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Learning Objectives

1. Compare and contrast different ASR 
practices and specifications

2. Identify ASR practices being used by 
various agencies
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Where it all began
Monterrey County &
Los Angeles County
in late 1930’s

Thomas Stanton of 
California State 
Division of Highways 

Parker Dam, California – Arizona
Built 1934 -1938 (Meissner, 1941)



Alkali-Aggregate Reaction in Concrete: A World Review
Sims & Poole (Editors) 2017

Countries & Regions investigated for AAR in this Book
Reported/published 
cases of AAR

No reported 
cases of AAR

No information 
available

Charles Cross Car Park
Plymouth, U.K.

Adnan Menderes Airport
Izmir, Turkey

Sewage Works
Hong Kong

Air Base Pavement
New Zealand

Mactaquac Dam
Canada

Railway Sleepers
U.S.S.R

Alkali-Aggregate Reaction in 
Concrete: A World Review
Sims & Poole (Editors) 2017
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The internal expansion 
eventually leads to 
cracking of the 
surrounding concrete.
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Requirements for ASR

+ Available Calcium

Minimizing the Risk of ASR Expansion

• Use of non-reactive aggregate (no reactive SiO2)
• Limit alkali content of concrete

• Use of low-alkali cement (reduce Na & K)
• Use pozzolans and/or slag (reduce availability 

of Na & K)
• Eliminate moisture (??)

• Use lithium compounds (change swelling 
behaviour of the reaction product)

Mechanisms of ASR



Garner Beckett, President, Riverside Cement Company, 1941 “ … the imposition of some proper limit on the alkali content of 
portland cement is accepted in good grace as representing the only practicable action which is possible at the moment ... 
it is wholly unnecessary to dwell on the inadequacy of the data supporting such limitation. 

Stanton’s Mortar Bar Test (Stanton, 1940)

1-inch mortar bars stored 
over water at 100°F (38°C) Cement alkalis (% Na2Oe)

Results for Portland cements

Use of Low-Alkali Cement to Control ASR

• Low-alkali cement (≤ 0.60% Na2Oe) was prescribed for use with reactive aggregates for almost 80 years in the U.S.
• 2019 was the first year that ASTM C150 did not have an optional limit for low-alkali cement 



Use of Pozzolans to Control  ASR

In 1940 Stanton demonstrated the 
potential for pozzolans to control ASR

Ground 
quartz

Fresno 
pumicite

Calcined 
shale

Davis Dam (completed in 1951)
• Lime-pozzolan strength ≥ 600 psi at 7 days (6d at 

130°F)
• Reduction-in-alkalinity (pozz + NaOH at 80°C 

for 24h)
• Reduction in 14-d expansion of at least 75% for 

mortar bars produced with high-alkali cement + 
20% pozz + Pyrex glass (at 100°F)

• Chemical requirements: SiO2 ≥ 60%, Al2O3 ≥ 
15%, Fe2O3 ≥ 2%, CaO ≤ 10%, Na2Oe ≤ 4%, 
Soluble Alkalis ≤ 0.1%

Engineering News Record, 1949 



Specifications for Minimizing the Risk of AAR



Prescriptive Specification - Example

If potentially reactive aggregates are used then one of 
the following options shall be adopted:

• Limit concrete alkali content ≤ 3.0 kg/m3 Na2Oe

• Use a minimum of 25% Class F fly ash

• Use a minimum of 50% slag

• Use a minimum of 8% silica fume

• Use a minimum of 12% metakaolin

• Use a 30% lithium nitrate solution at a dose rate of 
4.6 litres of LiNO3 solution per 1 kg or Na2Oe 

Specifications for Minimizing the Risk of AAR

Performance Specification - Example

• Use an aggregate that passes either the accelerated 
mortar bar test or the concrete prism test

• If the aggregate to be used does not pass these tests, then 
it may still be used in combination with fly ash, slag, silica 
fume, natural pozzolan, or any blend of these SCM’s 
provided that the combination of SCM’s and aggregate 
passes a modified version of either the accelerated mortar 
bar test or the concrete prism test

• Alternatively the aggregate can be used with lithium 
nitrate and SCM’s provided the combination of materials 
passes the concrete prism test.

Disclaimer - this information is only intended as an example.
The preventive measures & test procedures listed above may not be sufficient in all cases!



