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Abstract 

 

Monitoring of an Outdoor Exposure Site: Evaluating Different 

Treatment Methods for Mitigation of Alkali-Silica Reactivity in 

Hardened Concrete 

 

 

Yadhira Aracely Resendez, M.S.E.  

The University of Texas at Austin, 2011 

 

Supervisor:  Kevin J. Folliard 

 

This research project, funded by the Federal Highway Administration, entails the 

construction of an outdoor exposure site in order to evaluate various methods for 

mitigating alkali-silica reaction (ASR) in hardened concrete. The exposure site, built at 

the Concrete Durability Center at the University of Texas at Austin J.J. Pickle Research 

campus, included a series of bridge deck, column and slab elements. The specimens were 

cast in 2008, allowed to expand to predetermined expansion levels and then treated with 

various mitigation measures, after which the specimens were monitored for expansion, 

humidity and deterioration.  
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Chapter 1: Objective and Background 

PROJECT OVERVIEW 

An outdoor exposure site at the University of  Texas at Austin to evaluate 

technologies aimed at mitigating alkali-silica reaction (ASR) in existing concrete 

structures was designed and constructed under two separate Federal Highway Projects 

(Project DTFH61-02-C-00097 and DTFH61-08-C-00035).  A portion of funding from 

Project DTFH61-02-C-00097 (known hereafter as The Lithium Implementation Program) 

was used to develop concrete specimens at the University of Texas at Austin with the 

objective of evaluating the efficacy of using lithium compounds for mitigating existing 

ASR-affected concrete.  In conjunction with this effort, the Lithium Implementation 

Program also encompassed a series of laboratory and field tests to evaluate the efficacy of 

lithium nitrate in preventing and mitigating ASR; these efforts will not be presented in 

this thesis.  In addition to the exposure site specimens cast for the Lithium 

Implementation Program, a large task under project DTFH61-08-C-00035 (known 

hereafter as The ASR BAA Program) encompassed casting concrete specimens with 

highly reactive aggregates to evaluate a series of mitigation technologies, such as 

electrochemical impregnation with lithium nitrate and several topical applications of 

different materials, to name a few.  In addition to the exposure site, the ASR BAA 

Program also included a comprehensive study evaluating the application non-destructive 

testing methods on ASR-affected concrete elements.  The NDT research is being 

conducted by researchers from Sherbrooke University and is complemented by 

petrographical work being performed at Laval University. However, the work described 

in this thesis herein will focus solely on research performed at the University of Texas at 

Austin, focusing on the efficacy of various mitigation measures on ASR-induced 



 2 

expansion and cracking.  This thesis also continues the work and effort by Anthony 

Bentivegna, whose thesis (Bentivegna, 2009) described the project from its inception 

through the early stages of treatment and monitoring. 

BACKGROUND 

Alkali-silica reaction is an internal chemical reaction that occurs in concrete when 

alkalis in the cement (from hydroxyl ions, chemical admixtures, or external sources) react 

with silica from certain aggregates, such as chert and quartzite.  A “reactive” aggregate 

would include aggregates that have a tendency to break down when exposed to the high 

alkaline environment in concrete.  This reaction leads to a formation of an “ASR gel”, 

which will form around and within the reactive aggregates.  In the presence of moisture, 

the hydrophilic gel will expand as it takes in water, creating expansive pressure in the 

concrete, and eventually results in cracking.  Figure 1 illustrates the necessary 

components for ASR to occur. Although this reaction may take several years to occur, 

there have been instances where ASR has taken place much more rapidly.   
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Figure 1.  Criteria Required for ASR to Occur. 

 Concrete pavements and structures affected by ASR will exhibit certain visual 

features, which will consist of cracking (“map” cracking or aligned cracking, depending 

on extent and orientation of restraint), expansion, surface discoloration, gel exudation 

(from cracks), and on occasion, pop-outs.  Figure 3 below shows a bridge element with 

visible surface discoloration due to ASR and a concrete pavement with map cracking 

visible along the joints. However, in order to confirm the presence of ASR in concrete, it 

is generally recommended to perform a detailed petrographic analysis on samples, or 

cores, taken from a deteriorated section of the structure or pavement.   
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Figure 2.  Surface discoloration visible on the surface of an ASR-affected column in 

Bangor, Maine (left); Map cracking visible near joints on a concrete 

pavement affected by ASR in Georgetown, Delaware (right).  

