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Project Overview 

Research Project Sponsored by:  Oregon  
Transportation Research and Education  
Consortium (OTREC) 
 University Transportation Center 
 

Durability Assessment of Recycled Concrete Aggregates for 
use in New Concrete 
 
Phase I – Report Complete and Published 
Phase II – Draft Report will be submitted October 15th,2012 
http://otrec.us/research/final_reports  

October 15, 2012 
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Project Goals 

 
• Can standard test methods detect  potential alkali-silica reactivity of 

recycled concrete aggregates (RCA)? 
• Can alkali-silica reactivity from RCA be mitigated in the same manner as 

traditional aggregates in concrete? 
• Provide technical guidance on testing and assessing ASR concerns from RCA 
• Survey state DOTs to determine what their current usage of RCA is, needs 

are and how they could better use RCA 
• Develop a web-based or Excel-based tracking tool for demolished concrete 
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Multi-laboratory Study Information 

• Four universities participated in this study: 
• Oregon State University, Corvallis, Oregon, USA 

• Dr. Jason H. Ideker and Matthew P. Adams 
• University of Wyoming, Laramie, Wyoming, USA 

• Dr. Jennifer E. Tanner and Angela Jones 
• Université Laval, Quebec City, Quebec, Canada 

• Dr. Benoit Fournier and Mr. Sean Beuchman  
• Ryerson University, Toronto, Ontario, Canada 

• Dr. Medhat Shehata 
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Recycled Concrete Aggregate (RCA) 
• Produced from demolished concrete 
• Two-phase particle (Fathifazl et al. 2009) 

• Original natural coarse aggregate 
• Adhered mortar 

• Original cement paste 
• Original natural fine aggregate 

• Absorption capacity: 1-10% increase (Buck 
(1977), Dhir et al. (1999), Gomez-Soberon (2002), Poon et al. (2004), Ravindrajah 
(1996)) 

• Density of aggregates: 0-25% decrease 
(Abbas et al. (2009), Buck (1977), Dhir et al. (1999), Gokce et al. 2011), Kikuchi et al. 
(1998)) 

• Typically a decrease in concrete 
mechanical properties (Dhir et al. (1999), Gomez-Soberon 
(2002), Kikuchi et al. (1998), Mandal et al (2002), Padmini et al. (2009), Poon et al. 
(2004), Ravindrajah (1996), Sagoe-Crentsil et al. (2001)) 

• Concrete durability not well understood 
• Testing has been inconclusive due to variations in 

methods 
• ASR (Desmyter and Blockmans (2000), Gress and Kozikowski (2000) , Li and 

Gress (2006), Scott and Gress (2004), Shayan and Xu (2003), Shehata et al. 
2010)) 
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Source: Abbas et al.  (2008) 



Interest for RCA Use in US 

Sustainability       
(Hansen et al. (2004), Mehta (2001), USEPA (2009))  

• Reduce need to mine natural 
aggregates; 
 

• Reduce amount of demolished 
concrete going into landfills; and 
 

• Reduce amount of 
transportation needed to move 
aggregates where natural 
sources are limited 
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Source: http://www.geology.enr.state.nc.us/ 

Source: http://www.recycling-concrete.com/ 



RCA Use in US 
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Source: FHWA (2003) 

•As of 2003, 11 states used RCA in new concrete (FHWA (2003)) 

 
•Several concerns prevent increased use (FHWA (2003), Melton (2004)) 

•Industry perception 
•Lack of technical standards 
•Lack of published data on long-term durability 

•Particularly concerning alkali-silica reaction (ASR) 

Source: Goonan (2000) 

RCA Usage by Application RCA Usage in New Concrete by 
State 



•Pervasive concrete deterioration mechanism 
•Causes severe cracking 
•Shortens lifespan of critical infrastructure 
•Expensive to repair or replace infrastructure 
 
 
 
 
 
 
 
 
 
 
 

•Does this problem continue when concrete material is recycled?  
•How do we test for it in RCA? 
•Can we stop it in RCA? 

