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Executive Summary

ASR is a global concrete durability problem with a complexity that continues to plague
Wyoming. Although a simple, expeditious way to identify reactive aggregate, cement, and an
appropriate mitigation measure does not exist; recent research shows promise of a week-long
test to evaluate combinations of coarse and fine aggregates. This proposed test has the
potential to replace the year-long concrete prism test.

Alkali silica reaction (ASR) is a significant problem in Cheyenne and other towns because of the
presence of reactive aggregates. Although an effective mitigation technique exists in the form
of adding effective fly ashes to concrete mix designs, not all fly ashes mitigate ASR in an equal
manner. WYDOT'’s only means of evaluating fly ash as a mitigating agent is utilizing ASTM C1567
along with the history of the fly ash and the aggregates. The autoclave test would be extended
to consider results of fly ashes combined with local aggregates. The overall goal is to provide a
single test that can combine aggregates, cement, and mitigating measures within a one week
time frame. Currently WYDOT ships fly ash from Texas to use as a mitigating. Finding locally
available sources will improve sustainability and use a waste product.

If suitable fly ash is not available, WYDOT specifies that contractors add lithium nitrate to
concrete design mixtures. The cost of this mitigation can be significant. The primary goal of this
project is cost savings by producing durable concrete with an extended service life.

Problem Statement and Background

Alkali-silica reaction (ASR) is a global concrete durability problem, and the reactivity of certain
aggregates has plagued the concrete around the world. Alkali-silica reaction (ASR) was first
recognized as a distinct concrete durability problem in California in 1940 by Stanton who
recognized that the reaction was dependent on the interaction of several factors including the
type of cement, the aggregate used in the concrete mixture, and the environmental exposure
conditions. Common reactive mineral types were found to include: opal, chalcedony,
cristobalite, tridymite, and cryptocrystalline quartz (Hobbs 1988). More recent work identifies
four ingredients that must be present in the concrete: reactive aggregate, sufficient alkali,
calcium hydroxide, and sufficient moisture (Rajabipour et al. 2015; Thomas 2007). Alkali
hydroxides in the concrete pore solution react with free silica in the aggregate, producing an
alkali-silica gel product. This gel readily absorbs water and expands; this can lead to cracking and
premature deterioration in concrete. The cyclic nature of the problem is illustrated in Figure 1
and examples are prevalent around the state as shown in Figure 2 and Figure 3. Sections of the
highway with large pop-outs are inherently unsafe and should be fixed using simple and cost-
effective measures.

The most widely accepted tests for evaluating ASR potential are the Accelerated Mortar Bar Test
(AMBT or ASTM C1260) and the Concrete Prism Test (CPT or ASTM C1293). Each of these test
methods are explained in detail in the following sections.
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Figure 1. Cyclic nature of ASR in concrete. Chemical breakdown of types of gel.
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Mortar bar test

In 1986, Oberholster and Davies developed a test in South Africa (Oberholster and Davies 1986)
that would eventually result in the ASTM C1260 test, formally adopted in 1994. The mortar bars
are stored in 1 N NaOH solution at 80°C to accelerate the reaction, and the water/cement ratio
is specified at 0.47. After casting, the bars are stored in a moist curing room for 24 hours. Then
an initial comparator reading is taken, after which the bars are immersed in tap water at 80°C
for 24 hours. The mortar bars are then placed in the NaOH solution at 80°C and measured
periodically over the next 14 days. According to ASTM C1260, 14 day expansions less than 0.1%
indicate an innocuous aggregate. Expansions greater than 0.2% indicate a highly reactive
aggregate, and expansions between 0.1% and 0.2% mean the aggregate is potentially reactive.
Some problems with ASTM C1260 test include false positives and false negatives. In some cases
ASR reactions are not determined using this test method. (Sommer et al. 2000; Folliard et al.
2006) In other cases due to the harshness of this test, aggregates that would perform well in
the field are discarded (Grattan-Bellew 2000; Lu 2000).



