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Aggregate Challenges

• Physical properties
– Wear resistance, durability, soundness

• Chemical properties
– Alkali aggregate reactions – ASR & ACR
– Highly reactive microfine coatings –

 
expansive 

 clays

Ref: Hanna N. A. et al, 2003. 



Current Aggregate Strategies

• Alkali Silica Reactivity – Lithium salts & SCMs

• Deleterious microfine coatings –
 

washing
– Some coatings don’t wash off well

• Consider nanoporous films to coat aggregate
– Act as impervious or reactive barriers at the ITZ 



Nanoporous Thin Film Technology
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How thin film technology could enhance 
 aggregates (I)

• ASR Prevention
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How thin film technology could enhance 
 aggregates (II)

• Clay coatings
T2 O5

(T=Si or Si/Al)

Y(OH)6-x Ox
[Y=Al,Mg,Fe(III)]

Aluminosilicates

Silica nanoporous coating of high specific surfaceSilica nanoporous coating of high specific surface

Pozzolanic ReactionPozzolanic Reaction

Normal Hydration Products
Stronger ITZ
Normal Hydration Products
Stronger ITZ



How thin film technology could enhance 
 aggregates (III)

…others (Longitudinal and transverse cracking)
Mechanism 1: Increasing resistance to cracking

Strength Values 

 
for Control 

 
Mortar

Compression Tensile Flexural
Time 

(Days)
Value 
(psi)

Error 
(%)

Value 
(psi)

Error 
(%)

Value 
(psi)

Error 
(%)

10 4679 6.4 492 20.3 939 0.8
14 4257 26.6 520 10.4 986 15.6
28 5540 4.4 524 7.8 856 29.2

Strength Values 

 
for Mortar Made 

 
with Aggregate 

 
Coated with SiO2

Compression Tensile Flexural
Time 

(Days)
Value 
(psi)

Error 
(%)

Value 
(psi)

Error 
(%)

Value 
(psi)

Error 
(%)

7 4806 5.0 479 2.3 1003 10.5
14 5659 4.9 536 4.3 1119 4
28 5845 9.0 439 2.5 1047 13.6
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How thin film technology could enhance 
 aggregates (III)

Mechanism 2: Higher stiffness

Stress vs. apparent strain curves for mortars made with 1/3 of 
the aggregate coated 



• What we already know about impact of thin films on ITZ? (I)
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Distance from Aggregate (m)
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Decrease Porosity!

• What we already know about impact of thin films on ITZ? (II)
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• What we already know about impact of thin films on ITZ? (III)

Curing Time (Days)
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• What we already know about impact of Nanoporous in ITZ? (IV)

Decrease in Drying Shrinkage!!
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Preliminary work completed so far
• Deleterious Coatings



Preliminary work completed so far

• ASR (ASTM 1260 test) 
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“engineer the properties of the of the ITZ with economical nanofilms to mitigate… 
”

Objective

Deleterious Microfines Deleterious Microfines 

Type & Quantity of Microfines
Type & Quantity of Nanofilms

Type & Quantity of Microfines
Type & Quantity of Nanofilms VariablesVariables

Concrete 
Properties 

To 
Measure 

Concrete 
Properties

To 
Measure

Fresh
(Slump, AEA Demand, Air Content, 

and Unit Weight) 
Hardened 

(Compression, Tensile, and Flexural 
Strength, Modulus of Elasticity, 

Coefficient of Thermal Expansion, 
and Drying Shrinkage) 

Fresh
(Slump, AEA Demand, Air Content, 

and Unit Weight)
Hardened 

(Compression, Tensile, and Flexural 
Strength, Modulus of Elasticity, 

Coefficient of Thermal Expansion, 
and Drying Shrinkage)

ASR AggregatesASR Aggregates

Type of Aggregate
Type & Quantity of Nanofilms

Deicer and SCM’s

Type of Aggregate
Type & Quantity of Nanofilms

Deicer and SCM’s

ASR Reactivity
(ASTM 1260 and ASTM 1293)

Plus measure same 
properties as on left 

ASR Reactivity
(ASTM 1260 and ASTM 1293)

Plus measure same 
properties as on left

Impact on 
Mechanistic-Empirical 

Pavement Design Guide 

Impact on 
Mechanistic-Empirical 

Pavement Design Guide



Proposed work
Deleterious Microfines Deleterious Microfines 

• Collect Microfines from 
 participating states

• Select & Characterize 
 Representative Microfines

Mineralogical Composition, 
CEC, Exchangeable Cation, 

Particle Size distribution 

Mineralogical Composition, 
CEC, Exchangeable Cation, 

Particle Size distribution

• Coat Representative Aggregates with Selected 
 Microfines and Nanofilms

• Measure Fresh & Hardened Concrete Properties

• Characterize Concrete Microstructure



Alkali Silica Reaction Alkali Silica Reaction 

Proposed work

• Collect aggregates from 
 participating states

• Select & Characterize 
 Representative Aggregates ASR screening, Petrographic 

Analysis, X-ray Diffraction, SEM 
ASR screening, Petrographic 

Analysis, X-ray Diffraction, SEM

• Coat Representative Aggregates with Nanofilms

• Measure ASR Development

• Characterize Concrete Microstructure



Time Frame and Budget

• Project duration: ~ 3 years
• Budget: ~$100,000 per year

ID Task Name

1 1. Aggregate Enhancement Research
2 1.1 Collection of Aggregates and Microfines
3 1.2. Characterization of Aggregates and Microfines
4 1.3. Coating with Nano-additives
5 1.4. Concrete Mixing and plastic properties
6 1.5. Measuring Concrete Properties
7 1.5.1 Measure hardened concrete properties
8 1.5.2 Select freeze-thaw tests
9 1.5.3 Select ASR tes ts
10 1.6. Characterization of Concrete Microstructure
11 1.7 Impact on MEPDG
12 1.8 Analysis of data
13 2. Reporting
14 2.1 Quarterly reports
15 2.2 Final Report

Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 
2009 2010 2011



Summary

• Concrete distress often associated with 
 aggregates

• Chemical reactivity of aggregates and the highly 
 reactive microfines

• Limited aggregate sources do not allow for 
 selection of ideal aggregates

• Nanotechnology may provide an economical 
 means to treat marginal aggregates to ensure 
 optimum concrete performance
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