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Introduction…
The state of Texas has been widely 

impacted by materials-related distress  
in various transportation structures. 
This distress has been mainly attrib-
uted to alkali-silica reaction (ASR) and 
delayed ettringite formation (DEF) and 
has been commonly referred to by the 
Texas Department of Transportation 
(TxDOT) as “premature concrete de-
terioration.” In response to these prob-
lems, TxDOT has aggressively sought 
to prevent cases of this distress in new 
concrete structures by implementing 
new ASR specifications (initially as 
TxDOT Special Provision to Item 
421). This specification, and updates 
since, requires contractors to address 
ASR through prescriptive options (e.g., 
20-35 percent Class F fly ash) or perfor-
mance testing. The research detailed in 
this summary report was performed in 
support of this new specification, with 
the intention of improving upon the 
initial specification efforts and increas-
ing the service life of transportation 

applications.
This summary report briefly sum-

marizes the overall findings of TxDOT 
Project 0-4085, Preventing ASR and 
DEF in New Concrete. This research 
project, conducted at the Concrete Du-
rability Center (CDC) at The University 
of Texas at Austin, took 4 ½ years, 
with an emphasis on both laboratory 
and field evaluations. A more detailed 
description of this study can be found 
in the report 0-4085-5.

What We Did…
Project Objectives

The main objectives and goals of this 
project can be summarized as follows:

Understand the underlying mecha-
nisms behind ASR and/or DEF

Review available test methods for 
aggregate reactivity and for preven-
tive measures and recommend test 
method(s) to prevent ASR and/or 
DEF in new concrete

Develop specification and guidelines 

1.

2.

3.

to prevent ASR and/or DEF in new 
concrete

Identify and implement strategies 
for preventing ASR and/or DEF, 
with emphasis on prudent use of 
supplementary cementing materials 
(SCMs)

Develop protocol for evaluating the 
cause, extent, and future potential for 
damage caused by ASR and/or DEF 
in existing concrete structures

Transfer knowledge and experience 
gained from this project to TxDOT 
practice to increase the service life 
of transportation structures 

What We Found…
Laboratory Testing Program
Alkali-Silica Reaction

A wide range of materials were 
evaluated in this project, including 
seventeen different reactive aggregates 
from Texas (and some from other 
parts of the U.S. and Canada), and a 
range of portland cements, supplemen-
tary cementing materials (SCMs), and 
lithium nitrate. A variety of laboratory 
test methods were performed, includ-
ing the American Society for Testing 
and Materials (ASTM) C 1260 (ac-
celerated mortar bar test) and ASTM 
C 1293 (concrete prism test). In addi-
tion, an outdoor exposure site, shown 
in Figure 1, was developed under this 
project to evaluate real-world behavior 
of concrete blocks exposed to climatic 
conditions in Austin, Texas.

Some of the main conclusions re-
garding ASR test methods include 
the following:

The concrete prism test (ASTM C 
1293) is, in general, the most ap-
propriate laboratory test method for 

4.

5.

6.

•
Figure 1 – Outdoor Exposure Site at the Concrete Durability 

Center  (CDC)
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predicting field performance. The test 
should be run for 1 year for testing ag-
gregates and 2 years for testing SCMs or 
lithium compounds, with an expansion 
limit of 0.04 percent.

The major drawback to ASTM C 1293 
is its long duration (1 or 2 years). Ef-
forts were made to accelerate this test 
by increasing the storage temperature 
from 100 °F to 140 °F. However, it has 
been shown that expansions at the higher 
temperatures are significantly reduced 
because of increased leaching, increased 
specimen drying, and potential changes in 
pore solution chemistry. In addition, the 
effects of non-reactive aggregates in this 
test were found to be dramatic in some 
cases. Specifically, some fine aggregates 
will yield vastly different expansions 
when tested under the two different 
temperature regimes, even though these 
aggregates meet the requirements for 
non-reactive under ASTM C 1293. Sig-
nificant work is in progress to elucidate 
the underlying mechanisms behind this 
confounding behavior.