Figure 3. ASR damage on Interstate 80, east of Cheyenne a) general ASR ma‘\p cracking, b) pop-
outs combined with map cracking, and c) concrete failure between dowel bar retrofits is
attributed to ASR.

Concrete prism test (CPT)

The development of the concrete prism test (CPT) began in the 1950s and was motivated by the
failure of ASTM C227 to correctly identify both ASR and alkali-carbonate reactivity (ACR)
(Thomas et al. 2006). The test uses 3 x 3 x 11 %” prisms with a w/c ratio between 0.42 and 0.45,
a specific proportion of coarse and fine aggregate, and a cement content of 420 kg/m®. The
cement should have a total alkali content the cement is boosted by the addition of NaOH to the
mixture to yield a total alkali content of 1.25% by mass of the cement. An initial length
measurement is then taken and the prism is placed in a 100% RH environment at 100°F (38°C).
Unfortunately, this testing requires two years to evaluate a potential aggregate/fly ash
combination because of the possibility of slowly reacting gel.

This test considers both fine and coarse aggregate combinations at the same time, rather than
only one fraction as is done in mortar bar testing. Of the accelerated test methods, ASTM C1293
provides the best correlation with field performance and is therefore regarded as the most
authoritative accelerated test for reactivity (Cornell 2002). The disadvantage to this test is that
when evaluating the effectiveness of fly ash, the duration is two years because of the possibility
of slowly reacting ASR aggregates.

Concrete prism tests are preferable to accelerated mortar bar tests for the following reasons:



1. it combines actual coarse and fine aggregates rather than crushing coarse aggregate
into fine aggregate particle sizes;

2. it supplies a more realistic level of alkalies are provided rather than the unlimited source
of alkalis used in the AMBT;

3. itis subjected to 100% relative humidity rather than being submerged in solution; and

4. itisrun at 100 F which is closer to summer temperatures in Wyoming rather than 140 F.

Ultra-rapid concrete prism test (UR-CPT)

Recent work at the Universities of Alabama and Wyoming has provided insight into testing
concrete prisms using an autoclave method to accelerate aging in prisms. Good agreement
between the studies is an indication of the promise of this particular test method. The same
concrete prisms used in the CPT test are placed in an autoclave at a temperature of 271 F. This
method retains the advantages of the CPT test and reduces the duration considerably. A
summary of testing details are highlighted in Table 1.

Table 1. Summary of test methods presented above.

Test Method Advantages Disadvantages
Mortar bar test -Short duration -False positives and negatives
-Relatively simple procedure -High standard deviations
between laboratories
Concrete prism test -Combines coarse and fine aggregate -1 or 2 year duration
-Simple procedure
Ultra-rapid prism test | -Potential to eliminate the difficulties -Under development
that plague mortar bar testing -Limited data is available
-Relatively inexpensive

Aggregate reactivity in Central and Southern Wyoming

The original project was funded to answer the question of how reactive are the aggregates in
the big horn basin. There is a concern that unnecessary and expensive mitigation may occur due
to false positives from ASTM C1567 in the Big Horn Basin. Eight Wyoming aggregate sources
were selected for in-depth study of the ASR potential. After extensive testing, the UW research
team provided a graphical classification illustrated in Figure 4 with results tabulated in Table 2.
Reactivity is indicated by the size and color of the stars. For example, non-reactive pits are
identified with a green star. Clearly Harris and Devries Farm pits, represented by green stars, do
not need mitigation and this has reduced mitigation costs for WYDOT.

Field specimens were constructed as a method to provide real time performance and data will
be collected at appropriate intervals based on the age of specimens. At the start of the project,
the UW outdoor laboratory was one of five in the world and now 25 field exposure sites exist
(Warner and Ideker 2012).




Figure 4. Location of aggregate sources in Wyoming. Reactivity is indicated by colored stars.