Alkali-Silica Reaction (ASR) 
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Source: Folliard et al. (2006) 

Source: www.cement.org 



Alkali-Silica Reaction Mechanisms 

• Internal chemical reaction in concrete 
• Requires 

1. Reactive silica 
2. Alkalis 
3. Sufficient Moisture 

• Internal reaction between hydroxyl ions (OH-) 
and reactive silica 

• Silica released from aggregates reacts with 
alkalis to form an expansive gel 

• Gel absorbs water and swells 
• Tensile force can result in expansion and 

related cracking 
 

 

 

 
(Dent Glass and Kataoka (1981), Hobbs (1988), Folliard et al (2006)) 
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Source: Collins et al.  (2002) 

Source: Folliard et al.  (2006) 



Mitigating Alkali-Silica Reaction 

• Supplementary cementitious materials (SCMs) are known to mitigate alkali-silica 
reaction through several mechanisms 

• These SCMs include: 
• Industrial by-products 

• Fly ash 
• Silica fume 
• Ground granulated blast furnace slag 

• Natural SCMs 
• Metakaolin (calcined clay) 
• Rice husk ash 
• Diatomaceous earth 
• others 
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Fly Ash Slag Silica Fume Metakaolin 

http://www.concretethinker.com/Content/ImageLib/pcano12191.jpg
http://www.concretethinker.com/Content/ImageLib/pcano12192.jpg
http://www.concretethinker.com/Content/ImageLib/pcano12190.jpg


ASR and RCA 
• Limited available research 

 
• Lack of research across a broad range of aggregates. 

 
• Work has shown that current test methods (AMBT and CPT) can 

detect reactivity. (Li and Gress (2006), Shayan and Xu (2003), Shehata et al. (2010)) 

• Only limited aggregate sources 
• Inherent variability not well addressed 
• Changes in precision and bias statements 

 

• No available correlations with exposure block testing or field 
performance 
 

• Previous results exhibited that SCMs may be able to mitigate 
ASR, though at higher replacement levels than natural 
aggregates. (Li and Gress (2006), Scott and Gress (2004), Shehata et al. (2010)) 
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ASR Test Methods 
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Laboratory Crusher 
5L Mortar Mixer to 

Make AMBT 

CPT and AMBT bars Oven for Storing AMBT Bars 

AMBT Bars in NaOH 
Solution 

Measuring Bar Expansion 
Using Comparator 

•The AMBT test is quick (16 days) 
• Most used test by industry 
•This test method does have challenges 
however….that is another presentation 
 

Test Name
Bar Size    

in.
Test length

Aggregate size 
in.

Test standard

Accelerated 
Mortar Bar 

Test (AMBT)

1 x 1 x 
11.25

16 days 5.9 x 10-6 to 
0.19

ASTM C1260 
ASTM C1567

Concrete 
Prism Test 

(CPT)

3 x 3 x 
11.25

1-2 years
Coarse and 

fine as graded 
from supplier

ASTM C1293



Accelerated Mortar Bar Test (AMBT) 
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Materials mixed in 
Mixer 

Bars are Demolded and Placed 
into Water Heated up to 80°C 

Over 24 Hours 

Bars are Placed in 1 N 
NaOH that is 80°C 

and Returned to Oven 
for 14 Days 

Bars are Removed From 
Water and Measured for Initial 

Measurement 

Cast at Least 3 bars into AMBT Bar 
Molds and Allow Bars to Cure for 24 

Hours 

Bars are Subsequently 
Measured Over Testing 

Period 

Day 1 

Day 3 

Day 2 

Day 3 -16 



Accelerated Mortar Bar Test (AMBT) 
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•Expansion of bars indicates reactivity 
 

•Expansions greater than 0.10% indicate potentially 
deleterious expansions 

Source: http://www.greensboro-nc.gov 
JHI 

Pavement on I-84 just east of Boise, Idaho 



RCAs used 
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Recycled 
Concrete 
Aggregate

Natural 
Aggregate 

Mineralogy

Recycled 
Concrete 
Aggregate 

Origin
Source 
Type

Natural Aggregate 
Mortar Bar 

Expansion in 
ASTM C1260 Test 

(14 d exp. %)

 
Aggregate 

Concrete Prism 
Expansion in 
ASTM C1293 

Test (1-year exp 
%)

Abs. 
Capacity of 
Recycled 
Concrete 
Aggregate 

(%)