MITIGATION TECHNIQUES 

Several mitigation techniques have been in order to extend the service life of 

ASR-affected structures and pavements.  However, only mitigation methods of relevance 

to this thesis will be mentioned.  

Treating the Symptom 

Symptoms of ASR generally include cracking, expansion, and dislocation of 

structural members; mitigation measures that aim to address these symptoms will 

generally have little or no effect on addressing the root cause of the distress.  For 

example, techniques such as crack-filling (as shown in Figure 3 below), may help in 

improving the performance of the structure temporarily, but the distress is likely to 

continue.  
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Figure 3. Application of crack sealant on an ASR-affected bridge structure in Alabama. 

The structure was later treated with a topical silane application.   

Treating the Cause 

As mentioned previously, the three conditions that must be present in concrete for 

ASR to occur are sufficient alkalis, sufficient reactive silica from aggregates, and 

sufficient moisture to maintain the reaction.  As such, in order to mitigate the reaction by 

attacking the underlying causes, it is necessary to reduce or eliminate one of the three 

aforementioned conditions.  
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The availability of moisture and specific exposure conditions are important when 

considering the extent of damage and potential for future expansion and cracking in a 

field structure.  ASR will tend to significantly slow down or cease when the internal 

humidity in a structure is below 80-85 percent (Pedneault, 1996).  Methods of reducing 

the amount of moisture available to continue the distress include applying 

coatings/sealants and improving drainage in and/or around the affected structure.  

The reaction can also be hindered by chemically altering the environment of the 

reaction.  Lithium compounds, such as lithium nitrate (LiNO3) and lithium carbonate 

(Li2CO3) have been shown to reduce or prevent expansion caused by ASR in laboratory 

tests. Figure 4 below shows a bridge column undergoing an electrochemical treatment 

using lithium nitrate as a means of mitigating ASR. In addition, injecting carbon dioxide 

(CO2) into ASR-affected concrete could reduce the pH content and carbonate the ASR 

gel, but this is not recommended for reinforced concrete elements or structures that are 

heavily damaged (and this, the CO2 injection could cause more harm than good).  
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Figure 4. Electrochemical treatment using lithium nitrate of an ASR-affected column in 

Houston.  

RESEARCH OBJECTIVES 

Although much research has been conducted to further understand the 

mechanisms of ASR and how key factors can affect cracking and expansion, 

unfortunately there are still missing gaps of our understanding of the mechanisms of ASR 

and proper mitigation methods for extending the service life of ASR-affected pavements 

and structures.  Although several experimental field trials have been implemented across 

the country in an effort to mitigate or extend the life of ASR-affected pavements and 

structures, two common setbacks encountered included the lack of information about the 

history of the affected structure (concrete mix information, construction records, etc.) and 
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limitations in monitoring “real-world” structures for an extensive period of time.  As a 

result, the lack of information and sufficient data after treatment poses difficulty in 

accurately determining the effectiveness of treatments or mitigation measures.  Therefore, 

this led to the decision to develop a new exposure site, with the focus of treating concrete 

structures affected by ASR and to perhaps answer the question: What are the best 

mitigation measures for ASR-affected structures? 

Under this research, primary focus was placed on evaluating: 

 Application of coating and sealers to reduce the internal relative humidity,  

 Application of lithium by topical application, vacuum impregnation and 

electrochemical means, 

 Application of external confinement (FRP wraps), and 

 Application of overlays/barrier systems. 
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Chapter 2: Development of Site and Monitoring Procedure 

SITE SELECTION 

Much of the information in this chapter was previously reported by Bentivegna 

(2009).  A condensed synopsis version the site design, development, and construction is 

provided herein.  

