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Note:  CNC Vol% is relative to initial dry cement powder NOT final material 
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 Better at early than late strengths

 ~15 years ago we found that CNC can increase cement strength

CNM in cement and concrete



 Heat release and therefore Degree of Hydration (DOH) is increased with CNC
 CNC induces a delay in onset of cure
 Flexural strength scales with hydration (as expected)
 Plasticization for CNC at low doses, viscosification for CNF and CNC at high doses

Increasing 
CNC concentration

Degree of Hydration (DOH) is increased which leads to 
higher flexural strength



What do we know?
 CNCs are too small to bridge microcracks
 No evidence of IC 
 CNCs stabilize particles
 CNCs increase DOH more than SP

Short Circuit Diffusion (SCD)
• Hydration layer around cement particle is dense so 

diffusion of water is very slow after this layer 
formed. 

• CNCs adhering to cement particles can transport 
water through the hydration products shell into the 
unhydrated core, and hence improve DOH.

• The only prerequisite is the attachment of CNCs on 
to cement and incorporation into hydration layer. 
No particle separation is needed!

How do CNCs help hydration?

Image from [Likos, Physics Reports, 2001]



0.00% 2.00% 4.00% 6.00% 8.00% 10.00% 12.00% 14.00%
Increased Heat of Hydration at 7 Days (%)

Type I Cement

Type V Cement

0.2% CNC Concentration

But, unfortunately, CNC AND cement chemistry matters

 A variety of CNCs from 
multiple sources and 
companies were utilized
o 7-day DOH increase 

was different for each
 Type I/II and Type V used

o Lower DOH for Type 
I/II seed for each

 Regional differences 
observed for mixes of 
same type 
o SCMs also play large 

role



Use Less 
Clinker

Use Less
Cement

Last 
Longer

4 to 8% of the world’s 
CO2 comes 

is associated with 
cement/concrete

3 ways to solve 
cement’s CO2

CO2 emissions are a pressing need for infrastructure



• Non-evaporable water is a surrogate for 
how much cement has reacted.  

• We can see that more cement is reacting 
when we have a moderate CNC dosage 
level

• This is why the cement is stronger.
• Could allow more water, etc.

CNC increases DOH – can we can use 
clinker more efficiently?

Yes, yes it does! 

However, nobody ever asks for 
increased DOH



Typically add fillers 
• SCMs – fly ash and 

slag
• Alternative SCM –

Natural Pozzolans 
(Raw and Calcined) 
generally silica 
and/or alumina

• Limestone (PLC)

What about using less clinker?



CNC can improve cement with limestone filler

Which can reduce GHG by 20% 
without loss in properties.



• Durability = resistance to deterioration 
processes

• Durability is determined by transport 
processes at pore level

• Permeability  which is from Diffusivity 
which is from Porosity

SULFATES

FREEZE-THAW

CORROSION

DURABILITY

Can CNC make cement last longer, so less concrete is needed?

• A property used to describe concrete 
durability by quantifying transport of porous 
materials

• A higher formation factor indicates slower 
ions movement, lower porosity and/or 
porosity tortuosity

Formation Factor (FF)
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• Measured by resistivity

𝜙𝜙 : system porosity
𝜙𝜙 : porosity connectivity (tortuosity)



Increase Increase

As with DOH and strength FF increases with CNC addition to 
Type V cement

CNC 1

CNC 1
CNC 2

CNC 2

CNC 3

CNC 3
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0.3 w/c 0.35 w/c



Slight increase No change

As before improvement reduced in Type I/II

CNC 1

CNC 1
CNC 2

CNC 2

CNC 3

CNC 3
CNC 4

CNC 4

0.35 w/c0.3 w/c

Improvement disappears as w/c increases



 A CNC-concrete parking lot was poured at the 
US Endowment in Greenville, South Carolina

 60 cubic yards of CNC concrete were poured at 
0.2% dosage (and 10 yards of standard 
concrete

 What we learned during the pour:
– The CNC concrete behaved as well as standard 

concrete during placement
– No apparent adverse effects when using heated water 

for batching CNC concrete
– No apparent adverse effects on CNC concrete 

placement due to the cold weather

CNC Park: Bigger, Longer & 
Unrut



Sidewalk Inside UC-Davis – but it was sensored



• CNC-cement enabled bridge was precast at Knife River (Oregon) 
and placed in Siskiyou Co, CA USA

• Driven over every (most?) days

Concrete: The Revenge - this time it’s structural!
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Additive Manufacturing of Cement, Mortar and Concrete.

Prof. Jan Olek, 
Prof. Pablo Zavattieri, 

Prof. Jeffrey Youngblood,
Prof. Christopher S Williams, 

Purdue Concrete 3D Printing






Could we combine the two?:  CNM and AM of cement?

• CNF can enhance the flexure strength by
30% at 7 days

Yes…Yes, we can!

• The results show that increasing CNF content
will reduce flow and workability. (like adding
VMA)

• Importantly, the material has a more
consistent flow by adding CNF.

CNF has promise as alternative VMA for 3DCP



Summary
 CNC has a role to play in cement CO2 reduction

o CNC can reduce the clinker needed in OPC, thereby reducing CO2
o CNC can improve properties in low CO2 binder like PLC and allow more clinker 

replacement to reduce CO2 further
o FF increases indicating an improvement in durability, so CNC likely makes cement 

last longer
 CNF can act as alternative VMA for concrete AM.

o At same time improving flexural strength.
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