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Benefits of Improved Durability

» Longer service life

* Minimize maintenance

» Key to “Sustainability”
— Reduce carbon footprint

— Reduce waste g

— Conserve resources Pantheop 118 - 135 A.D.
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* Understand durability mechanisms

» Assign exposure classes and establish concrete
requirements (ACI 318 Building Code)

» Available local materials and practices

* Minimize permeability * w/cm

« Minimize cracking » Use of SCMs

* Chemical issues * Minimize paste volume
- ASR  Construction
— Sulfates . Curing
— Other
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ACI 318-19 - A Design Standard

ACI 318 Building Code Requirements R
. Chapter 19: Building Code Requirements
o o for Str ral Concr
— Concrete: Design & Durability (ACI t31uac_t1%)a e
ReCIUirementS Commentary on
Building Code Requi S
b Chapter 26 forStrTE:tu(rDaieCoigrezimem
: ; (ACI 318R-19)
— Construction Documents and Inspection
o)
Minimum requirements for materials, 00
design, and detailing o
Covers strength, serviceability, durability O
<[ GEI: American Concrote Institute

ACI 301 Specification for Structural Goncrete

BN -~~~ ]

« Stand-alone reference
specification with specific defaults
— Written to comply with ACI 318

* Durability addressed in Section 4

Specifications for Concrete
Construction (ACI 301-20)

ACI 301-20

/O_-CT-} American Concrete Institute
>
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ACI 318-19 - Durability Requirements

Chapter 19

19.3.1.1

The licensed design professional shall assign
exposure classes in accordance with the severity
of the anticipated exposure of structural concrete
members for each exposure category according
to Table 19.3.1.1

Durability Requirements

Exposure Categories

* F — Freezing and thawing exposure

« S — Sulfate exposure

« W - Contact with water (ASR)

» C — Corrosion protection of reinforcement

Members not exposed (interior) — FO, SO, WO, CO
— no applicable concrete requirements
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Table 19.3.2.1—Hequirements for concrete by exposure class

H Additional requirements Limits on
os“re a egnrles Maximum Minimum cementitious
Exposure class wicm! S psi Air content materials
-
Durahility (ACI 318] /ST
F1 0.55 3500 Table 19.3.3.1 for concrete or Table 19.3.3.3 for shotcrete N/A
Table 19.3.1.1—Exposure categories and classes F2 0.45 4500 Table 19.3.3.1 for concrete or Table 19.3.3.3 for shotcrete N/A
Categery | Cans Condition F3 0.408 50005 Table 19.33.1 for concrete or Table 19.3.3.3 for shotcrete 26.4.2.2(b)
Concrete not exposed to fir -and-
) R i Cementitious materials"l — Types _— ;
thawing cycles L Calcium chloride
Concrete exposed to freezing-and-thawing ASTM C150 ASTM C595 ASTM C1157 admixture
F1
Freezing and cycles with limited exposure to water S0 N/A 2500 No type restriction No type restriction No type restriction No restriction
B Concrete exposed to freezing-and-thawing
thawing (F) F2 o0) Types with (MS) "
eyeles with frequent exposure to water s1 0.50 4000 I designation MS No restriction
Concrete exposed to freezing-and-thawing n (S
F3 eycles with frequent exposure to water and 52 0.45 4500 sl Yﬁi‘”"ad‘(: ) HS Not permitted
exposure to deicing chemucals B
Water-soluble sulfate |  Dissolved sulfate Types with (HS)
(SO in soil (SO>) in water, Option 1 045 4500 V plus pozzolan or designation plus HS plus pozzolan or Not fted
percent by mass''! ppm' po slag cement(”! pozzolan or slag slag cement!”] F
ul
S0 SO <0.10 SO <150 cementl
Sulfate (S) - Types with (HS)
. > 150 =SO,* < 1500 4 viE
s1 0.10 < SO < 0.20 2 wa‘watn Option 2 0.40 5000 designation HS Not permitted
s2 0.20 < SO, < 2.00 | 1500 < SO < 10,000
S3 SO~ >2.00 S04 >10,000 None
wo Concrete dry in service w1 NA 2500 26.4.2.2(d)
In contact w1 Concrete in contact with water where low w2 0.50 4000 26.4.2.2(d)
with water permeabulity 1s not required
Maximum water-soluble chloride ion (CI)
w)
w2 Coacme i :Ml:l‘ ““"h “ml:h“' pd content in concrete, percent by mass of
DOy - cementitious materials® !
co Concrete dry or protected from moisture -
Nomprestressed
Corosion c1 Concrete exposed to moisture but not to an concrete Prestressed concrete Additional provisions
protection of external source of chlondes
1.00 0.06 N
remforcement Concrete exposed to moisture and an one
© o external source of chlorides from deicing c1 N/A 2500 030 0.06
- chemucals, salt, brackish water, seawater, or I 0.40 5000 015 0.06 Concide coretm
spray from these sources

