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LEARNING OBJECTIVES 



LEARNING OBJECTIVES 
•  Understand the concepts of ASR and 

DEF 
•  Learn the approach to investigate a 

structure with ASR and DEF issues 
•  Learn the general causes of ASR and 

DEF 
•  Understand the general repair 

program to address existing 
concrete columns with ASR and DEF 



Alkali Silica Reaction (ASR)  
Delayed Ettringite Formation (DEF) 

Overview 
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Macrostructure of Concrete 
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!  Macrostructure 
!  Visible cracks 

in hcp and 
aggregates due 
to volume 
change 
 (to understand 
cause of cracks, 
we need to look at 
microstructure) 

Structure of “damaged” Concrete 

!  Microstructure 
! Alkali-silica reaction: 

!  Reaction product forms 
at ITZ and expands 

! Frost action: 
!  Water freezes in capillary 

pores and expands 
! Sulfate attack: 

!  reaction products form 
in hcp and expand 
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!  What causes ASR? 
!  Chemical reactions involving: 

!  Alkali ions from portland cement 
!  Hydroxyl ions 
!  Siliceous constituents in aggregate 

 SiO2 + 2NaOH + H    "    Na2SiO32H 
 Silica    alkali   water    alkali-silica gel 

Alkalis 
+ 

Reactive Silica 
+ 

Moisture 

 ASR Gel 
which 

expands 

Concrete 
cracking 

Alkali Silica Reaction (ASR) 
“The Cancer of Concrete” 



ASR	Forma4on	and	Necessi4es	

Mechanisms	

1.  Silica	dissolu4on	

2.  Silica	gela4on	

3.  Swelling	of	gel	

Reac4ve	Silica	

Calcium	
Hydroxide	

High	pH	

Sufficient	
Moisture	

Four-Prongs	of	ASR	
promo4on	
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!  Signs of ASR 
!  Expansion and cracking 
!  Loss of strength 
!  Pop-outs and exudation of viscous 

alkali-silicate fluid 
!  Where? 

!  Humid environments (dams, bridge 
piers, sea walls) 

!  Exposed environments (roads, building 
exteriors) 

Alkali Silica Reaction (ASR) 
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•  When cracks reach the surface of 
the structure, “map cracking” results. 
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Methods to Prevent ASR 

•  Limit alkali presence 
– Low alkali cement 
– Limit other sources: 

•  salt-contaminated aggregates 
•  penetration of seawater 
•  penetration of deicing solution 

– Cement content of the concrete 
•  Limit reactive aggregate 

– amount, size, reactivity 
•  Limit available moisture 

– RH of 75% required for reaction 
– Repair cracks, joints 

Alkalis + Reactive Silica + Moisture  ASR Gel 
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Methods to Prevent ASR 
•  Use slag or pozzolanic admixtures 

–  Insoluble alkalis 
–  Blast furnace slag, volcanic glass, fly ash, silica 

fume 
–  Iceland uses CFS (Condensed Silica Fume) in all 

cement 
•  Air entrainment may help 

–  Provides pores; allows gel room to expand 
harmlessly 

•  Structural Design 
–  Limit access to water 
–  Avoid de-icing salt accumulation 
–  Adequate compaction 
–  Good finished surfaces 





Delayed Ettringite Formation (DEF) 



•  Ettringite is the mineral name for calcium 
sulfoaluminate (3CaO•Al2O3•3CaSO4•32H2O), 
which is normally found in portland 
cement concretes, as a hydration 
product with a long, well-crystalized 
needle shape morphology. 

Delayed Ettringite Formation (DEF) 

Ettringite 



•  DEF is a case of chemical sulfate attack 
when the source of sulfate ions happens 
to be internal (within the concrete) 
rather than external. 

•  The phenomenon is known to occur 
when either a gypsum-contaminated 
aggregate or a cement containing 
unusually high sulfate content has been 
used in the concrete production. 

Delayed Ettringite Formation (DEF)) 



•  Cases of delayed ettringite formation 
have been reported with steam-cured 
concrete products. 

•  Ettringite is not a stable phase above 
65°C, it decomposes to form the 
monosulfate hydrate if steam-curing 
temperatures higher than 65°C; are used 
in the manufacturing process. 