One technical deficiency of ASTM C 1293 
is that it is not well-suited for determining 
the effects of cement alkalinity on expan-
sion, most likely because of leaching of 
alkalies during the course of the test. 
This downside of the test was highlighted 
when comparing concrete prism test data 
to exposure block data, where it was ob-
served that concrete containing a highly-
reactive aggregate from El Paso, Texas, 
and approximately 3.5 lbs/yd3 of Na

2
O

e
 

expanded and cracked in exposure blocks 
but showed essentially no expansion after 
2 years of testing in ASTM C 1293.  

The accelerated mortar bar test (ASTM 
C 1260), in most cases, is a reasonable 
indicator of aggregate reactivity or a 
reasonable means of assessing various 
mitigation measures. A 14-day expansion 
limit of 0.10 percent is recommended as it 
best relates to concrete prism data (1 year 
for aggregates, 2 years for SCMs).

One downside of ASTM C 1260 is that 
it tends to be overly severe when testing 
some aggregates, resulting in expansions 
exceeding the failure limit, even though 
these aggregates pass the concrete prism 
test and perform well in field applications. 
This trend has been well documented over 
the years, and for this reason, it is not 
recommended that the results of ASTM 
C 1260 be used by themselves alone to 
deem an aggregate as being reactive. If 
an aggregate fails this test, the results 
should be confirmed using the concrete 
prism test.

•

•

•

•

Several coarse aggregates in this study 
showed a trend opposite that just dis-
cussed.  Specifically, these aggregates 
passed ASTM C 1260 but failed ASTM C 
1293 and showed expansion and cracking 
in exposure blocks. This behavior is much 
less often documented in literature and is 
actually more relevant and important for 
this TxDOT-funded project. The reason 
for this enhanced relevance and impor-
tance is that the new TxDOT specification 
for ASR allows an aggregate to be deemed 
non-reactive based solely on ASTM C 
1260 results. Work is in progress at the 
Concrete Durability Center (CDC) to 
better understand the mechanisms respon-
sible for this behavior. One possibility is 
that the processing (crushing, grinding, 
washing) required to test coarse aggre-
gates in ASTM C 1260 may, in effect, 
wash away the reactive phases or alter the 
aggregate textural characteristics, thereby 
producing a test material that will show 
reduced expansion characteristics.  Work 
is now in progress, using the so-called 
Chinese Mortar Bar test, to determine if 
modifications to the ASTM C 1260 can be 
used to better identify reactive aggregates 
in a short-term testing regime.

The outdoor exposure site at the CDC has 
proved to be the best indicator of field 
performance of aggregates, SCMs, and 
lithium compounds. Although it is not 
practical to propose exposure block test-
ing as a standard test method, it has been 
shown that real concrete in real exposure 
conditions helps to shine light on available 
standard laboratory tests, and information 
gained from these blocks can ultimately 
be used to improve laboratory-based test 
methods. 

Various methods of preventing ASR in 
new concrete were evaluated in this project, 
and a range of viable options have been iden-
tified that serve this purpose. Some of the 
key findings regarding mitigation options 
for ASR are as follows:

All of the fly ashes studied and evaluated 
in this project were shown to be effective 
in controlling expansion caused by ASR, 
provided that sufficient dosages were 
used. Class F fly ashes, with CaO less than 
about 20 percent, tend to be more effective 
than higher CaO ashes, requiring less fly 
ash to suppress expansion. However, even 
fly ashes with CaO contents in excess of 
25 percent were found to be effective in 
suppressing expansion, but higher dosages 
were needed, in some cases up to 40 per-
cent (by mass of total cement). To reduce 
the required fly ash dosage, ternary blends 
containing fly ash plus either silica fume 

•

•

•

or ultra-fine fly ash, are quite effective.

Other SCMs, such as slag and metakaolin, 
were also found to be quite effective in 
suppressing ASR, again provided that 
sufficient dosages are used. The required 
amount of any SCM (or SCMs for ternary 
blends) will depend on the aggregate re-
activity, total alkali loading, and exposure 
conditions.