Table 2. Aggregate abbreviations and locations

Aggregate Name Abbreviation WY Location Classification
Black Rock BR Powell MR
Devries Farm DFP Thermopolis NR
Goton GP Greybull MR/HR
Harris HP Cody NR
Knife River KR Cheyenne HR
Labarge LBG Worland MR
Lamax LX Basin MR
Worland WOR Worland MR

*NR=non-reactive, MR=moderately reactive, HR=highly reactive.

Ultra-accelerated autoclaved concrete prism test method

The proposed testing in this research accelerates concrete prism exposure time period by
combining moderate pressures and temperatures. Specimens are created, initially cured, and
then stored in an autoclave. This accelerated exposure provides results that could be available
within one week. Figure 5 illustrates the results of four aggregates and 1293 results (Giannini
and Folliard 2013). The correlation is very good.

Research on using autoclaving techniques is limited to those using the mortar bar tests (Grattan-
Bellew 1997; Duchesne and Berube 1992; Fournier et al. 1991). As a result the disadvantages of
the mortar bar test also apply to those research efforts. Extending the test method to evaluate
prisms that combine coarse and fine aggregates makes the test specimens more realistic and
other investigators show promising results (Giannini and Folliard 2013; Lui 2010; Lu et al. 2006)

Repeatability of any test method is necessary if this test method is to be considered on a larger
scale. After additional work, Wyoming and Alabama have tested the same aggregates and



obtained similar results for two sources of aggregates, as shown in Figure 6. That data indicates
promise of an ultra-accelerated test method to avoid the year-long delay in exposure time.

Preliminary results warrant evaluating and testing a larger number of aggregates. In addition,
results could be compared to outdoor exposure blocks that are approaching 8 years old. Also,
repeating the test procedure to combine coarse and fine aggregates fractions would match the
WYDOT specification. This constitutes Phase | of the proposed research plan.
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Figure 5. Preliminary results to compare CPT and autoclave test.
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Figure 6. Repeatability measurements between UW and UA in a) bar graph and b) scatter
plot.

Phase Il of this proposal considers the chemistry of fly-ashes that are available to Wyoming. The
quality and characteristics of fly ash vary widely based on the source of coal from which it is
produced. Coals from bituminous sources are generally lower in CaO than those produced from
subbituminous coals (Portland Cement Association 2002). A separate suite of tests to evaluate
the effectiveness of fly ash mitigation using the 2-year CPT test will become available in August
2017. This research project will also pair the fly ash combinations with selected aggregates to
determine the suitability of the autoclave test with fly ash.



This mitigation technique is sustainable because it uses a waste product to solve a current issue
with concrete produced in Wyoming. Furthermore, it reduces the need to use a costly
mitigating agent such as lithium.

Determination of frost action on field block specimens

Phase lll of this project will collect data at month intervals during the course of a year to isolate
if field block expansions are being exacerbated by freeze-thaw actions. Measured expansions
for Knife River aggregates in Texas and Wyoming are compared in Figure 7. As expected,
exposure blocks from the University of Texas expand more quickly. What is interesting to note
is that the Wyoming field block expansions catch up to those in Texas and in the case of boosted
specimens, they exceed those in Texas despite the colder climate in Wyoming. Measurements
will be taken at a more frequent interval to determine if they grow more quickly in winter
months.
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Figure 7. Comparison of average UW to UT field exposure expansion for KR - a) unboosted
(UBFS) and b) boosted (BFS).

Additional studies on Recycled Concrete Aggregates

Previous research at Wyoming and Oregon State shows that recycled concrete aggregate (RCA)
can be used to create durable concrete in new construction (Ideker, Tanner et al. 2012a, 2014).
When heavily damaged ASR concrete is removed from the field, it can be mixed with virgin
aggregates to create non-expansive, strong, and durable concrete. Wyoming has completed a
round robin study of accelerated mortar bar tests (AMBTSs) using recycled concrete aggregates
among eight laboratories. As expected, the standard deviation was higher by combining
recycled concrete aggregates with virgin aggregates.