The outdoor exposure site is located at the University of Texas Pickle Research 

Campus Concrete Durability Center in Austin, Texas. The site, located in the research 

campus, can be seen in an aerial image in Figure 5. The green square in Figure 5 

encompasses the location of the Concrete Durability Center. Figure 6 shows the outdoor 

exposure site shortly after its completion.  

 

 

 

Figure 5.Aerial View of Exposure Site Location at the J.J. Pickle Research Campus 

Concrete Durability Center. 
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Figure 6. View of outdoor exposure site shortly after final placement. 
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SITE CONSTRUCTION 

Three types of structural specimens were selected in order to represent 

transportation elements in the real world: 1) unreinforced concrete pavement slabs, 2) 

circular columns, and 3) bridge deck slabs.  

Slabs 

Sixty-four slabs were cast in total – 32 slabs were constructed using a highly 

reactive fine aggregate (RFA) from El Paso, Texas and the remaining slabs were 

constructed with a highly reactive coarse aggregate (RCA) from Bernalillo, New Mexico. 

In addition, two non-reactive slabs were also cast as controls, and the mix design for the 

control slabs included a dose of lithium nitrate at 200% (0.84 gallons/yd
3
) of the 

manufacturer’s recommended dose in order to prevent ASR.  The dimensions of all the 

slabs are 0.91 x 0.91 m (3 x 3 ft.), with a thickness of 0.29 m (11.25 in). The formwork 

used can be seen in Figure 7. An epoxy-based paint sealant was applied on the sides of 

the slabs to prevent water infiltration; therefore, all treatments on the slabs were applied 

to the top surface that was not painted with the epoxy paint. Figure 8 shows a view of the 

concrete slabs in the outdoor exposure site after construction. 
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Figure 7. Wood formwork for pavement slab construction (Bentivegna, 2009).  

 

Figure 8.Overview of finished concrete slab specimens. 
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Columns 

A total of 36 spirally reinforced concrete columns were constructed to simulate 

column structures commonly found in bridge elements.  The dimensions of the columns 

are 0.61 m (2 ft.) in diameter and 1.22 m (4 ft.) in height. Two types of reinforcement, 

longitudinal and spiral, were used in the construction; the longitudinal reinforcement 

consists of 7 No. 22 Grade 420 MPa ( No. 7 Grade 60 ksi)  and the spiral reinforcement 

consist of No. 10 Grade 420 MPa (No. 3 Grade 60 ksi) set at a 152 mm (6 in.) offset.  

The reinforcement and strain embedment gauges for the columns can be seen in Figure 9. 

Similar to the constructed slabs, half of the columns were constructed with the reactive 

fine aggregate and the other half were constructed with the reactive coarse aggregate used 

in the study (RFA and RCA). In addition, two columns were constructed without 

reinforcement to evaluate the effect of reinforcement on cracking and expansion. Figure 

10 shows a column specimen at the site after construction. 

 

 

Figure 9. Inside view of a column specimen prior to concrete placement. 
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Figure 10. Finished column specimen. 

Bridge Decks 

A total of 60 bridge deck elements were constructed on the site, with 29 decks 

constructed using the reactive fine aggregate, 29 constructed with the reactive coarse 

aggregate, and two non-reactive slabs using the similar preventative mix design using 

lithium nitrate as the slabs. The dimensions of the bridge decks are 0.91 x 0.91 m (3 x 3 

ft.) squares, with a thickness of 0.24 m (9.25 in.), and can be seen in Figure 11. The slabs 

were designed with two mats of reinforcement [No. 16 Grade 420 MPa (No. 5 Grade 60 

ksi)], spaced at 150 mm (6 in.) in the transverse direction and 250 mm (10 in.) in the 

longitudinal direction. Figure 12 shows the details of the formwork prior to placement. 

The finished specimens were supported on top of large wooden timbers to simulate how 

bridge decks are “open” to the elements on its underside, and can be seen in Figure 13.    
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Figure 11. Formwork layout for bridge deck specimens showing the wooden timbers, 

wooden truss and steel pins connecting the trusses to the timbers 

(Bentivegna, 2009).  