Al-R
Mixed 

mineralogy 
gravel (CA)

Exposure 
block from 

Ontario, CA

Laboratory 
created

0.36 0.09 6.66

Be-R
Argillaceous 
limestone 

(CA)

Exposure 
block from 

Ontario, CA

Laboratory 
created

0.17 0.04 6.18

Po-R
Sandstone 

(CA)

Exposure 
block from 

Ontario, CA

Laboratory 
created

0.09 0.13 4.22

Sp-R
Greywacke 

(CA)

Exposure 
block from 

Ontario, CA

Laboratory 
created

0.46 0.22 7.78

Ca-R

Silicious 
river gravel 
(CA and 

FA)

Returned 
concrete 

stockpile at 
Oregon 

readymix 
facility

Stockpile
FA: 0.81                  
CA: 0.59

Unknown 9.32

St-R Unknown
ASR affected 

stairs in 
Wyoming

Field 
structure

Unknown Unknown 3.01

Op-R Uknown
ASR affected 
foundation 
in Wyoming

Field 
structure

Unknown Unknown 3.62

Laboratory 
Created  
Phase I 

Stockpile 
Material 
Phase II 

Demolished Field 
Structures 
Phase II 



Effect of Crushing Procedures 
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• Crusher’s Fines 
• Material that met the gradation standards for the 

ASTM 1260 after being sieved out from primary 
crushing at the pilot scale crushing facility 

• Re-crushed Fines 
• Material that was further processed at individual 

university labs from larger material produced 
during pilot scale crushing.  

Recycled 
Concrete 
Aggregate

Natural 
Aggregate 

Mineralogy

Recycled 
Concrete 
Aggregate 

Origin
Source 
Type

Natural Aggregate 
Mortar Bar 

Expansion in 
ASTM C1260 Test 

(14 d exp. %)

 
Aggregate 

Concrete Prism 
Expansion in 
ASTM C1293 

Test (1-year exp 
%)

Abs. 
Capacity of 
Recycled 
Concrete 
Aggregate 

(%)

Al-R
Mixed 

mineralogy 
gravel (CA)

Exposure 
block from 

Ontario, CA

Laboratory 
created

0.36 0.09 6.66

Be-R
Argillaceous 
limestone 

(CA)

Exposure 
block from 

Ontario, CA

Laboratory 
created

0.17 0.04 6.18

Po-R
Sandstone 

(CA)

Exposure 
block from 

Ontario, CA

Laboratory 
created

0.09 0.13 4.22

Sp-R
Greywacke 

(CA)

Exposure 
block from 

Ontario, CA

Laboratory 
created

0.46 0.22 7.78

Ca-R

Silicious 
river gravel 
(CA and 

FA)

Returned 
concrete 

stockpile at 
Oregon 

readymix 
facility

Stockpile
FA: 0.81                  
CA: 0.59

Unknown 9.32

St-R Unknown
ASR affected 

stairs in 
Wyoming

Field 
structure

Unknown Unknown 3.01

Op-R Uknown
ASR affected 
foundation 
in Wyoming

Field 
structure

Unknown Unknown 3.62

Source: 
http://www.utexas.edu/research/cmrg 



Effect of Crushing Procedures 
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Effect of Crushing Procedures 
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Effect of Crushing Procedures 
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Re-crushed RCA 
100% replacement  
OSU samples only 

 
Higher reactivity in re-crushed 
RCA samples 
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Effect of Crushing Procedures 
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• All aggregates but Po-R exhibit higher expansions using re-crushed 
• Po-R results may be due to characteristics of the original natural 

aggregates – presents low expansions in AMBT due to loss of 
reactive material during aggregate preparation 

0.00

0.10

0.20

0.30

0.40

0.50

0.60
E

xp
an

si
on

 (%
)

Mortar Mixtures By RCA Replacement Percentage and Aggregate 
Type

Crusher's Fines

Re-crushed

Expansion Limit

14 –day average expansions:  
 all laboratories 
 
25%, 50%, 100% RCA 
replacement levels 
 



Overall Reactivity Trends 

20 
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0.1
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0.4
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Recycled 
Concrete 
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Natural Aggregate 
Mortar Bar 

