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Conventional Construction vs Hybrid Construction vs Additive Construction

Construction industry over the last decades 

Comparison of construction techniques between 1950s (left) and 21st century (right).
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Conventional Construction

(forming, reinforcement placement & casting)

Additive Construction

with Topology Optimization

Hybrid Construction

(printing formwork, reinforcement 

placement & casting)

Conventional Construction vs Hybrid Construction vs Additive Construction
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Outline of the Presentation 
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Materials and QC
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Materials and QC

Mixes for Additive Construction

- Printability

- Fresh and Hardened Properties

- Shrinkage 
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Chronology 

October 2022 Feb 2023

Oct. 2023
March 2024
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Materials and QC

Mix Ingredients for cementitious based-materials 
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Materials and QC

Mix Ingredients for cementitious based-materials 
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Material Development and QC

Hardened Properties 

Compressive Strength

(ASTM C109)
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Materials and QC

Hardened Properties 

Interlayer Bond
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Materials and QC

Printability Requirements 

Successful Extrusion and Buildability Failure   
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Equipment
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Equipment 
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Design
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Design Process
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Design Process
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Design Process

Compression Only Structures 
(a)

(b)

(c)

(d)

(e)
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Computer-Aided Design
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Design Process and CAD

Computer-Aided Design (CAD)

Optimized Flexural Design

Optimized Compression-Only Design (Arch Structure)
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Design Process

Typical Printing Parameters

Nozzle Diameter Layer Height Printing Speed

5 mm 3 mm 60 mm/sec
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Concrete 3D Printing
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Concrete 3D-Printing

Printability Properties 

Successful Extrusion and Buildability  (Cementitious Materials)
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Concrete 3D-Printing

Successful Extrusion and Buildability (Cementitious Materials)  
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Concrete 3D-Printing

Low Embodied Carbon Mixes (Geopolymer Concrete)

In-house printable Geopolymer Concrete developed at ARC lab, Rowan University.
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Topology Optimization
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Why Topology Optimization?

Topology Optimization of a Bell Crank (ANSYS Innovation Courses)

Topology optimization (TO) is a shape optimization method that uses algorithmic models to 

optimize material layout within a user-defined space for a given set of loads, conditions, 

and constraints. TO maximizes the performance and efficiency of the design by removing 

redundant material from areas that do not need to carry significant loads to reduce weight or 

solve design challenges like reducing resonance or thermal stress.

What is TO?



Topology Optimization Based Additive Construction 30

Why Topology Optimization?

Benefits of TO in Additive Construction for Concrete

Overcoming labor shortage and development of skilled labor.

Construction time and cost saving.

Reduction of material wastage.

Reduction of carbon footprint of construction industry.

Broadens design creativity & problem-solving ability.

Lighter Structures (structural benefits)
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Why Topology Optimization?

Barriers for TO in Additive Construction for Concrete

TO is often computationally expensive until achieving the correct model

Expensive Additive Construction Equipment (Print Area)

Reinforcement 

Does not Comply with codes and standards 
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Why Topology Optimization?

Is TO suitable for Concrete Structures ?

Principle Stresses in Concrete Beam

Concrete Crack in Tension and Compressive 

Strength Block
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Why Topology Optimization?

Top flange to carry 

compression 

component of flexural 

stresses  

Bottom flange to host 

reinforcement to carry 

tension component of 

flexural stresses 

Web to carry shear 
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Why Topology Optimization?

Barriers for TO in Additive Construction for Concrete

Does not Comply with codes and standards

TO is often computationally expensive until 

achieving the correct model
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Why Topology Optimization?

Alcántara Bridge Meganebashi Arch Bridge Natchez Trace Parkway Bridge

Compression Only Structures (Arch-Types) to overcome reinforcement issues  
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Why Topology Optimization?

3 ft.

1 ft.
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Why Topology Optimization?
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Why Topology Optimization?
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Why Topology Optimization?
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Why Topology Optimization?

Shrinkage Cracks
Fused Layer and 

Joints  
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What is Next 
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Conclusions 

• Slight variation in the printing path of the layer to be circular to form an arch resulted in a much higher 

capacity if compared to a straight-line printing path for the same amount of material. Therefore, the small 

arch-like exhibited ten times load carrying capacity compared to an equivalent beam with the same size and 

volume calculated based on the modulus of rupture. 

• The developed in-house printable concrete mixture using locally sourced raw materials was successful 

based on the fresh, hardened, and printability requirement for additive construction. The developed mixture 

was utilized to print complex structures such as cylinders and sloped and concave surfaces through 6-

millimeter and 8-millimeter nozzles. 

• The selected compression-only structures scaled from historic and famous bridges provided challenges in 

the additive construction of C-only structures; however, all the structures were successfully printed with 

slender elements forming main arches, curved or straight slabs, and vertical column segments. 

• One bridge showed a sign of cracking at the conjunction between the arch and the slab due to stiffening. 
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Thank you
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