 

Figure 12. Bridge deck formwork, showing the bottom plywood and side formwork 

(Bentivegna, 2009).  
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Figure 13. View of finished bridge deck specimen. 
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Figure 14. Layout of Exposure Site. The figures in orange illustrate the specimens constructed with the reactive fine aggregate and the 

figures in grey illustrate the specimens constructed with the reactive coarse aggregate. 
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MONITORING  

Expansion Measurements 

During construction, steel pins were cast into each slab, column and bridge deck 

specimens to monitor the specimens for expansion. The formwork for the slab and bridge 

deck specimens included holes to incorporate twelve bolts on two sides of the specimens, 

and the exposed bolt surface had a hole drilled using a special drill bit in order to use a 

demountable mechanical strain gage (DEMEC) for measurements.  In order to measure 

the expansion at the surface of the bridge deck and slab specimens, a special “jig” was 

constructed to hold four DEMEC bolts, which were carefully inserted into the surface 

after the casting and finishing of the specimens. The columns had a total of four 

expansion points – two pins on the north side and two pins on the south side. Figure 15 

below shows the location of the DEMEC expansion points on a typical slab specimen at 

the site, and Figure 16 shows the location of the expansion points on a typical column 

specimen at the site. 

 

 

Figure 15. DEMEC bolt locations for slab specimens (located in same areas for bridge 

deck specimens). 
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Figure 16. Location of “North” DEMEC Bolts on Columns (Second Set Located on 

South Side). 

Expansion measurements were taken using a Mayes Gage comparator; the 

comparator is shown in Figure 17. This comparator is able to take accurate strain 

measurements between two points on a structure within 0.00127 mm (0.00005 in.). The 

points on the comparator were able to fit snugly into the small holes that were drilled into 

the surface of the bolts; a picture of a researcher taking measurements on a bridge deck 

specimen can be seen in Figure 18. At the beginning of this project, Bentivegna (2009) 

reported that measurements were taken more frequently in order to establish baseline 

data; however, as the project progressed, measurements were taken twice a year. In order 

to obtain reliable data during the progression of the project, measurements were taken on 
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days with overcast skies and temperatures between 21° and 24° Celsius (70° and 76° 

Fahrenheit).  

 

 

Figure 17. Mayes Gage Comparator used to take expansion measurements.  
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Figure 18.Expansion measurements taken on bridge deck specimen (Bentivegna, 2009). 

Circumference Measurements 

In addition to expansion measurements taken on the column specimens, a 

stainless steel pi (π) tape (as shown in Figure 19) was used to measure the circumference 

of the columns. This device was used to measure the circumferential expansion of the 

concrete, and measurements were accurate up to ± 0.03 mm (± 0.001 in.). In order for 

measurements to be taken at the exact location each time, it was determined to take 

measurements 508 mm (20 in.) from the top of the column. The distance was marked 

using a builders square on all four cardinal directions of the column. When measurements 

were taken, an assistant would help hold the tape at the marked locations while the reader 

would note measurements on the tape.  
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Figure 19.Pi Tape® Device used for circumference measurements. 

The measurements were read on a vernier scale, and the circumference was 

calculated by multiplying the pi tape reading by pi (π).  Figure 20 shows a picture of the 

measuring gage seen on the pi tape. Circumference measurements on a column specimen 

can be seen in Figure 21. 

 

 

Figure 20. Example of circumference measurement reading using a vernier scale (Source: 

PiTape Corporation). 
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Figure 21.Circumference measurement taken on a column specimen (Bentivegna, 2009). 

Relative Humidity Measurements 

Internal relative humidity and temperature measurements were taken on selected 

specimens to assess the change in internal humidity in relation to time and treatment. 

Measurements were taken by using Vaisala® humidity probes and a Vaisala® data 

reader. A humidity probe and a data reader for conducting humidity measurements can be 

seen in Figure 22. 



 24 

 

Figure 22. Vaisala humidity probe (left); Humidity probe inserted into data reader, which 

reads humidity and temperature. 