Chronology: 

Canadian Standards Association: CSA A23.2

• A23.2-27A Standard Practice to identify degree of alkali-reactivity of 
aggregates and to identify measures to avoid deleterious expansion in concrete

• A23.2-28A Standard Practice for laboratory testing to demonstrate the 
effectiveness of supplementary cementitious materials and lithium-based 
admixtures to prevent alkali-silica reaction in concrete

Latest version 2019

Prescriptive

Performance-
based

2000

AASHTO Designation: PP 65-10 (Provisional) 

• Standard Practice for Determining the Reactivity of Concrete Aggregates and 
Selecting Appropriate Measures for Preventing Deleterious Expansion in New 
Concrete Construction

2010 Latest version 2017 (R 80)

Prescriptive & 
performance-
based

ASTM Designation: C1778-14

• Standard Guide for Reducing the Risk of Deleterious Alkali-Aggregate 
Reaction in Concrete

2014
Prescriptive & 
performance-
based

Latest version 2019



Engineers love flow charts …



AcceptRejectPrevent

ASR
or

ACR

Scaglione & Piercey,
STP 1613, 2019

Evaluating Field Performance ?

TFAST

C1260
1” mortar

T380
2” concrete

C1293
3” concrete

CCT

Which tests?



As the title implies there are two steps to the practice:

Step 1: Determine aggregate reactivity (3 possible outcomes)

• Non-reactive
• Alkali-carbonate reactive
• Alkali-silica reactive

AASHTO R 80: Standard Practice for Determining the Reactivity of Concrete Aggregates 
and Selecting Appropriate Measures for Preventing Expansion in New Construction

Accept
Reject
Reject or use Preventive Measures – Go to Step 2

Step 2: Select Preventing Measures (for ASR aggregates only)

• Limit alkali content of concrete
• Use SCM
• Use lithium nitrate
• Combination – limit alkalis + SCM

Determine using either:
• Performance testing
• Prescription



Step 2: Selecting Preventive Measures for Alkali-Silica Reaction

Prescriptive Approach Performance Approach

Level of
Aggregate
Reactivity

Element
Size &

Exposure

Risk of
ASR

Classify
Structure

Level of
Prevention

Limit Alkali
Content of
Concrete

Minimum
Level of

SCM

SCM +
Alkali Limit

?

Prescriptive approach used to:
• Determine safe level of alkali
• Determine minimum level of SCM

Not to used for evaluating:
• Lithium
• Natural pozzolans
• High-CaO fly ash
• High-alkali SCM

• Run expansion test (either AMBT or CPT) with 
varying level of SCM (including natural pozzolans) or 
lithium to determine the minimum level required to 
control expansion below limit

For exceptional level 
of prevention

Neither expansion test to be used for evaluating:
• The safe level of alkali
• Combinations of low-alkali cement & SCM
AMBT not to be used for
• High-alkali SCM
• Testing lithium (personal opinion – AASHTO R 80 allows)



4.2.2.6(a) Resistance to alkali-silica reaction
For concrete exposed to moisture in service use one of the three following options:

a) Expansion of concrete with each aggregate  ≤ 0.04% at 1 year in ASTM C1293 (Concrete Prism Test)

b) Expansion of mortar with each aggregate & cementing materials combination ≤ 0.10% at 14 days in 
ASTM C1567 (Accelerated Mortar Bar Test)

Option not to be used for fly ash with alkali > 4.0% Na2Oe

c) Alkali content in concrete (calculated from Portland cement component only):

≤ 4 lb/yd3 (2.4 kg/m3) for moderately reactive aggregate (0.04% to 0.12% in CPT)

≤ 3 lb/yd3 (1.2 kg/m3) for highly reactive aggregate (0.12% to 0.24% in CPT)

Option not to be used for very highly reactive aggregate (> 0.24% in CPT) or with natural pozzolan or 
fly ash with > 18% CaO or fly ash with alkali > 4.0% Na2Oe

ACI 301-20  Specifications for Concrete Construction



ACI 350  Code Requirements for Environmental Engineering Concrete Structures

4.6.1.2 Determining preventative measure for alkali-silica reaction

When an aggregate is determined to be potentially reactive, or in lieu of test data, use of the following two approaches:
a) Performance based approach to evaluate preventive measures 

