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Why do concrete problems Why do concrete problems 
occur?occur?occur?occur?



Avoiding ProblemsAvoiding Problems

 Design- Constructabilityg y

 Mix Design

 Materials Selection
Design

 Placement Procedures

 Environment

Workmanship Environment



Discussion:Discussion:Discussion: Discussion: 
 Desired Durabilityy

 Concrete Specifications
Mix Design RequirementsMix Design Requirements

ACI 318-08 Updates- CH 4

 Evaluating Concrete Performance



Designing Concrete MixturesDesigning Concrete Mixtures

Objective:

To determine the most economical 
and practical combination of readily 

il bl t i l t davailable materials to produce a 
concrete that will satisfy the 
performance requirements underperformance requirements under 
particular conditions of use.



Concrete DurabilityConcrete Durabilityyy

 Ability of Concrete to Ability of Concrete to 
Resist Weathering Action, 
Chemical Attack, and 
Abrasion While 
Maintaining its Desired 
E i i P tiEngineering Properties.

M-21 / Plaster CreekM 21 / Plaster Creek



Durability ConsiderationsDurability Considerations
• Abrasion 

• Freeze-Thaw, ScalingFreeze Thaw, Scaling

• Carbonation

• Corrosion• Corrosion

• Reactive Aggregate

– ASR– ASR

• Chemical Attack

DEF– DEF

– Sulfate Attack



Factors Impacting Factors Impacting 
PermeabilityPermeability

 Water:cement ratio

Permeability Permeability 

 Water:cement ratio
 Curing
 Material fineness Material fineness

 Aggregate Gradation

 Paste/aggregate ratio Paste/aggregate ratio
 Cement content

 Aggregate paste bond Aggregate-paste bond
 Barriers
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Cement ContentCement Content

PCA RD129



Exposure ConditionsExposure Conditions--
318318--0808318318 0808



Sulfate attackSulfate attack



Materials and Methods Materials and Methods 
t I hibit S lf t Att kt I hibit S lf t Att kto Inhibit Sulfate Attackto Inhibit Sulfate Attack

 Low Permeability Concrete

 Sulfate Resistant Cements
 Type II, V, MS, HS

 SCM’s-
– Class F-ash, Silica Fume

 Surface Treatments



Requirement for Sulfate ExposureRequirement for Sulfate Exposureq pq p
318318--0808

Note- PCA Requirements include a w/cm < 0.40, and a minimum compressive 
strength of 35Mpa (5000psi) for Very Severe (S3) Sulfate Exposure.



Resistance to SulfatesResistance to Sulfates
Expansion Test-

ASTM C1012 ASTM C1012

Moderate- Class- S1 

< 0 10% at 6 months

Severe- Class- S2
< 0.05% at 6 months< 0.10% at 6 months
< 0.10% at 12 months*

Very Severe Class S3Very Severe- Class- S3
< 0.10% at 18 months



FreezeFreeze--Thaw ExposureThaw Exposure



Resistance to FreezeResistance to Freeze--ThawThaw
Criteria :

•• TThe aggregate is frost resistant

• Sufficient strength is attained 

•• TThe aggregate is frost-resistant

prior to first freezing 
(> 3.5 MPa or 500 psi)

• Sufficient strength is attained 
prior to cyclic freezing & 
thawing (> 28 MPa or 4000 psi) 
318- min. 4500 psi.

•• Adequate Air Void SystemAdequate Air Void System



Strength & w/cm RequirementsStrength & w/cm Requirements
Exposure Conditions- F0, F1, F2, F3
ACI 318-08



Limits on SCMs Limits on SCMs 
ACI 318ACI 318--0808



Total Air ContentTotal Air Content
ACI 318ACI 318--0808



Effect of Air ContentEffect of Air Content
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Air Void Spacing & VolumeAir Void Spacing & Volume

LThe Spacing factor is defined as 
th i di t f i t iL the maximum distance of any point in 
the the cement paste from the 
periphery of an air void
ASTM 457 < 0.2 mm (0.008 in.)