Holes were drilled at three different depths from the surface of the selected 

specimens – 25 mm (1 in.), 50.8 mm (2 in.), and 76.2 mm (3 in.). The holes were then 

cleaned out by using compressed air to ensure no residue remained in the holes. Plastic 

sleeves were then inserted into the holes using a two-part epoxy and left to dry until 

cured. Once set, rubber plugs were placed inside the tubes and a waterproof silicone was 

applied around the base of the sleeve and at the top of the sleeve to prevent water from 

infiltrating into the holes. The plastic sleeves and rubber plugs used can be seen in Figure 

23. 
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Figure 23. Plastic sleeves inserted into drilled holes with a two-part epoxy (left); rubber 

plugs which were used to be inserted into sleeves (right).  

Prior to taking measurements, the rubber plugs were removed and the humidity 

probes were inserted into the sleeves. Orange protective covers were used to cover the 

probe set up and left to equilibrate for one hour. The humidity probe cable was inserted 

into a RG45 connection located in the data reader, which then displayed the internal 

humidity and temperature level inside the specimen at that specific depth. Measurements 

were ideally collected during a “dry period”, when no precipitation had occurred three 

days prior to measurements. Figure 24 shows the humidity hole locations on a bridge 

deck and column specimen at three different depths. The protective covers used to cover 

the probe during the equilibration period can be seen in Figure 25. 
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Figure 24.Humidity sleeve locations on a bridge deck specimen at various depths (left); 

humidity sleeve locations on a column at various depths (right). 

 

Figure 25. Protective covers placed over humidity measurement set-up in the field.  
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Chapter 3: Treatment Regime for Outdoor Exposure Site 

A series of treatment methods and materials were evaluated at the beginning of 

the project to determine the most practical and effective mitigation method for ASR-

affected structures. As mentioned previously, this research focused primarily on f the 

following treatment strategies:  

 Application of coating and sealers to reduce the internal relative humidity,  

 Application of lithium by topical application, vacuum impregnation and 

electrochemical means, 

 Application of external confinement (FRP wraps), and 

 Application of overlays/barrier systems. 

Table 1 below summarizes the treatment methods and materials that were selected 

for implementation at the exposure site. This chapter will provide a brief overview of 

each treatment and details of the treatment implementation as well. Moreover, 

information on some of the treatments implemented at the beginning of the program has 

been published under Bentivegna’s thesis and will only be briefly mentioned herein.  
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Table 1. Treatment regime implemented on the outdoor exposure site. 

Treatment Details Elements Selected 

Electrochemical impregnation with lithium nitrate (LiNO3) Columns, bridge decks 

Vacuum impregnation with lithium nitrate (LiNO3) Bridge decks 

Repeated anti-icing salt application using potassium acetate (KAc) Slabs 

Repeated anti-icing salt application using potassium acetate (KAc) 

with topical lithium treatment 

Slabs 

Repeated anti-icing salt application using sodium chloride (NaCl) Bridge decks, slabs 

Repeated anti-icing salt application using sodium chloride (NaCl) 

with topical lithium treatment 

Bridge decks, slabs 

Sealer/coating – 40% silane Columns, bridge decks, slabs 

Sealer/coating – 100% silane Columns, bridge decks, slabs 

Topical lithium, one application Bridge decks, slabs 

Topical lithium, weekly application Bridge decks, columns, slabs 

Carbon-fiber reinforced polymer wraps (once wrap) Columns 

Carbon fiber reinforced polymer wraps (two wraps) Columns 

Carbon-fiber reinforced polymer wraps (four wraps) Columns 

Asphalt overlay (2-inch thick) Bridge decks, slabs 

Unbonded concrete overlay (6-inch thick) Bridge decks, slabs 

Eliminator membrane Columns 

Bridgemaster polymer overlay Bridge decks 
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ELECTROCHEMICAL IMPREGNATION WITH LITHIUM NITRATE (LINO3) 