Expansion ≤ 0.04% at 2 years in concrete prism test (for SCM or LiNO3)
Expansion ≤ 0.10% at 14 days in accelerated mortar bar test (for SCM only)

b) Prescriptive based approach
Use minimum levels of SCM shown in Table 4.1.3.A
For concrete exposed to alkalis in service alkali content (from Portland cement) ≤ 1.8 lb/yd3. (1.08 kg/m3)

Draft for Public Review (2021)

SCM Type Alkali of SCM
(% Na2Oe)

Minimum SCM (%)
PC alkali < 1.00 

%Na2Oe)
PC alkali > 1.00 

%Na2Oe)

Fly ash (< 15% CaO)
< 3.0 25 35

3.0 – 4.0 30 40
Slag < 1.0 50 60

Silica fume < 1.0 1.8 x LBA 2.5 x LBA

Table 4.3.1.A

Note: LBA = alkali content of concrete (lb/yd3) calculated from the Portland cement



For concrete containing reactive aggregate:

1. Use 20% to 35% Class F fly ash

2. Use 35% to 50% slag cement or MFFA

3. Use 35% to 50% of a combination of Class F fly ash, slag cement, MFFA, UFFA, metakaolin or 
silica fume (fly ash ≤ 35% and silica fume ≤ 10%

4. Use Type IP, IS, or IT blended cement (as allowed in Table 5 for each class of concrete). Up to 
10% of the blended cement may be replaced with Class F fly ash, slag cement or silica fume 
(total silica fume ≤ 10%)

5. Replace 35% to 50% of cement with a combination of Class C fly ash and at least 6% silica 
fume, UFFA or metakaolin (total silica fume ≤ 10%)

6. Use lithium nitrate at a minimum dosage determined by testing (Tex-41-A)

7. Ensure that the alkali contribution from the cement in the concrete ≤ 3.5 lb/yd3 (2.1 kg/m3) 
Na2Oe (for concrete without SCM only)

8. Option 8 – next slide

Texas Department of Transportation – ASR Specification



Texas Department of Transportation – ASR Specification

• Option 8 – Performance testing



1988 TC 106-AAR: International Assessment of Aggregates for Alkali-aggregate Reactivity

2001 TC 191-ARP: Alkali-Reactivity & Prevention – Assessment, Specification and Diagnosis

2006 TC 219-ACS: Alkali Aggregate Reaction in Concrete Structures: Performance Testing and 
Appraisal

2014 TC 258-AAA: Avoiding Alkali Aggregate Reaction in Concrete - Performance Based Concept

2014 TC 259-ISR: Prognosis of Deterioration and Loss of Serviceability in Structures Affected by  ASR

2020 TC ARM : Alkali-Aggregate Reaction Mitigation

2020 TC ASR : Risk Assessment of Concrete Mixture Designs with Alkali-Silica Reactive (ASR) Aggregates

RILEM Technical Committees Related to Alkali-Aggregate Reaction

RILEM: International Union of Laboratories and Experts in Construction Materials, Systems and Structures

Founded in1947, with the aim to promote scientific cooperation in the area of construction materials and structures

Réunion Internationale des Laboratoires et Experts des Matériaux, systèmes de construction et ouvrages



RILEM TC 191-ARP: Alkali-reactivity and prevention - Assessment, specification and
diagnosis of alkali-reactivity



RILEM Test Methods Related to Alkali-Aggregate Reaction

AAR-0: Outline guide to the use of RILEM methods in assessments of aggregates for potential alkali-reactivity
AAR-1: Detection of potential alkali-reactivity of aggregates – petrographic method
AAR-2: Detection of Potential Alkali-Reactivity—Accelerated Mortar-Bar Test Method for Aggregates
AAR-3: Detection of Potential Alkali-Reactivity—38 °C Test Method for Aggregate Combinations Using Concrete 
Prisms
AAR-4.1: Detection of Potential Alkali-Reactivity—60 °C Test Method for Aggregate Combinations Using Concrete 
Prisms
AAR-5: Rapid preliminary screening test for carbonate aggregates (microbar test)
AAR-8 Determination of Alkalis Releasable by Aggregates in Concrete
AAR-10.1 & 10.2 Determination of binder combinations for non-reactive mix design using concrete prisms – 38°C test 
method
AAR-11.1, 11.2 & 11.3 Determination of binder combinations for non-reactive mix design or the resistance to alkali 
silica reaction of concrete mixes using concrete prisms – 60°C test method
AAR-12.1, 12.2 & 12.3 Determination of binder combinations for non-reactive mix design or the resistance to alkali 
silica reaction of concrete mixes using concrete prisms – 60°C test method with alkali supply
AAR-13 Application of alkali-wrapping for concrete prism testing assessing the expansion potential by alkali-silica 
reaction



RILEM AAR-0 Outline Guide to the Use of RILEM Methods in the Assessment of the Alkali-Reactivity Potential of Concrete 

Aggregate Reactivity Assessment Performance Testing of Job Mixture

Aggregate

Mortar

Concrete

AAR-13 Alkali-Wrapping ?