Expansion of water when freezing in saturated
concrete causes internal expansion and damage

Sometimes due to non-durable aggregates
Surface scaling
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Avoiding Freeze-Thaw Damage

Adequate entrained air void system

Lower w/cm to minimize saturation

Durable aggregates

Max SCM limits — deicing salts — hand-finished concrete

g 1
E"
e

\

EC Examples

* Warm regions; Inside structures

FO » Concrete below the frost line

* Members not subject to snow and ice
F1 accumulation; slabs not in direct contact with soil

» Foundation walls if saturation is unlikely "'l“{’//’

11

* Subject to snow and ice accumulation/buildup e

(exterior elevated slabs, foundation or basement severe
F2 " Moderate :l
Wa S) . . . . Negligible
* Members in direct contact with soil Weathering Regions

FIG. 1 Location of Weathering Regions

» Exposed to deicing chemicals — directly or as
F3 accumulation of snow and ice with deicing
chemicals

©National Ready Mixed Concrete Association 6
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ACI 318 - Exposure Category F

Classes: FO, F1, F2, F3

Max w/cm; Min f°.

Air content

— Lower air for F1

— Based on size of coarse aggregate

— Reduce air content by 1% for f’.2 5000 psi
— Tolerance is £ 1.5%

Max SCM limits for F3 (minimize scaling)

ACI 318-19 Exposure Gategory F, Freezing and thawing

Class Condition w/cm | Air | CM | f. | Relat.
FO |Concrete not exposed to FT cycles Cco2
F1 Concrete exposed to FT cycles with NA | NA | 450 | NA 100

limited exposure to water 055 | 45 | 525 | 3500 115

Concrete exposed to FT cycles with
frequent exposure to water

F3 |F2 + exposure to deicing chemicals 0.40 | 6.0 | 725 | 5000 155

F2 045 | 6.0 | 645 | 4500 | 139

» A more restrictive FT exposure selection results in higher GWP
— Foundations — FO by ACI 332 (Residential), FO or F1 or F2 (by ACI 318)
— Interior elements during construction

©National Ready Mixed Concrete Association 7
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 Sulfates in soil or water react with aluminates (C;A in
portland cement)

 Ettringite formation — expansion and cracking
* Gypsum formation — loss of cementitious properties

Immersion Period (years) ASTM C 1012

» Lower w/cm — reduced permeability
- Sulfate-resisting cementitious PREES R e

Type 1 PC with 11.8% C;A

m ate ri a I B 0.201 40% Slag

— Type Il, V (lower C;A content)

— Blended - Types IP, IS, IT, IL with
MS or HS

— Higher C;A encapsulates chlorides
* Use of SCMs

— Class C fly ash not effective

50% Slag

Expansion (%)

0 1000 2000 3000
Immersion Period (days)
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ACI 318 - Exposure GCategory S

Classes: S0, S1, S2, S3

Max w/cm; Min f°.

Types of cementitious materials

— Qualification testing by ASTM C1012 with criteria
Two alternative options for S3

Sea water listed as S1 (chloride binding)
Prohibits calcium chloride admix for S2 & S3

ACI 318 - Exposure Category W

Concrete in contact with water

Classes: W0, W1, W2

Exposure Class W2 — requires low permeability
— Max w/cm; Min f’

Address alkali aggregate reactions for W1 & W2

©National Ready Mixed Concrete Association 9
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» Two types
— Alkali Carbonate (ACR)
— Alkali Silica (ASR)
« Alkali carbonate reactive rocks are rare
— Should not be used in concrete
« Alkali silica reactions
— Guidance in ASTM C1778

T o T R
AR N O
",
3

Factors that Affect ASR: : %’ o

« Aggregate with reactive silica
» Alkalis (sodium / potassium) from cement

+ Exposure to Moisture

Reaction between aggregate
and alkaline liquid forms gel,
causes expansion leading to
cracking and pop outs

©National Ready Mixed Concrete Association
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ACI 301: ASR