Expansion in 
ASTM C1260 Test 

(14 d exp. %)

Natural Aggregate 
Concrete Prism 

Expansion in ASTM 
C1293 Test (1-year exp 

%)

Al-R 0.36 0.09

Be-R 0.17 0.04

Po-R 0.09 0.13

Sp-R 0.46 0.22

Ca-R
FA: 0.81                  
CA: 0.59

Unknown

St-R Unknown Unknown

Op-R Unknown Unknown

14 –day average expansions:  
 all laboratories 
20% or 25%, 50%, 100% RCA replacement levels 
 
 



Overall Reactivity Trends 
St-R and Op-R aggregates 
14 –day average expansions: all laboratories 
20%, 50%, 100% RCA replacement levels 
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• St-R and Op-R RCAs do not follow the reactivity trend that higher 
RCA replacement levels produce higher expansions 
 

• May be due to age of RCA 
• Reactive components in aggregates may have been depleted. 
• Differences in reactivity between 20%, 50 and 100% may be 

within standard testing variation. 
 

• May be due to pessimum effect 
• Specific proportion of reactive material  corresponds to peak 

expansions 
• Higher or lower amounts of reactive material (compared to 

pessimum proportion) result in lower expansions 

 



Precision (comparing 4 laboratories)  
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• Current ASTM C1260/C1567 standards: 
• Multi-laboratory coefficient of variation limit: 15.2% 
• Within-laboratory coefficient of variation limit: 2.94% 

• This study:  Multi-laboratory coefficient of variation range 
• 3.3-27.6% 

• This Study:  Within-laboratory coefficient of variation range: 
• 0.91-26.7% 

 
• High material variability due to two-phase nature of particle and 

inconsistencies from crushing 
 

• Further work must be completed with a larger group of participants to 
determine precision limits when using RCA 

 
 



RCAs – ASR Mitigation Study 
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Recycled 
Concrete 
Aggregate

Natural 
Aggregate 

Mineralogy

Recycled 
Concrete 
Aggregate 

Origin
Source 
Type

Natural Aggregate 
Mortar Bar 

Expansion in 
ASTM C1260 Test 

(14 d exp. %)

 
Aggregate 

Concrete Prism 
Expansion in 
ASTM C1293 

Test (1-year exp 
%)

Abs. 
Capacity of 
Recycled 
Concrete 
Aggregate 

(%)

Jo-R

Mixed 
quartz/ 
chert/ 

feldspar sand 
(FA)

Exposure block 
from Austin, 

Tx

Laboratory 
created

0.64 0.59 9.55

Ca-R
Silicious river 
gravel (CA 
and FA)

Returned 
concrete 

stockpile at 
Oregon 

readymix 
facility

Stockpile
FA: 0.81                  
CA: 0.59

Unknown 9.32



Testing Matrix 
• Fly Ash replacement levels determined by Chemical Index Equation 

• Additional 10 – 20% 
• Ternary blends based on typical replacement levels of silica fume or 

metakaolin 
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Mixture Name
RCA 
Used

Replacement 
Level of RCA 

(%)

Portland Cement 
Content (% of 
Cementitious 

Materials)

Class F Fly Ash 
Content (% of 
Cementitious 

Materials)

Slag Content (% 
of Cementitious 

Materials)

Silica Fume 
Content (% of 
Cementitious 

Materials)

Metakaolin 
Content (% of 
Cementitious 

Materials)
Jo-R-100 Jo-R 100 100 - - - -

Jo-R-100-20FA Jo-R 100 80 20 - - -
Jo-R-100-30FA Jo-R 100 70 30 - - -
Jo-R-100-40FA Jo-R 100 60 40 - - -

Jo-R-100-25FA_10MK Jo-R 100 65 25 - - 10
Jo-R-100-25FA_5SF Jo-R 100 70 25 - 5 -

Ca-R-100 Ca-R 100 100 - - - -
Ca-R-100-40FA Ca-R 100 60 40 - - -
Ca-R-100-50FA Ca-R 100 50 50 - - -

