed using 60% less concrete 
(Figure 1a). The only attempt to 3D print an entire bridge in North America was made by the U.S. 
Marines in 2019 (Figure 1b). However, one of the challenges ahead of bridge 3D printing is that large 
scale 3D printers with cranes and automated arms are required in order to 3D print a large-scale bridge 
structure. Considering the available additive manufacturing technologies, it seems more reasonable to 
focus on 3D printing of prefabricated elements rather than printing complete bridges in just one part. In 
particular, using additive manufacturing techniques to fabricate PBES can be the next innovation in ABC 
practice. 3D printing of PBES requires significantly less material than conventional fabrication because it 
deposits material only in places where it is needed.  
 
While there have been increasing efforts to deploy 3D printing in construction and building domains 
during the last ten years, the entire concept of concrete bridge 3D printing is still in its infancy. So far, 
the only promising attempt in this area has resulted in 3D-printing a wall with continuous additive layers 
of ultra-high-performance concrete at Florida International University. Complexity of the ABC projects 
and PBES construction with high degree of customization implies the need for more extensive research 
to identify suitable additive manufacturing techniques and materials, and to study 3D-printed PBES 
perform compared to conventional precast components.  
 
Project Objectives:  

The primary purpose of this study is to explore the feasibility of integrating additive manufacturing with 
ABC techniques in Pennsylvania. In particular, this study would focus on identifying, fabricating and 



 

 

mechanical testing of a range of 3D printable prefabricated bridge elements currently used in ABC 
projects.  
 
Project Scope:  

We will first conduct a comprehensive literature search to identify the application of 3D concrete 
printing (3DCP) in construction and building domains. This phase will involve identifying different 
additive manufacturing techniques and materials for construction. A number of groups are currently 
engaged in 3DCP research world-wide [2-4]. We will investigate how the current 3DCP practice in 
construction and building areas can be adapted for prefabricated bridge elements in ABC projects. We 
will then 3D print a range of small-scale prefabricated bridge elements commonly in use in ABC practice. 
Further testing will be performed on the 3D printed PBES to benchmark their mechanical properties 
against conventionally cast components. Finally, we will prepare a set of recommendations for the 
implementation of additive manufacturing in ABC.  
 
Proposed Work:  

The objectives of this project will be realized through the completion of the following tasks: 

 

Task A – Review of the stat-of-the-art of 3D concrete printing research 
This task will focus on conducting an extensive literature review to identify recent advances in 3DCP 
techniques, equipment, cement-based materials and mix designs, and computer modeling. The goal is to 
determine the 3DCP practices that are most suitable for the additive manufacturing of PBES in ABC 
projects.    
 

Task B – Developing optimal 3DCP mixture designs for bridge prefabricated elements 
The primary objective of this task is to develop suitable concrete mixtures for 3D printing of PBES in ABC 
projects and evaluate their material characteristics through experimental studies. Based on a 
comprehensive review in Task A, we will collect a list of recommended 3DCP mixture designs. These 
mixtures usually contain various levels of admixtures (e.g. silica fume, superplasticizer, fibers, etc) for 
improving their yield stress and obtaining a desired viscosity.  We will characterize these 3DCP mixture 
designs for printability and buildability based on their rheological and mechanical properties to 
determine a range of mixtures that would meet the practical material design criteria for prefabricated 
elements in ABC.   

 
We will then perform compression tests on cylindrical samples made of the identified 3DCP mixtures 
according to ASTM C39/39M. Standard cylindrical samples will also be constructed to perform a 
comparative study. Finally, the 3DCP mixtures with the desired printability and buildability (yield stress 
and viscosity) will be used to 3D print small-scale structures (4×4×14-inch concrete beams, concrete 
masonry units with various shapes). The goal will be to further investigate the desired viscosity to print 
for a long time (extrudability) and ability to stack up layers without crushing the layers beneath 
(buildability). In these experiments, we will also study the effect of the nozzle geometry (circular and 
square) on filament geometry and changes in mechanical properties of the printed samples.  