L
Specific surface (α) is defined as the 
surface area of a quantity of air voids 
that have a volume of 1 mm3

• ASTM 457  ≥ 24 mm2/mm3

(600 in.2/in.3)



Effect of Spacing FactorEffect of Spacing Factor
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AlkaliAlkali--Aggregate ReactionAggregate Reaction



Occurrence of ASR in the United Occurrence of ASR in the United 
StatesStatesStatesStates



Materials and Methods Materials and Methods 
to Inhibit ASRto Inhibit ASRto Inhibit ASRto Inhibit ASR

 Pozzolans, Slag, and 
Blended Cement

 Low Alkali Portland Cement Low Alkali Portland Cement
 Limit Concrete Alkalies
 ASR Inhibiting Compounds ASR Inhibiting Compounds-

Lithium
 Aggregate Selection and gg g

Beneficiation



Resistance to AlkaliResistance to Alkali--
Aggregate ReactivityAggregate ReactivityAggregate ReactivityAggregate Reactivity

ASR-
 Prism Test- ASTM C1293                    < 

0.04% expansion (1 year)

 Mortar Bar Test ASTM C1260 < Mortar Bar Test- ASTM C1260            < 
0.10% expansion (14 days)

 Use of SCMs ASTM C1567
< 0.10% expansion (14 days)

Caution: Limiting the alkali level of 
cement (<0.6%) may not be enough to 
mitigate ASR- focus must be on TOTALmitigate ASR- focus must be on TOTAL 
alkalies in concrete.



Limiting the Alkali Content of ConcreteLimiting the Alkali Content of Concrete
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CorrosionCorrosion



CarbonationCarbonation





ACI 318ACI 318--0808--
Chloride Limits and 
Design Requirements



Materials and Methods Materials and Methods 
to Inhibit Corrosionto Inhibit Corrosionto Inhibit Corrosionto Inhibit Corrosion

 Low w/cm (0.40)/ ( )

 7 days Moist Cure

 SCM’s- Silica Fume

 Proper Cover Depth

 Epoxy Coated 
ReinforcementReinforcement

 Sacrificial Anode

 Cathodic Protection Cathodic Protection

 Surface Treatments



LowLow--Permeability ConcretePermeability Concrete
--Corrosion ResistanceCorrosion Resistance

 Permeability-

ASTM C1202

 Less than 2000 Coulombs

 Effect of test age?



Cracking vs. DurabilityCracking vs. Durabilityg yg y





Volume StabilityVolume Stability--
Low Shrinkage ConcreteLow Shrinkage ConcreteLow Shrinkage ConcreteLow Shrinkage Concrete

 Low Shrinkage Concrete

ASTM C157

 Less Than 400 millionths



Surface Blemishes vs. DefectsSurface Blemishes vs. Defects
I it D bilit I ??I it D bilit I ??Is it a Durability Issue??Is it a Durability Issue??



Acceptance CriteriaAcceptance CriteriaAcceptance CriteriaAcceptance Criteria
 General Acceptance criteria-p

-Architecturally acceptable concrete Architecturally acceptable concrete 
surfaces should be aestheticallysurfaces should be aestheticallysurfaces should be aesthetically surfaces should be aesthetically 
compatible with minimal color and compatible with minimal color and 
texture variations and minimal surface texture variations and minimal surface ff
defects when viewed at a distance of defects when viewed at a distance of 
approximately 20 ft (6m) or more as approximately 20 ft (6m) or more as 
agreed upon by architect, owner, and agreed upon by architect, owner, and 
contractor, or as otherwise specified.contractor, or as otherwise specified.



QA/QCQA/QC
 Preconstruction meeting 

 Prequalification of finishing crew

 Test panels, Mock ups



Specify Curing RegimeSpecify Curing Regime
When not otherwise specified 

(ACI 301):

 Concrete shall be maintained 
above 50° F and in a moist 

diti f t l t th fi tcondition for at least the first 
7 days after placement.

High-early strength concreteHigh early strength concrete 
shall be maintained above 50°
F and in a moist condition for 

t l t th fi t 3 dat least the first 3 days.



Cement Hydrates inCement Hydrates in 
Layers…

• Concrete cures 
from outside in.







Be Clear on Desired OutcomeBe Clear on Desired Outcome

 Specify enough “hoops” to Specify enough “hoops” to 
jump through to get the 
performance you require forperformance you require for 
service conditions.



Caution Requirements that Caution Requirements that 
Bind Contractors HandsBind Contractors HandsBind Contractors Hands Bind Contractors Hands 

 Means and Methods

 Materials Types



State the ObviousState the Obvious

 If it isn’t in the Specification, it 
b bl ’ hprobably won’t happen.

 Ex: Curing Regime