Variations on CPT:
• Prism size
• Temp. (38/60°C)
• Alkali-supply

None (over water)
NaCl
Alkali-wrapping





BRE Digest 330 (2004)

Alkali limits based on 
aggregate reactivity →

List of low-reactivity 
aggregates →



BRE Digest 330 (2004)

Aggregate reactivity based 
on concrete-prism test (BS 
812-123) →



BRE Digest 330 (2004)

High-reactivity 
aggregates →

Maentwrog Dam, North 
Wales



BRE Digest 330 (2004)

SCM SCM Replacement 
Level

Fraction of SCM alkali to be used in 
calculation of concrete alkali content

Slag
(Table 7)

> 40% None
25 - 40% ⁄1 2

< 25% All

Fly Ash
(Table 8)

> 25% None
20 - 24% ⁄1 5

< 20% All

Alkali Contribution from 
Slag & Fly Ash →

To be used in the 
calculation of concrete 
alkali content for Table 1

• Low reactivity aggregate together with a high alkali cement, or
• Normal reactivity aggregate together with a low, moderate or high alkali cement

• Low reactivity aggregate together with a low or moderate alkali cement
No contribution of alkali from fly ash or slag
(no minimum proportions are recommended)

• High reactivity aggregate, irrespective of the classification of the cement.

Proportions less than 50% by mass for slag or 40% by mass for fly ash 
are not recommended



Hobbs’ (1989) methodology for
calculating alkali contribution Thomas et al. (1996) results for TV flint sand

Alkali contribution
with 6% fly ash

6% fly ash

No contribution
with 25% fly ash

Concrete with Beltane Opal



Thomas et al. (1996) Alkali Contribution of Fly Ash
Role of FA Replacement Level and Aggregate Type

Thomas et al (1996) Alkali Contribution of Fly Ash
Role of Aggregate Alkali Threshold



BRE Digest 330 (2004)

Use of Silica Fume 
& Metakaolin →



BRE Digest 330 (2004)

Use of Lithium 
Salts →



Mactaquac G.S. – Fredericton, N.B. (Completed 1968)
• Aggregate non-reactive by ASTM C 227
• ~ 60 cm (24 in.) concrete removed from the intake structure 

by slot cutting
• Intake structure grown in height ~ 23 cm (9 in.)
• Growth rate approx. 120 to 150 μs/y
• Remediation due to ASR ~ $6M per year
• Projection until 2016 was that concrete structures will be 

replaced by 2030

Question: Can the same aggregate be used again?



Preventive Measures for the Reconstruction of Mactaquac: Using Fly Ash

ASTM C227 vs ASTM C1293 ASTM C1260

Accelerated Mortar-Bar Test
(25 x 25 x 250mm bars in 1M 
NaOH at 80°C)C1293: 3 x 3-inch

prisms over
water at 100°F

C227: 1 x 1-inch prisms 
over water at 100°F

Aggregate Reactivity



Preventive Measures for the Reconstruction of Mactaquac: Using Fly Ash

AASHTO R-80 / ASTM C 1778

• Aggregate reactivity = R3 (highest)

• ASR risk = Level 5 (2nd highest)

• Class of structure = S4 (most critical)

• Level of prevention = ZZ (highest)

• use 35% Class F fly ash and
• limit alkali content from PC ≤ 3.0 lb/yd3 Na2Oe

Performance Approach
Accelerated Mortar-Bar Test Concrete Prism Test

• ASTM C1567 – use 20% Class F fly ash
• ASTM C1293 – use 25% Class F fly ash



Preventive Measures for the Reconstruction of Mactaquac: Using Fly Ash

AASHTO R-80 / ASTM C 1778

• Aggregate reactivity = R3 (highest)

• ASR risk = Level 5 (2nd highest)