Ca-R-100-25FA_10MK Ca-R 100 65 25 - - 10
Ca-R-100-25FA_5SF Ca-R 100 70 25 - 5 -

Ca-R-50 Ca-R 100 100 - - - -
Ca-R-50-35FA Ca-R 50 65 35 - - -
Ca-R-50-45FA Ca-R 50 55 45 - - -

Ca-R-50-25FA_10MK Ca-R 50 65 25 - - 10
Ca-R-25 Ca-R 100 100 - - - -

Ca-R-25-30FA Ca-R 25 70 30 - - -
Ca-R-25-40FA Ca-R 25 60 40 - - -

Ca-R-25-25FA_10MK Ca-R 25 65 25 - - 10
Ca-R-25-25FA_5SF Ca-R 25 70 25 - 5 -

Malvar and Lenke (2006) 



Results Ca-R 
100% RCA Replacement Level 
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• All blends decreased expansion 
• Metakaolin ternary blend performed best 
• At lower RCA replacement levels, less fly ash was required, 

and ternary blends reduced expansion at even greater levels 
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Results Jo-R 
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Results Jo-R 
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Results Jo-R 
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• Jo-R-20FA and Jo-R-25FA_5SF increased expansions 
• Testing underway to determine why 

• Metakaolin ternary blend performed best 
• Effectiveness of SCM may be limited by containment of 

reactive component of RCA in adhered mortar 
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Conclusions from Laboratory Research 

• ASTM C1260 and ASTM C1567 (AMBT) are capable of detecting aggregate 
reactivity 
• Current expansion criteria applicability cannot be determined without 

further testing 
• Increased amounts of crushing result in higher expansions 

• More crushing results in increased loss of adhered mortar and increase 
in amount of reactive original natural aggregate 
• Increase in amount of natural aggregate confirmed by Beauchemin and 

Fournier (2012) through image analysis of RCA particles 

• SCMs are capable of mitigating ASR in mortar bars made with RCA 
• Higher levels than used for natural aggregates may be necessary 
• Ternary blends containing metakaolin were most effective 

• COV limits stated in ASTM C1260 may need to be modified for use with 
RCA.  
• Formal interlaboratory study should be completed 
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State DOT Survey from this research 

27 responses so far… 
 
 
 
 
 
 
 
 

October 15, 2012 
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Alabama Idaho New York 

California Illinois Oklahoma 

Colorado  Louisianna  Oregon 

Delaware Minnesota South Carolina 

FHWA Research Mississippi Utah 

FHWA-TFHRC MTO  Washington 

Georgia Nevada 7 others… 

If you would still like your DOT to participate:   
http://gbml.oregonstate.edu/OTREC  

 

http://gbml.oregonstate.edu/OTREC
http://gbml.oregonstate.edu/OTREC


State DOT Survey Preliminary Results 

October 15, 2012 
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State DOT Survey Preliminary Results 

October 15, 2012 
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State DOT Survey Preliminary Results 

October 15, 2012 
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Further Work 
• Additional studies on a broader range of RCAs 
• Other deterioration mechanisms which could limit RCA durability 

• F/T 
• Corrosion and/or carbonation 
• Contaminates 
• Sulfate attack 

 
• Long-term data for correlation of results in C 1260 

• CPT, exposure blocks, field testing 
• Correlation of test methods  
• Applicability of expansion criteria 
 

• Further studies using microscopy to understand ASR and mitigation 
mechanisms in RCA concrete 

• Other dimensional stability 
• Long-term testing is a real key that is missing 
• Survey existing structures/concrete incorporating RCA 

• Critical mass does not exist 

• Much of the work has occurred outside the US 
• Missing in standards/specs guide documents 

34 

Exposure Blocks 

Concrete Prism 
Testing 

Source: www.understanding-
cement.com 



Pooled-Fund Study? 

• Feedback from several state DOTs showed interest in more 
work to understand how existing durability concerns in an RCA 
source can be characterized and mitigated when RCA included 
in new concrete 

• Several DOTs suggested a pooled-fund study 
• Discussions with FHWA, Gina Ahlstrom is very interested in the 

project and supportive of finding ways to perform further 
research 

• Feedback from the audience…. 

If you’re interested please contact me:  
jason.ideker@oregonstate.edu  

 

mailto:jason.ideker@oregonstate.edu


Questions 
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