 
Task C – 3D printing of prefabricated elements in ABC systems at small-scale 
The main goal of this task will be to 3D print a range of small-scale prefabricated bridge elements 
currently used in ABC. Some of the prefabricated components commonly in use in ABC are schematically 
shown in Figure 2. Various precast components can be used for superstructures such as deck panels, 
prestressed I-beams, diaphragm forms, pier cap forms, traffic barriers, precast parapets, cylinder piles, 



 

 

   
Figure 2. Typical prefabricated components commonly in 
use [1] 

   
Figure 3. Pitt CEE Department 3D concrete 
printer 

and approach slabs. We will hold meetings with the PennDOT SME team to identify the most 
appropriate prefabricated components for 3D printing. Depending on the ABC system, parapets, bridge 
decks, column caps, and pile caps seem to be suitable candidates for this task. It should be noted that 
Pitt CEE Department is currently in the process of acquiring a 3D concrete printer that will also be used 
for fabricating the prefabricated elements during this study (Figure 3).  
 
The selected 3D printed components will be 
structurally tested at Pitt’s Watkins-Haggart 
Structural Engineering Laboratory (WHSEL) and 
their performance will be compared with the 
performance of conventionally cast prefabricated 
components. The printing envelope of the 3D 
concrete printer will be 72" (1.829 m) in X and Y 
direction and 45" (1.143 m) in Z direction. 
Therefore, under this task, we will be capable of 
constructing components at a small-scale. 
Despite this limitation, the 3DCP mix design, flow 
properties and other relevant mechanical 
properties can be studied in the same manner for 
large-scale scale 3D printed of prefabricated 
elements.  
 

Task D: Development of Recommendations  
The final outcome of this task would be a series 
of recommendations regarding the application of 
additive manufacturing and technical challenges 
and solutions surrounding in ABC. The cost benefit of the additive manufacturing technology in ABC 
projects will be discussed throughout the final report. We will classify the findings based on the 
equipment, material and design requirements and will identify a direction for future research leading to 
new design codes and standardized approaches.  
 

Task E:  Final Report 
A draft final report will be prepared and distributed to 
IRISE Steering Committee representatives 21-months 
after project initiation. The report will include a state-of-
the-art review of 3D concrete printing research including 
key areas of material research and fabrication 
techniques, as well as a series of recommendations for 
implementation of additive manufacturing in ABC 
projects, as described in Task D. Final recommendations 
will be further drafted as suggested revisions to 
PennDOT publications and or provisions (such as 
Publication 238 Bridge Inspection Manual and/or Pub 
15M Design Manual Part 4). A progress review meeting 
with IRISE Steering Committee representatives, including 
the PennDOT SME team, will be held 22-months after 
project initiation.  Review comments will be due 1-



 

 

month after the progress review meeting.  A final report that reflects consideration of reviewer 
comments will be prepared and distributed 24-months after initiation of the project.   

 

Deliverables:   

 Task A – A literature review summary to be discussed at a progress review meeting with IRISE 
Steering Committee representatives, including PennDOT representatives, 2-months after project 
initiation. 

 Task B - A technical memorandum summarizing the mixture design characterization and results 
of the compression testing to be discussed at a progress review meeting with IRISE Steering 
Committee representatives, including PennDOT representatives, 6-months after project 
initiation. 

 Task C – A technical memorandum summarizing the results of the comparison of the testing of 
the 3D printed components against conventionally cast components to be discussed at a 
progress review meeting with IRISE Steering Committee representatives, including PennDOT 
representatives, 18-months after project initiation. 

 Task D - The draft list of recommendations will be included in the draft final report and 
discussed with IRISE Steering Committee representatives, including the PennDOT SME team, as 
described in Task E. 

 Task E – Draft final and final reports, due 21 and 24 months after project initiation. 
 
In addition to the deliverables listed above, it is also anticipated that the findings of this research will be 
published and presented at key technical conferences (e.g. TRB, ASCE Structural Congress, among 
others) and journal publications.  
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Proposed Person-Hours by Task: 
 

Team Member Task A Task B Task C Task D Task E Total 

Key Project Team Members, Estimated Hours Per Task 

Dr. Amir Alavi, PI 216 225 225 144 909 216 

Other Project Team Members, Estimated Hours Per Task 

Graduate Student (TBD) 689 742 371 265 2279 689 

Total 905 967 596 409 3188 905 

 

Schedule:   

  

CY 
2021

  

CY 2022 CY 2023 

Months Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 

Task A: 3D concrete printing 
research literature review 
             

  

Task B: 3DCP mixture designs for 
ABC             

  

Task C: 3D printing of prefabricated 
elements             

  

Task D: Development of 
Recommendations       

  

Task E: Draft Final Report               

Task E:  Final Report               

 

Budget:  The total project cost is $148,122.18.  
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