Reducing the alkali loading in plain 
concrete (without SCMs) can be an effec-
tive method of preventing ASR-induced 
expansion and cracking, but it has been 
shown that for highly-reactive aggregates, 
even low alkali loadings (e.g., 3.5 lbs/yd3) 
resulted in significant cracking in expo-
sure blocks. This is a key issue because 
standard laboratory tests, such as ASTM 
C 1293, were not able to identify this 
mixture as being reactive, and mixtures 
with such low alkali loadings meet the 
requirements of the current TxDOT ASR 
specification.

Lithium nitrate can be used to control ex-
pansion in new concrete, but it was found 
that some aggregates require substantially 
more lithium nitrate than the typical 100 
percent dosage (based on manufacturer’s 
recommended dosage of 0.55 gallons of 
30-percent lithium nitrate solution per 
pound of Na

2
O

e
 in mixture). Thus, a major 

finding of this project, as well as related 
research at the CDC, is that it is not pos-
sible to prescriptively select the amount 
of lithium needed to control ASR. Rather, 
one should rely on 2-year concrete prism 
data for determining the dosage of lithium 
needed for a given reactive aggregate.  

Delayed Ettringite Formation

Delayed ettringite formation is a less 
common, but potentially more damaging, 
cause of distress than ASR. There have been 
far fewer documented cases of DEF than of 
ASR, and prior to this project, there were 
no published cases in which DEF was the 
sole culprit in causing deterioration in an 
actual field structure. Significant progress 
was made in understanding how best to 
evaluate the potential for DEF in laboratory 
testing regimes and identifying means of 
preventing DEF through optimizing materi-
als, mixture proportions, and curing regimes. 
Some of the main findings related to DEF are 
highlighted below.

A comprehensive evaluation was per-
formed within this project that focused on 
testing methodologies for DEF. Most of the 
testing was performed using tests developed 
by either Kelham or Fu. These mortar tests 
were found to be effective in generating DEF 

•

•

•
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through high-temperature curing regimes, 
followed by subsequent storage conditions 
that promoted alkali leaching and acceler-
ated expansion. The tests tended to produce 
similar ultimate expansions, but the Fu test 
produced earlier expansions, most likely 
because of microcracking caused by the 
early severe drying cycles. Both tests were 
effective in evaluating critical temperature 
thresholds for triggering DEF and in identi-
fying and evaluating methods of preventing 
expansion, even when excessive tempera-
tures are encountered.

  
Concrete prisms and outdoor exposure 

blocks were also tested as part of this study, 
and it was shown that DEF can be triggered 
in similar fashions, specifically by expos-
ing specimens to high early temperatures, 
then storing them in conditions that either 
promote leaching or that trigger ASR, which 
then activates DEF as the pore solution pH 
drops. More work is needed to refine and 
ultimately develop standardized DEF tests, 
but it is hoped that the extensive work per-
formed under this project will serve as the 
basis for such tests.

  
This project evaluated which parameters 

have the most profound impact on DEF-
induced expansion and what means are 
available for preventing such distress in new 
concrete. Some of the key findings are briefly 
summarized below.

Preventing internal concrete temperatures 
from exceeding 158 °F is effective in 
preventing DEF. No mixtures suffered 
from excessive expansion or cracking 
when temperatures were kept below this 
threshold value. 

When mortar or concrete mixtures were 
subjected to temperatures in excess of 
158 °F, the incorporation of various SCMs 
was found to be effective in preventing 
subsequent DEF-induced expansion. Fly 
ash (Class F or Class C), slag, metakaolin, 
and ultra-fine fly ash were all found to be 
effective when used in sufficient quanti-
ties. Silica fume, however, was not found 
to be effective in the dosages evaluated 
in this project. A lithium nitrate-based 
admixture, typically used for protection 
against ASR, was also found to be effec-
tive in suppressing DEF-induced expan-
sion in heat-cured mortars.  