Delayed Ettringite Formation (DEF) 



•  The sulfate ions released by the 
decomposition of ettringite are adsorbed 
by calcium-silicate hydrate. 

•  Later, during the service, when sulfate 
ions are desorbed, the re-formation of 
ettringite causes expansion and 
cracking. 

Delayed Ettringite Formation (DEF) 



Case Study 





Project Information 
 

•  12-Story (2 below ground) 
•  Footprint: ~ 364ft x 271ft 
•  Built in 1983 
•  Precast concrete DTs with CIP topping 

– 10 ft wide and 28 in deep 
– 47 to 59 ft span (6 bays) 

•  )  



Evaluation – Project Information 















Up-close Survey 



Crack Mapping 



Crack Mapping 





Crack Mapping 







Evaluation – NDT 



ICRI Guideline Tables 

Deduc4ve	reasoning	(top-down	logic)		



ICRI Guideline Tables 

Deduc4ve	reasoning	(top-down	logic)		



ICRI Guideline Tables 

Deduc4ve	reasoning	(top-down	logic)		



Deduc4ve	reasoning	(top-down	logic)		



Core Sample at Crack 
 



Control Sample 
 





Evaluation – Petrographic Analysis 



Evaluation – Petrographic Analysis 



ASTM C-856 



Deduc4ve	reasoning	(top-down	logic)		

Figure	taken	from	TXDOT	and	Texas	A&M	Report	No.	FHWA/TX	12/0-5997-1	



Corrosion Deterioration  

Stage	1	
Chloride	ion	is	
limited	to	surface	
and	slab	upper	
region.	
	
Preventa,ve	
Maintenance	
	
	



Corrosion Deterioration  
Stage	2	
Over	4me	the	chloride	ions	
penetrate	down	to	the	level	
of	the	steal	reinforcement		
and	beyond.	
	
Stage	3	
Ini4al	stage	of	corrosion	
induced	concrete	deteriora4on	
result	in	forma4on	of	horizontal	
fractures	and	ver4cal	cracking		
over	the	reinforcement.	
	
Concrete	Repairs	&	
Preven,ve	Coa,ngs	
	



Corrosion Deterioration 

Stage	4	
Forma4on	of		
delamina4ons		
and	concrete		
spalling.	
	
	
	
	
	
Repair	&	Coat	



Corrosion Mechanism 

	

	

PASSIVITY	LAYER	

HIGH	ALKALINITY	

ANODE	

CATHODE	

Moisture	

Chlorides	

Carbon	Dioxide/Oxygen	
EXPANSIVE	

FORCES	



Deduc4ve	reasoning	(top-down	logic)		



CONCLUSION 
 

CRACKS DO NOT HAVE A 
STRUCTURAL SIGNIFICANCE 



Repairs 
 

•  Clean and prepare concrete surface: 
Water-assisted blasting. 

•  Water repellant: Silane 100% solids 
•  Seal cracks and joints: Flexible sealant 
•  Flexible surface coating: Elastomeric 
•  Periodic surveys: Annual 







Repairs 
 

•  Water Repellant 
– Resistance to water 
– Allow vapor transmission 
– Penetrate to a measurable depth 
– UV resistant 
– Silane – 100% solids 
– Long-term stability in alkaline environment 
– Will not bridge cracks over 0.012 inch 



Repairs 
 

•  Seal cracks and Joints 
– Seal surface of cracks over 0.02 inch 
– Seal open joints 
– UV resistant 
– Elongation – 700% per ASTM D412 
– Compatible with water repellant and 

coating 



Repairs 
 

•  Flexible Surface Coating 
– Seal surface of cracks up to 0.02 inch 
– Breathable 
– UV resistant 
– Compatible with flexible sealant and 

water repellant  
– Aesthetic implications 

 



Repairs 
 

•  Mock-ups 
– Large scale 

•  Performance 
•  Aesthetics 

•  Reapplication 
– Water repellant: 7-10 years 
– Surface coatings: little data 
– Flexible sealants: 5 to 20 years 





Repair 

REPAIR	COST	–	COLUMN	REPLACEMENT	=	$6,000,000	
REPAIR	COST	–	WALKER	APPROACH=	$250,000	



QUESTIONS? 
 

Al.Bustamante@walkerrestoration.com 