Research under the Lithium Implementation Program had concluded that although 

lithium nitrate has shown promise in preventing or suppressing ASR-expansion in new 

concrete with certain aggregates, there is very little evidence that using lithium as a 

means to mitigate ASR in hardened concrete has been successful due to the lack of 

penetration into the concrete. However, a more aggressive means of “pushing” lithium 

into the concrete by electrochemical means has shown to penetrate much more 

successfully into concrete. Via electrochemical impregnation, lithium nitrate is driven 

into the concrete by connecting an anode (which in this case would be the lithium nitrate 

solution) to a cathode (which in this case would be the reinforcing steel in the bridge deck 

and column specimens) and driving the lithium nitrate solution into the columns using a 

constant voltage over the course of a few weeks.  

A total of four bridge decks (RFA and RCA specimens) and four column 

specimens (RFA specimens) were chosen for electrochemical treatment with LiNO3 at 

two different LiNO3 concentrations and at different durations. Figures 26 and 27 shows a 

bridge deck and column specimen undergoing the electrochemical treatment at the site. 

Prior to treatment, the selected specimens had reached an expansion value of 0.1 percent. 

More detailed information about the construction of the electrochemical treatment set-up 

can be found in Bentivegna’s thesis (2009). Tables 2 and 3 below detail the treatment 

regime.  
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Table 2. Electrochemical treatment details for the column specimens (Bentivegna, 2009). 

Element No./Reactive Aggregate 
LiNO3 

Concentration (%) Current (Amps) 
Duration 
(Weeks) 

Column 4 – Reactive Fine 
Aggregate (RFA) 30 3.0 4 

Column 5 – Reactive Fine 
Aggregate (RFA) 30 2.0 4 

Column 9 – Reactive Fine 
Aggregate (RFA) 30 3.0 8 

Column 10 – Reactive Fine 
Aggregate (RFA) 30 2.0 8 

 

Table 3. Electrochemical treatment details for the bridge deck specimens. 

Element No./Reactive Aggregate 
LiNO3 

Concentration (%) Current (Amps) 
Duration 
(Weeks) 

Deck 13 – Reactive Fine 
Aggregate (RFA) 15 1.0 8 

Deck 14 – Reactive Fine 
Aggregate (RFA) 15 1.0 8 

Deck 23 – Reactive Fine 
Aggregate (RFA) 30 1.0 8 

Deck 24 – Reactive Fine 
Aggregate (RFA) 30 1.0 8 

Deck 33 – Reactive Coarse 
Aggregate (RCA) 15 1.0 8 

Deck 34 – Reactive Coarse 
Aggregate (RCA) 15 1.0 8 

Deck 43 – Reactive Coarse 
Aggregate (RCA) 30 1.0 8 

Column 44 – Reactive Coarse 
Aggregate (RCA) 30 1.0 8 
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Figure 26. Electrochemical treatment on bridge deck specimen (Bentivegna, 2009). 

 

 

Figure 27. Electrochemical treatment on column specimens (Bentivegna, 2009). 
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Cores were extracted using a coring rig (as seen in Figure 28) from the treated 

specimens and tested to determine the penetration depth of the lithium nitrate. Figure 28 

shows the location of the core extraction in one of the treated bridge deck specimens. 

 

 

 

Figure 28. Core extraction from an electrochemical column specimen. 
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Figure 29. Core extraction from a bridge deck specimen. 

VACUUM IMPREGNATION WITH LITHIUM NITRATE 

Selected bridge decks and columns were treated with lithium nitrate using a 

vacuum impregnation method. Steel plates were manufactured for the bridge deck and 

column specimens for this treatment; the bridge deck plates measured 0.81 m x 0.81 m 

(32 in. x 32 in.) and the column plate had a curvature that measured 0.61 m (24 in.). The 

steel plate used for the treatments can be seen in Figure 30.  In order to provide a good 

seal between the concrete and the plates, vacuum grease was applied continuously around 

both the inner and outer rubber seals of the plates. Once the vacuum treatment was 

started, the solution would be vacuumed into the specimens for one hour. The treatment 

setup on a bridge deck and column specimen, respectively, can be seen in Figures 31 and 

32 below. Additional details about the treatment regime can be found in Bentivegna’s 

thesis (2009).  
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Figure 30. Underside of vacuum impregnation plate for the bridge deck specimens 

(Bentivegna, 2009). 
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Figure 31. Vacuum impregnation set-up on a bridge deck specimen (Bentivegna, 2009). 