•

•

The Researchers  
Recommend…
Implementation of Key findings in 
TxDOT Specifications

Much of the work done under TxDOT 
Project 0-4085 was in support of Special 
Provision to Item 421, which was the first 
major effort to implement prescriptive and 
performance-based specifications for ASR 
(and to a lesser extent, DEF). The bulk of the 
research has shown that these specifications 
are both warranted and effective. Further, the 
findings of TxDOT Project 0-4085, coupled 
with ongoing research efforts within TxDOT, 
have helped to improve the initial Special 
Provision to Item 421 approach. As with any 
research, this project has also highlighted 
some aspects of the specifications that de-
serve further attention and improvement. 
Some of the main findings related to the 
previous and current TxDOT specifications 
include the following:

Some aggregates that pass ASTM C 1260 
and are thus deemed non-reactive may 
actually be reactive in concrete, and more 
work is needed to determine how many 
aggregates fall into to this classification. 
Research underway using the Chinese 
mortar bar test may prove to be quite use-
ful in addressing this concern. Conversely, 
another option might be to require that 
ASTM C 1293 be performed on all ag-
gregate sources in the state to determine 
which sources the mortar bar test provides 
incorrect results. These aggregates could 
then ultimately be tested for specifica-
tion compliance using different regimes 
(e.g., Chinese mortar bar test or ASTM C 
1293), or they could be dealt with using 
strictly prescriptive guidance (that is, as-
sume they are reactive and mitigate using 
SCMs, etc.).

The new ASR specification has been 
improved from a testing perspective by 
requiring that coarse and fine aggregates 
be tested separately, which is now in 
agreement with most other national and 
international specifications. Combin-
ing aggregates in an accelerated mortar 
bar test, as was required in the previ-
ous TxDOT specification, may result in 
unwanted side effects and may lead to 
issues related to pessimum effects, etc. 
This approach of testing fine and coarse 
aggregates separately also will provide a 
better long-term database for aggregates 
in our state and will help to isolate these 
results from data obtained testing combi-
nations of various materials.

•

•

Some highly reactive aggregates were 
found to result in substantial cracking in 
exposure blocks, even though the total 
alkali loading met the TxDOT maximum 
alkali loading requirement for plain con-
crete of 4 pcy of alkalies. More work is 
needed to determine how many aggregates 
in the state respond at such low alkali 
contents, and thought should be given to 
reducing the allowable alkali loading for 
such aggregates. Lowering the maximum 
allowable alkali loading for plain concrete 
in Texas would also help to spur the use 
of SCMs, which have other major ben-
efits, such as reduced heat of hydration, 
better sulfate resistance, and enhanced 
sustainability. 

Prior to the initiation of this research 
project, there were no TxDOT specifica-
tions aimed at preventing DEF in new 
concrete structures. However, the findings 
of this project were directly responsible 
for the implementation of new specifica-
tions intended to prevent DEF through 
prudent limits placed on internal concrete 
temperatures. Examples of these new 
specifications include:

Temperature limits have been placed on 
precast girder fabrication, with a maxi-
mum temperature of plain concrete set 
at 150 °F and SCM-containing concrete 
set at 170 °F.  

Temperature limits were placed on mass 
concrete placements, with a maximum 
temperature limit of 160 °F.

•

•
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Disclaimer

Research Supervisor: Kevin Folliard, Ph.D., (512) 232-3591 
email: folliard@mail.utexas.edu

TxDOT Project Director: Joseph Roche, P.E., Construction Division, (512) 506-5932   
email: jroche@dot.state.tx.us

TxDOT Research Engineer: Tom Yarbrough, P.E., Research and Technology Implementation Office,  
(512) 465-7403 
email: tyarbro@dot.state.tx.us

The research is documented in the following reports:

0-4085-1, Alkili-Silica Reaction and Delayed Ettringite Formation in Concrete: A Literature Review

0-4085-5, Preventing ASR/DEF in New Concrete: Final Report

To obtain copies of a report: CTR Library, Center for Transportation Research,  
(512) 232-3126, email: ctrlib@uts.cc.utexas.edu

This research was performed in cooperation with the Texas Department of Transportation and the Federal Highway Administration. 
The contents of this report reflect the views of the authors, who are responsible for the facts and accuracy of the data presented herein. The 
contents do not necessarily reflect the official view or policies of the FHWA or TxDOT. This report does not constitute a standard, specification, 
or regulation, nor is it intended for construction, bidding, or permit purposes. Trade names were used solely for information and not for product 
endorsement. The engineer in charge was  Kevin Folliard, Ph.D.

Your Involvement Is Welcome!

For More Details...
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