« Aggregate reactivity
— ASTM C1293 < 0.04% at 1 yr
« Mitigation
— ASTM C1567 =< 0.10% at 14 days
* Include C1260 with aggregate expansion > 0.10%

— Alkali loading limit (cement alkalis only)
« Max 3 Ib/yd?3 or 4 Ib/yd3

Corrosion is the #1 cause of deterioration of concrete structures
Impacts safety and cost

‘Water
| |

cO

» Electrical circuit High pH in concrete passivates steel until...
* Moisture » Chlorides exceed threshold
«  Oxygen « Carbonation to level of steel

et

©National Ready Mixed Concrete Association
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* Avoid external chlorides

* Minimize internal chlorides

* Low permeability concrete

* Adequate cover

» Corrosion inhibiting admixtures

* Minimize cracks

* Membranes/sealers

» Steel coatings

* Noncorrosive metal reinforcement
» Cathodic protection

ACl 318 - Exposure Category G

« Classes: CO, C1, C2
» Chloride limits for concrete mixtures
— Water-soluble chlorides, % of cementitious materials
» Exposure Class C2 — requires low permeability
— Max w/cm; Min f’
— Cover

©National Ready Mixed Concrete Association 12
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Pool and deck: F2, S0, W2, C1

Balconies: F2, S0, W2, C1

Exterior walls: F1, S0, W1, C1

Foundation: F1, S1, W1, C1

Parking slabs: F1, S1, W2, C2

Interior slabs and beams: F0, S0, W0, CO0

Interior columns: F0, S0, W0, CO

Requirements for Concrete [partial)

Concrete Mixtures

Members Exposure f . load/dur w/cm NMSA
Pool and deck | F2, SO, W2, C1 |4,000/ 4,500 0.45 Ya-in.
nterlor $1abs | Fo, s0, W0, CO | 4000/n/a | nia Yain.
Interior columns | FO, SO, W0, CO | 8,000/ n/a n/a Ya-in.
Balconies F2, S0, W2, C1 (4,000 /4,500 0.45 Ya-in.
Exterior walls F1, S0, W1, C1 | 3,500/ 3,500 0.55 1-in.
Foundation F1, S1, W1, C1 |3,000 /4,000 0.50 1-in.
Parking Slabs F1,S1, W2, C2 |3,000/5,000 0.40 Ya-in.

©National Ready Mixed Concrete Association
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specifying W/L‘Ill

Paste volume impact
No “credit” for SCMs
Wide range of permeability § p

Lower is not always better A« 9

— Impacts sustainability,
constructability

0.2 0.4 0.6 0.8 1.0 1.2

‘Water/Cement

(Adapted from Hearn et al, 1996)

ow/cm = 0.55 — Maximum 3000 coulombs
ow/cm = 0.50 — Maximum 2500 coulombs
ow/cm = 0.45 — Maximum 2000 coulombs
ow/cm = 0.40 — Maximum 1500 coulombs
e For ASTM C1876 (resistivity) (56 day):

ow/cm = 0.55 - Minimum 60 Q-m

ow/cm = 0.50 - Minimum 75 Q-m

ow/cm = 0.45 — Minimum 90 Q-m

ow/cm = 0.40 — Minimum 120 Q-m

e For ASTM C1202 (accelerated curing for mixtures with SCM):

NaCl
solution

60V

©National Ready Mixed Concrete Association
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Concrete reduces volume after its placed
Restraint causes cracking

Minimize paste volume

Shrinkage Reducing Admixtures
Fibers

Reinforcement - Keep cracks tight
Jointing

Performance: Drying Shrinkage

Not required by ACI 318
« ASTM C157

— Preapproval

— Specimen size 3 x 3 x 10 in (larger with 1 %2 in. agg)
— Cured in limewater for 7 days and dried for 28 days
— Length change criteria - 0.04 or 0.05%
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lecting

20

Selecting Exposure Classes
and Requirements for
Durability

scriptive and performance requirements

Disclaimer

sach

oot permtted

raquire designes must
S s in s

https://lwww.nrmca.org/association-resources/research-and- ~
engineering/p2p/durability-exposure-classes/

» Discussed durability mechanisms, mitigation and ACI
318 requirements

— Freeze-thaw, Sulfate, Water, ASR, and Corrosion
LDP assigns exposure classes, concrete requirements

« Rational interpretation of Codes and Standards
important for low embodied carbon concrete

— Max CM, SCM limits (only F3), w/cm, air (more restrictive)
« Can include performance requirements
— RCP/resistivity (instead of w/cm), Shrinkage
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Questions?

Karthik Obla
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