 

 

Figure 32. Vacuum impregnation set-up on a column specimen (Bentivegna, 2009).  

TOPICAL TREATMENT – LITHIUM NITRATE 

Topical applications of LiNO3 were applied using a handheld sprayer at the 

manufacturer’s suggested application rate of 0.37 L/m² (3 gal/1000 ft²).  Two bridge 

decks and four slabs received one topical treatment of lithium nitrate, while four bridge 

decks, two columns and four slabs received weekly applications for a certain number of 

weeks. The treatment details are summarized in the Table 4 below.  
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Table 4. Topical Lithium Nitrate Treatment Details. 

Element Type of Application 

Bridge Deck 15, 16 – Reactive Fine Aggregate (RFA) Weekly, 36 total applications 

Bridge Deck 17– Reactive Fine Aggregate (RFA) One application 

Bridge Deck 40– Reactive Coarse Aggregate (RCA) One application 

Bridge Deck 50, 60 -  Reactive Coarse Aggregate (RCA) Weekly, 20 total applications 

Column 6– Reactive Fine Aggregate (RFA) Weekly, 36 total applications 

Column 26-  Reactive Coarse Aggregate (RCA) Weekly, 20 total applications 

Slab 3, 4 – Reactive Fine Aggregate (RFA) One application 

Slab 12, 13 – Reactive Fine Aggregate (RFA) Weekly, 36 total applications 

Slab 41, 43-  Reactive Coarse Aggregate (RCA) One application 

Slab 42, 54-  Reactive Coarse Aggregate (RCA) Weekly, 20 total applications 

 

SILANE APPLICATIONS 

 Silanes and similar waterproofing materials are commonly used in structures and 

pavements with the goal of reduce the penetration of water and external chlorides into 

concrete. There has also been some limited research, in the laboratory and in the field, on 

using silanes, siloxanes, and similar materials to treat ASR-affected structures, with the 

main goal being the desire to reduce internal relative humidity below the value typically 

needed to sustain ASR (Pedneault, 1996). The objective in these types of treatments is to 

prohibit the ingress of moisture into the concrete structure, and yet to allow internal 

moisture to escape – thereby producing a “drying” effect. Generally, the performance of 

silanes is more effective when the material is applied on dry concrete (not after a rainfall, 

for example), and when the concrete does not have very large crack widths.  
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Two types of silane products were used on a series of bridge decks, columns, and 

slabs. A 40% water-based silane and a 100% water-based silane were applied at a rate of 

125 ft²/gal to a total of eight bridge decks, four columns, and eight slabs. All the silane 

elements were monitored for internal humidity and temperature, as well as expansion. 

The treatment details are summarized in Table 5 below:  
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Table 5. Topical Silane Treatment Details 

Element Type of Application 

Bridge Deck 9, 10 – Reactive Fine Aggregate (RFA) 40% Silane 

Bridge Deck 18, 19 – Reactive Fine Aggregate (RFA) 100% Silane 

Bridge Deck 47, 48 – Reactive Coarse Aggregate (RCA) 40% Silane 

Bridge Deck 49, 59 -  Reactive Coarse Aggregate (RCA) 100% Silane 

Column 14, 15 – Reactive Fine Aggregate (RFA) 40% Silane 

Column 16, 17 -  Reactive Coarse Aggregate (RCA) 100% Silane 

Slab 15, 16 – Reactive Fine Aggregate (RFA) 40% Silane 

Slab 6, 7 – Reactive Fine Aggregate (RFA) 100% Silane 

Slab 50, 53 -  Reactive Coarse Aggregate (RCA) 40% Silane 

Slab 39, 64 -  Reactive Coarse Aggregate (RCA) 100% Silane 

 

ELIMINATOR® AND BRIDGEMASTER® TREATMENTS 

Two types of overlay products were evaluated on select bridge deck specimens, 

Eliminator® and BridgeMaster® (Stirling Lloyd). Eliminator® is a two-layer 

waterproofing membrane which is placed on the existing structure prior to overlay.  