A similar round robin study is proposed using the concrete prism test method. Although the
duration is one-year, the anticipated benefits outweigh the time frame. Matching funds will be
requested from the mountain plains consortium for this portion of the grant. In the event that
matching funds are not awarded, this fourth phase will be eliminated from the project. This
portion of the project adds sustainability to construction projects.

Project Summary

The overall project consists of four phases as described below.



Phase | — Evaluation of autoclave test using combined coarse and fine aggregates to compare
results of unmitigated combinations of the CPT.

e Task 1 —Secure, prepare, and cast specimens.

e Task 2 — Measure and synthesize results.

e Task 3 —Work with WYDOT to confirm autoclave procedure.

e Task 4 — Perform validation test results to confirm results are within a given set.

Phase Il — Additional ultra-rapid concrete prism testing that could permit WYDOT to evaluate
source specific fly ash sources.

e Task 1 —Secure aggregates, prepare raw materials, cast specimens.
e Task 2 — Measure and synthesize results.
e Task 3 — Compare results to ongoing CPT specimens.

Phase lll — Evaluation of frost action on field specimens.

e Task 1 - Measure field specimen expansions during winter and summer months.
e Task 2 — Compare and evaluate results.

Phase 1V — Determination of effectiveness of RCA in CPT testing and further validation using
the ultra-rapid concrete prism test.

e Task 1 — Collect RCA samples and prepare materials to ship.

e Task 2 — Perform testing of concrete prisms.

e Task 3 —Collect data from other laboratories.

e Task 4 — Synthesize and comment on variability of test results.

Work Schedule

This work would be completed by a PhD student with help from an MS student. A schedule for
the entire project duration is presented in Table 3.

Table 3. Proposed schedule for project
Year 2017 2018 2019 2020
Phase /
Quarter | 34|12 |3|4|1|2|3|4|1]|2]|3
P1-T1
P1-T2
P2-T1
P2-T2
P3-T1
P3-T2
P4-T1
P4-T2
P4-T3
P4-T4




Budget

The combined resources of WYDOT equipment available at UW create a project that builds on
previous work at UW and elsewhere. The UW portion of the proposal requested from RAC is
$142.9K. A detailed budget is provided in Table 4. With matching funds from MPC the total

project cost is 192.9K.

Table 4. Overall budget

uw WYDOT MPC
Senior Personnel Notes request budget request
Tanner 2 months of support $ 12,014 $ 7,208
Other Personnel
PhD student Three years of support $ 78,375 $ 15,675
Undergraduate assistant ($10/hour x 10 hours/week x 12 weeks)*9% $ 654 $ 654
Fringe Benefits
Senior personnel x 49.863% $ 5,990 $ 359
Operating Expenses
Materials and supplies Supplies for creating and testing specimens $ 5,000 $ 2,500
Shipping Shipping aggregate, cement and fly ash $ 2,500 $ 1,500
Technical support Machine shop time - 18 hours at $50 per hour $ 600 $ 300
Communications Report publication/printing/editing $ 600 $ 600
Laboratory fees Equipment maintenance and upgrading autoclaves $ 2,000 $ 550
Sample collection $ 10,000
Travel
Professional travel Trips to present findings at professional meetings $ 3,000 $ 2,000
Subtotal $110,733 [ $ 10,000 | $ 34,582
Indirect Costs
Direct costs x percentage  [20% of costs WYDOT and 44.5% for MPC $ 22,147 $ 15,389
Total RAC request WYDOT contribution $142,880 $ 49,970
Total project cost $192,850

Salary is included for 5 semesters of PhD work as well as tuition and fees. The Plis funded for
1.25 months on this grant and 0.75 months on the MPC grant. Shop support is provided at 12
hours at a nominal rate of $50 per hour.

Operating expenses include supplies and materials perform testing are included at 5K. Shipping
aggregate or transporting to other laboratories is estimated at $2.5K. Upgrading and

maintaining laboratory space is 2.55K. Finally, a nominal budget of 0.6K is allotted for
communications. The university overhead rate on the WYDOT portion of this project is 20%.
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