• Class of structure = S4 (most critical)

• Level of prevention = ZZ (highest)

• use 35% Class F fly ash and
• limit alkali content from PC ≤ 3.0 lb/yd3 Na2Oe

Performance Approach
Accelerated Mortar-Bar Test Concrete Prism Test

• ASTM C1567 – use 20% Class F fly ash
• ASTM C1293 – use 25% Class F fly ash



Preventive Measures for the Reconstruction of Mactaquac: Using Fly Ash
Other specifications discussed in this presentation

AASHTO R80 & 
ASTM C 1778

20 to 25% Class F fly ash Expansion testing in mortar or concrete

35% Class F fly ash and
alkali ≤ 1.8 lb/yd3 Na2Oe

Prescriptive requirements

TxDOT 20 to 35% Class fly ash Prescriptive requirement

20% Class F fly ash Expansion testing in mortar (Scenario A in Table 10)

BRE Digest 330 40% Class fly ash and
alkali ≤ 4.2 lb/yd3 Na2Oe

Prescriptive requirement for high reactivity 
aggregate (greywacke)

ACI 301 & 350 20 to 25% Class F fly ash Expansion testing in mortar or concrete

25% Class F fly ash (ACI 350) Prescriptive requirements in Table 4.1.3A

CSA A23.2-
27A/28A

25% Class F fly ash* Expansion testing in mortar or concrete

35% Class F fly ash and
alkali ≤ 1.2 lb/yd3 Na2Oe

Prescriptive requirements

* SCM not less than Level Y for extremely reactive aggregate
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Expansion of Exposure Blocks on CANMET Site (Ottawa)
Springhill Aggregate & Class F Fly Ash

• Springhill aggregate (similar to aggregate 
used in Mactaquac)

• 420 kg/m3 (708 pcy) cementing material

• PC alkali = 0.9% Na2Oe
[At 30% fly ash, concrete alkali = 2.65 kg/m3

(4.4 pcy) Na2Oe]
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Field Performance of Fly Ash & Reactive Greywacke Aggregate

With fly ashNo fly ash

Dams in Ontario
Many structures with same highly 
reactive (greywacke) aggregate have 
moderate to severe ASR
Lower Notch Dam: high-alkali cement, 
20 – 30% fly ash; no ASR after 50 
years

Dams in Wales (UK)
Dinas Dam: no fly ash; severe 
ASR after 50 years
Nant-y-Moch Dam: 25% fly ash, 
same aggregate as Dinas; no ASR 
after 60 years

Coniston Dam Lower Notch Dam

Dinas Dam

Nant-Y-Moch Dam



Conclusions

• There are numerous specifications for minimizing the risk of damage due to ASR both within the USA 
& internationally

• Although there are a many different test methods available, most performance specifications today 
rely one or both of two test procedures; these are:

• The concrete-prism test (ASTM C1293 or similar)
• The accelerated-mortar-bar test (ASTM C1260/C1567 or similar)

• Many specifications provide the option to select prescriptive remedies including:
• Control of concrete alkali
• Use of SCM
• Use of lithium compounds

• There is an ongoing need to validate existing specifications by benchmarking the options against 
field-performance data



Questions?



PennDOT: ASR Prevention 
Program

P A T R I C I A  B A E R

P E N N D O T  

B U R E A U  O F  P R O J E C T  D E L I V E R Y

C O N S T R U C T I O N  A N D  M A T E R I A L S  D I V I S I O N



History:
◦ 1992- Start of ASR testing program

◦ AASTHO T 303
◦ Tested once – unless issues

464 aggregates – 75% had expansion test results over 0.10% linear expansion

◦ 2013 – Pro-team formed to investigate improving our ASR mitigation program
◦ Pro-team decided to use AASHTO R 80 

◦ Tested aggregates according to ASTM C 1293

◦ 2015 – Started testing fine and coarse aggregates for all aggregates sources wanting to participate.
◦ Two years to finish with four independent labs

◦ First year- testing initially on aggregate sources with T-303 expansions less than or equal to 0.15% 
◦ Second year – the rest of the sources
◦ Five-year testing cycles was established



Aggregate Evaluation:

◦ 2020 - Started second round of testing
◦ Department testing
◦ Purchased a second warm room 
◦ Approximately 75 samples per year
◦ Quality Assurance Section gathered samples
◦ Consistency



