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Source:  “The Cement Industry’s Contribution to Canada’s Green Plan” CPCA 
June 1991
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When the expanding pressure exceeds 
the tensile strength of the concrete, the
concrete cracks.

Creation of alkali-silica gel+
���	��&����������	����
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Treat the Symptom
•Fill Cracks

•Aesthetics
•Protection (e.g. Cl- ingress)

•Restraint
•Prevent expansion

Treat the Causes
(Mitigate deleterious reaction)
•Drying

•Sealants
•Cladding
•Improved drainage•Prevent expansion

•Strengthen and stabilize
•Stress Relief

•Improved drainage
•Chemical Injection

•Lithium Salts
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Silane Coating

• Prevents water ingress during wet periods and 
dries concrete during dry periods

• Applied by painting or spray application
• Treatment often coupled with crack filling
• Structure maintains historical appearance
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Lithium Nitrate (LiNO3)
Applied via Topical Application Applied via Vacuum Impregnation

• LiNO3 penetrates cracked 
concrete surface

• Applied by atomizing spray 
application

• Structure maintains 
historical appearance

• LiNO3 penetrates by 
vacuum pressure

• Vacuum applied for 1 hour
• Structure maintains 

historical appearance
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Lithium Nitrate (LiNO3)

Applied via Topical Application
Depth of Lithium Penetration

Applied via Vacuum Impregnation
Depth of Lithium Penetration
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Lithium Nitrate (LiNO3)
Applied via Electrochemical Treatment

• Ingress of Li+ ions by electrical current
• Treatment duration 4 – 8 weeks
• After treatment structure maintains 

historical appearance

Source:  Whitmore, Vector Construction Group
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Lithium Nitrate (LiNO3)
Applied via Electrochemical Treatment
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Carbon Fiber Reinforced Polymer (CFRP)

• Restrain expansion of concrete
• Elements are wrapped with 

CFRP fabric for service life of 
structure

• Structure façade altered
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Bibb Graves Memorial Bridge
Location:  Wetumpka, Alabama
Completion:  1929 – 1930
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Monitoring:
• Expansion measurements
• Qualitative crack mapping
• Core extraction

• Petrography Evaluation
• Damage Rating Index
• Thin Section Examination
• Concrete Equivalent Alkali • Concrete Equivalent Alkali 

Content
1���#��������1���#��������
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• Severe and moderate damage in two of four arches
• Residual expansion testing indicates likely continued deterioration
• Continued monitoring
• Remediation

• Crack filling with epoxy injection on top of arch
• silane coating on sides recommended to maintain historical  

attributes
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Sustainable development can be achieved by:

– Minimizing resources in producing concrete (e.g., 
using supplementary cementing materials (SCMs) or 
other by-products in concrete)

– Ensuring long-term durability (proper design, 
construction, material selection, etc.)

%������	�$
���	
'

construction, material selection, etc.)

– Changes to manufacturing and construction 
processes
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Source:  TVA

Source:  FHWA Archives

Source:  www.btg.com



~42% use
2007

Source:  American Coal Ash Association



Source:  American Coal Ash Association



Source:  American Coal Ash Association
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Some ashes do not meet ASTM C 618 (or similar standard)s
• High carbon content (big impact on air entrainment) 
• High alkali content

•Issue being addressed in research currently underway 
at OSU

• heavy metals contamination (a big issue right now)• heavy metals contamination (a big issue right now)

Specifications may restrict use of fly ash

Not enough demand in some areas

Availability 



Case Study: Mactaquac Generation Station
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Intake Structure

Grown vertically by 175 mm (2007)

Removed 450 mm of concrete by      

perpendicular slot cutting

120 to 150 microstrain/year of 

unrestrained expansion

Aggregate:  Greywacke

Testing methods at the time showed it 

was “non-reactive”

Service Life - ~150 years, will last ½ that 

or less

2025 – Complete replacement



Pulley

Diamond wire

Mactaquac Generation Station

Motor

Diamond wire

Images:  M. Thomas
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Concrete 

ASTM C 1567

ASTM C 1293

1 N NaOH 
at 80 C

C

Concrete 
prisms (stored 
above water) 

at 38 C
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University of Texas at Austin
University of New Brunswick

5 July 2006 Davos, Switzerland

CANMET/MTL Treat Island, ME



Mactaquac Generation Station

Thomas et al. 2008

Ultimately decided to use a 40-50% dosage of fly ash



Mactaquac Demonstration Project



Mactaquac Generation Station
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Normal setting (adjustable by admixtures)
Rapid hardening (i.e. rapid strength gain)
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acid attack induced by bacteria
sulfate attack

CAC
max errosion

< 10 mm

PORTLAND Cement
completely eroded

> 60 mm
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Sewage linings
12 year field trial, South Africa



Further improved with synthetic aggregate
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(69 MPa)

Very high
strength
Fondu /
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Concrete
(133 MPa)

Glass Very high
strength

OPC
concrete
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>4 x
costcost

volumevolume
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CAC OPC

$
$

< 1/1000

volumevolume

Special CementsSpecial Cements
do not compete in applications where portland cement performs well,
applications justified by advantageous properties
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