Analysis of Interlocking 3D-Printed Concrete Walls

University of

New Hampshire

Jack Anderson and Brayden O’Sullivan

Department of Mechanical Engineering, University of New Hampshire

Introduction

Concrete 3D printing 1s an emerging construction technology
that uses automated robotic systems to layer cement-based
materials into fully formed structures without the need for
traditional molds or formwork. By combining digital design
with precise material extrusion, this method enables faster
construction, reduced labor demands, and the ability to create
complex geometries that would be difficult or costly using
conventional techniques. As the technology continues to
develop, 1t 1s gaining attention for its potential to improve
efficiency, sustainability, and innovation in the construction
industry.

The process begins with designing and simulating a toolpath in
a virtual environment. After exporting the file to the robot, a dry
run 1s conducted before full printing.

A typical print requires a small, coordinated team:

* Robot operator (controls printing and reinforcement
placement)

* Pump/material handler (loads concrete, assists with logistics)

* Pump monitor (controls water flow and mix quality in real
time)

* Quality control/documentation lead (oversees decisions and
records performance)

Printing involves continuous monitoring of material behavior,
environmental conditions, and equipment performance to
ensure consistent extrusion and structural quality.
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For more information contact:

Brayden O’Sullivan — bmo1030(@usnh.edu
Jack Anderson — jjal074(@usnh.edu
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Results

A 3D-printed house project consisted of 21 components,
printed 1in approximately 9 days (excluding curing and
transport).

Assembly of components on-site took about 2 weeks, with
total construction around 6 months including traditional
building elements.

Material waste was low, estimated at 2—3%.

Printed components achieved high compressive strength and
durability, with expected lifespans of decades to centuries.
The process demonstrated strong performance 1n cold
weather conditions and adaptability during transport and
installation.
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Discussion

Advantages:

* Labor efficiency: Smaller, more flexible teams compared to
traditional construction

* Time savings: Rapid production of complex geometries
without molds or forms

* Design freedom: Ability to integrate architectural features
directly into prints

* Durability: High strength, resistance to weather, fire, insects,
and seismic activity

Limitations & Challenges:

* Material cost: Currently higher than traditional concrete due
to specialized mix

* Environmental sensitivity: Temperature and water
conditions significantly affect performance

* Printing errors: Issues such as over/under-extrusion,
hydration imbalance, or air in the system can occur

* Logistics: Site accessibility and transportation of printed
components can be limiting

Operational Considerations:

* Optimal printing temperatures: ~50—80°F

* Requires careful calibration of pump speed, water flow, and
robot motion

* Experience and iteration are critical to minimizing errors
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