Aggregate Evaluation(continued):

◦ Problems-
◦ First year testing- collected AASTHO #57’s
◦ For some sources had to ask for additional material.
◦ Coarse aggregate- 3/8” screen (issue)
◦ Solution :
◦ Three 50 lb. bags of AASTHO # 57’s
◦ Two 50 lb. bags of AASHTO # 8’s



Aggregate Evaluation(continued):

◦ Testing according to ASTM C 1293
◦ Also testing AASHTO C 380
◦ Gathering materials to test according to  AASHTO TP 144 (TFHRC T-FAST)
◦ Continue to research and evaluate other test methods

◦ If reactivity level change, concrete suppliers have 90 days to 
complete 
◦ Some of our sources have changed reactivity level
◦ Borderline results 



ASTM C 1293 
Results as of August 2017:
◦ Currently, 36% of our aggregates are reactive compared to 75% prior to starting the ASTM C 1293 

testing



Example #1- Using current specification
Step #1:

Using a coarse aggregate with a reactivity of 0.18% and a fine aggregate with a reactivity of 0.03%
◦ According to Table C: 

◦ The coarse aggregate is a R2 reactivity class.
◦ The fine aggregate is non reactive or R0. 
◦ For mix designs use the highest reactivity level of any aggregates used.



Example #1 continued

Step #2:

The next step is to figure out the level of ASR risk
◦ According to Table D: Aggregate Reactivity Class

◦ This aggregate would be at a Risk Level 3



Example #1 continued

Step #3:

Determine Level of prevention. The structure 
classification needs to be know in order to 
determine the level of prevention. 

◦ See Table F: 

If this mix design was for concrete paving under 
section 506, then the structure class would be S2.

If this mix design was for LLCP- long life concrete 
pavement under section 530, then the structure 
class would be S3. 



Example #1 continued

Step #4: Let’s say the design is for concrete pavement (RPS – section 506)
◦ The Structure Classification would be S2

◦ From Table E – Determining the level of prevention

◦ With a Risk Level of 3 and a S2 classification, this mix needs a prevention level X

Level of ASR Risk S1 S2 S3

Risk Level 1 V V V

Risk Level 2 V W X

Risk Level 3 W X Y

Risk Level 4 X Y Z



Example #1 continued

Step #5:
◦ Let’s say we are going to pozzolan to mitigate for ASR. 
◦ See Table G for the minimum replacement levels

◦ The mix needs a Level X replacement so the pozzolan replacement levels would be:
◦ 20% for a Class F or C flyash with an alkali level of 3.0% or less
◦ 25% for a Class F or C flyash with an alkali level greater than 3.0% or less than or equal to 4.5%
◦ 35% for GGBFS
◦ 1.5 x LBA for Silica Fume but not less than 7%



Next Steps:
◦ Finish this round of testing ( 3 more years)
◦ Start T-Fast testing
◦ Evaluate test results between ASTM C 1293 and AASHTO C 380
◦ Department and Industry are still evaluating and looking at new test methods 

that are being developed.
◦ Continue Review of on-going research (mini-concrete prism test, alternate 

SCM’s etc.).
◦ Identify additional ASR affected assets and document using AASHTO ASR 

inventory tool.



Contact 
Information:

Patricia Baer
◦ PennDOT Materials and Testing Lab
◦ Email: patrbaer@pa.gov
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U.S. ARMY CORPS ASR MITIGATION PROGRAM

1
File Name

UNCLASSIFIED

UNCLASSIFIED



ASR in USACE Infrastructure

2







ASTM C1260 Expansion Limit
• DoD began using 0.08% at 28 days in 2001
• Driven by engineers at the Naval Facilities Engineering Service Center 

(NAVFAC)
• Based primarily on

• Stark, David, Bruce Morgan, and Paul Okamoto. Eliminating or 
minimizing alkali-silica reactivity. No. SHRP-C-343. 1993. 

• De Grosbois, Marie, and Eric Fontaine. "Evaluation of the potential 
alkali-reactivity of concrete aggregates: Performance of testing methods 
and a producer’s point of view." Proceedings 11th International 
Conference on AAR. 2000. 

• ACI 221.R-98 Report on Alkali-Aggregate Reactivity. American 
Concrete Institute. 1998.

• AASHTO T 303 Accelerated Detection of Potentially Deleterious 
Expansion of Mortar Bars Due to Alkali-Silica Reaction. 2000.

