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Introduction Approach Results
• This study focuses on the development of an ultra-high 

performance and blast resistant concrete that also 
possesses optimal characteristics for 3D printing such 
as extrudability, flowability, slump, surface tension, dry 
time, and cost.

• Throughout our research we found that although 
concrete 3D printing has become very popular in 
construction and housing applications, very little 
research in printing with aggregate, steel/polymer 
fibers, or chemical additives, nonetheless all three, has 
taken place.

• The design was based off an ultra-high strength 
performance concrete (UHPC) that was heavily 
modified to alter the printing characteristics including:
•Medium sized aggregate
• Physical additives such as steep and/or polymer fibers
• Chemical additives such as a superplasticizer or 

viscosity modifying admixture (VMA)

• The difficulty of this design was finding a blend that 
balanced overall compressive and tensile strength 
while also being printable.

Printable UHPC Design
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Results:
• The commercial design was based on a UHPC blend and compared fiber 

content relative to compression strength as a dispersed rebar 
replacement.

• Multiple batches were tested at a 3,7-, and 15-day dry time with 
samples of 20 through 80 lbs./yd of steel fibers.

• The increase in fiber content directly correlated to compressive 
strength until a certain point where we started to observe an inverse 
affect.

• The printable mortar design was 
used to characterize our 3D printer 
with a conventional 3D print mix 
design

• The mortar design allowed us to 
compare water content and fluidity 
with extrudability and print settings.

Printable Mortar Design (Traditional Mortar Mix)
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• The commercial design results show that fiber levels 
above 20lb/yd inversely affect compressive strength, 
however are still stronger than the control group with 
no steel fibers.

3D Printed Mortar Example

• The next phase of testing will consist of 3D printing the 
same standard cylinders using the printable UHPC 
design mix.

• This will allow us to compare a commercially poured 
UHPC mix design with the 3D printed UHPC design in 
terms of compression strength

• We will also be conducting shear tests with the 3D 
printed cylinders to observe layer adhesion strength
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• The printable UHPC Design was 
made taking into account the results 
from the commercial design for 
fiber content

• The final mix design includes 1" 
steel fibers, a medium-sized crushed 
aggregate, and several chemical 
additives

• The mix design has little to no 
slump, good layer printing 
adhesion, and has a long working 
life

Commercial Design (Baseline)