$14M to rebuild after 12 years
Photo: Air National Guard

Channel Islands

NAS Point Mugu - $14M
Photo: L. Javier Malvar



Unified Facilities Guide Specifications 
(UFGS)

• Used by the U.S. Department of Defense (DoD)
• Joint effort in specifying construction for military 

services
• U.S. Army Corps of Engineers (USACE)
• Naval Facilities Engineering Systems Command 

(NAVFAC)
• Air Force Civil Engineer Center (HQ AFCEC)
• National Aeronautics and Space Administration 

(NASA)
• Based on industry reference standards

• UFGS
QUALITY

System/material 
performance 

level

• UFC/FC
FUNCTION

Intended Use of 
Facility

• UFC (26 Core 
Documents)

ENHANCED SAFETY
Legislation and Policy

ATFP/Accessibility/Energy/E
nvironmental

• Industry 
Standards

BASIC SAFETY
Consensus Codes (IBC, IMC, IPC, 

NFPA, ASHRAE)

Adapted from Zenovia D. Wilcox (USACE-HQ)



UFGS 03 30 00 Cast-in-Place Concrete 
(February 2019)
• Cementitious Materials

• ASTM C150 Type I, II, II (MH), III, IV, V
• ASTM C 595 Type IP, IS, IP (MS), IS (MS), IP (MH), IS (MH), IP (LH), IS (LH)
• ASTM C1157 Type GU, MS, MH, HE
• Suggests 35% replacement with fly ash with a minimum content of 15%. Class C not recommended. Class F 

preferred.
• Note “Low-alkali cement could be specified; specifying it however, is not sufficient to mitigate ASR.” 

• Aggregates
• “Do not use any aggregate susceptible to alkali-carbonate reaction (ACR). Use one of the three options below for 

qualifying concrete mixtures to reduce the potential of alkali-silica reaction (ASR):
a. For each aggregate used in concrete, the expansion result determined in accordance with ASTM C1293 must 
not exceed 0.04 percent at one year.
b. For each aggregate used in concrete, the expansion result of the aggregate and cementitious materials 
combination determined in accordance with ASTM C1567 must not exceed 0.10 percent at an age of 16 days.
c. Alkali content in concrete (LBA) must not exceed [2.4 kg per cubic meter] [4 pounds per cubic yard] [_____] for 
moderately reactive aggregate or [1.8 kg per cubic meter] [3 pounds per cubic yard] [_____] for highly reactive 
aggregate. Reactivity must be determined by testing in accordance with ASTM C1293 and categorized in 
accordance with ASTM C1778.”



UFGS 03 31 30 Marine Concrete 
(February 2019)
• Cementitious Materials

• Note: “Guidance for use of cementitious materials should be sought from the agency's Subject Matter Expert in 
Concrete Materials. Consideration should be given to the use of fly ash or GGBF slag for partial replacement of 
portland cement up to 50 percent. Type III cement should not be specified.”

• ASTM C150 Type I, II, V with max Na2Oe = 0.80%
• ASTM C595 Type IP, IS
• Class C fly ash not permitted
• Must contain an SCM regardless of aggregate reactivity

• Aggregates 
• “Provide ASTM C1260 or ASTM C1567 test results conducted with 6 months of the submittal date .... Maximum 

allowable expansion is 0.08 percent at 14 days per ASTM C1260. If this is not met, then maximum allowable 
expansion for the proposed concrete mixture/s shall be 0.08 percent at 14 days per ASTM C1567. All aggregate 
sources shall be tested. Also, provide documentation that the aggregate has no history of chemical deterioration in 
concrete.”

• “Should the test data indicate a potential risk of alkali-aggregate reaction, the aggregate(s) shall be rejected or 
procedures from AASHTO R 80 shall be followed.”



UFGS 03 70 00 Mass Concrete
(February 2010, Change – August 2020)
• Cementitious Materials

• ASTM C150, no types specified
• Low-alkali OR portland cement + pozzolan / slag if expansion of the combination ≤ expansion of a low-alkali 

cement in ASTM C441
• Aggregates

• Note refers the user to EM 1110-2-2000 Standard Practice for Concrete for Civil Works Structures for evaluating 
and mitigating ASR

• The designer may use the specification method in UFGS 32 13 14.13 OR
• Expansion less than 0.10 (0.08) percent at 16 days in ASTM C1260

• Fine and coarse evaluated separately and in combination to match Contractor’s proposed mix design 
proportions 

• If aggregates fail, reject or conduct additional testing in ASTM C1260 and ASTM C1567 using low-alkali 
cement with slag or Class F fly ash



UFGS 32 13 14.13 Concrete Paving for 
Airfields and Other Heavy Duty Pavements 

(August 2019)
• Cementitious Material

• Note: “Guidance for use of cementitious materials must be sought from the Pavement Materials engineer or from 
the TSMCX, AFCEC pavement SME, or NAVFAC, especially for areas subject to alkali-aggregate reactivity, or 
sulfate attack.”

• Low-alkali ASTM C150 Type I, II, or V
• Low-alkali ASTM C595 Type IP or IS
• SCMs

• Note: “Class C fly ash not permitted for paving concrete.”
• Navy must use one SCM regardless of results of ASR tests
• Army and Air Force – Use of one of the SCMs is optional unless required to mitigate ASR

• Aggregates
• Evaluate reactivity of all aggregates separately
• Expansion less than 0.08 percent after 28 days in ASTM C1260. 
• If aggregates fail, reject OR test cement with SCMs in ASTM C1567 (0.08% at 28 days) OR test cement with 

lithium nitrate (no SCMs) in accordance with COE CRD-C 662
• If aggregates fail, reject the aggregate(s) and submit new aggregate sources for retesting. 



EM 1110-2-2000 
Concrete for Civil Works Structures

• Created in 1994, updated sections of Ch. 2 in 2001
• Needs updating!
• Appendix D: Alkali-Silica Aggregate Reactions

• ASTM C227, C289, and C586, CSA A23.2-14A 
(1986), ASTM C441, and a non-standardized 
accelerated mortar bar test with 0.11% expansion 
limit

• Use low-alkali cement, a pozzolan, or both
• Appendix E: Alkali-Carbonate Aggregate Reactions

• ASTM C295 and ASTM C586
• Avoid use
• Use low-alkali cement and pozzolan, use 

minimum aggregate size, or dilution so that 
reactive aggregate ≤ 20% of either fraction and 
15% of the total if both are reactive



US Army Corps of Engineers  • Engineer Research and Development Center

UNCLASSIFIED

UNCLASSIFIED

Special thanks to:
Brian Lucarelli, Pittsburgh District

Eric Hackbarth, Rock Island District
Carol Tasillo, Huntington District

Andrea Pickrell, Huntington District
Melanie Leslie, Nashville District
Mike Wielputz, Savannah District
Bill Halczak, Sacramento District

Stephanie G. Wood
US Army ERDC-GSL-ESMD-GMC

Office: 601.634.5155
Mobile: 601.618.7786

Stephanie.G.Wood@erdc.dren.mil



Moderator: Michael Praul, 
FHWA

Today’s Panelists

#TRBwebinar

Stephanie Wood, 
USACE

Michael Thomas, 
The University of New Brunswick

Patricia Baer, 
Pennsylvania DOT



• Subscribe to the newsletter for the most 
recent TRB news & research! 

• Even previous subscribers must 
resubscribe!

https://bit.ly/ResubscribeTRBWeekly

https://bit.ly/ResubscribeTRBWeekly


TRB’s New Podcast!
• Have you heard that we have a new 

podcast, TRB’s Transportation Explorers?
• Listen on our website or subscribe 

wherever you listen to podcasts!

#TRBExplorers

https://www.nap.edu/trb/podcasts/


Get involved with TRB
• Receive emails about upcoming webinars: 
https://mailchi.mp/nas.edu/trbwebinars

• Find upcoming conferences: 
http://www.trb.org/Calendar

#TRBWebinars

https://mailchi.mp/nas.edu/trbwebinars
http://www.trb.org/Calendar


Get Involved with TRB

Be a Friend of a Committee bit.ly/TRBcommittees
– Networking opportunities

– May provide a path to Standing Committee membership

Join a Standing Committee bit.ly/TRBstandingcommittee

Work with CRP https://bit.ly/TRB-crp

Update your information www.mytrb.org

#TRBwebinar

Getting involved is free!

http://bit.ly/TRBcommittees
http://bit.ly/TRBstandingcommittee
https://bit.ly/TRB-crp
http://www.mytrb.org/
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