BridgeMaster® is a three-in-one polymer overlay, which encompasses a fast curing 

methyl methacrylate resin, an aggregate surface, and a sealer. A total of eight bridge 

decks (four RFA and four RCA decks) were treated using Eliminator®.  Of these decks, 

half were overlaid with concrete and the other half were overlaid with asphalt. The 

Eliminator® column received a fine quartz sand coating. Two bridge decks (RCA) were 

treated with the BridgeMaster® system. Figure 33 illustrates which bridge decks were 

treated with the overlays.  
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Figure 33. Overlay treatments for bridge deck specimens. The squares in orange represent 

the bridge decks constructed with the reactive fine aggregate and the squares 

in grey represent the bridge decks constructed with the reactive coarse 

aggregate. 

The bridge decks and columns treated with the Eliminator® and BridgeMaster® 

systems were first cleaned and sandblasted to ensure good bonding between the surface 

and the overlay. After the specimens were cleaned, the first epoxy material was applied to 

the specimens. Figure 34 shows the process of cleaning and applying the epoxy to the 

selected specimens.  

Jobe

Placitas

Eliminator BridgeMaster



 40 

 

Figure 34. Surface preparation and epoxy application for decks and columns receiving 

Eliminator® treatment. 

As seen in Figure 35, the first layer of the overlay was applied and finished by 

hand. The specimens were then sprayed with the second layer of the overlay by hand, as 

can be seen in Figure 36. Once the two layers had set, a tack coat was applied by hand on 

the bridge decks that were going to receive asphalt overlay (see Figure 37).  
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Figure 35. Application of Eliminator®product (first layer). 

 

Figure 36. Application of Eliminator product (second layer). 
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Figure 37. Application of tack coat for asphalt overlays after application of Eliminator®.  

The bridge decks that received the BridgeMaster® overlay were first prepared by 

taping up the sides of the deck near the surface with tape. The BridgeMaster® product 

was then applied by hand, as seen in Figure 38. The next step was the application of a 

small-sized coarse aggregate on the surface, which would serve as a friction surface in a 

real world application (see Figure 39). Finally, the surface was brushed off by hand to 

remove any excess aggregate (see Figure 40). The final product can be seen in Figure 41.  
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Figure 38. Application of BridgeMaster® product. 

 

Figure 39. Application of BridgeMaster® product and aggregate on surface. 
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Figure 40. Brushing off excess aggregate from decks treated with BridgeMaster®. 

 

 

Figure 41. Close-up of BridgeMaster® treatment. 
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ASPHALT CEMENT CONCRETE OVERLAYS 

In June 2009, 50-mm (2-in.) thick asphalt cement concrete overlays were placed 

on four bridge deck and four pavement slab specimens – two for each aggregate type (for 

conciseness, the term “asphalt” will be used for the remainder of this thesis).  The bridge 

deck overlays were installed on top of the Eliminator® treated specimens, and the 

pavement slab overlays were installed directly over the existing concrete.  In addition, a 

25-mm   (1-in.) thick asphalt layer was also placed on four pavement slab specimens (2 

for each aggregate type) as a bond-breaking layer for the unbonded concrete overlays.  

Figure 42 shows the formwork constructed on a bridge deck specimen prior to the asphalt 

overlay. 

All of the asphalt was delivered and placed by UT-Austin Facilities personnel. In 

some cases, the asphalt was reheated to aid compaction efforts.  The material was hand 

compacted and has remained in good condition.  Figures 43 and 44 show the placement 

and compaction of the asphalt material on the bridge deck specimens. The final product 

can be seen in Figure 45.  
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Figure 42. Formwork for 50-mm (2-in.) thick asphalt overlay.  

 

Figure 43. Placement of asphalt in bridge deck formwork. 
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Figure 44. Manual compaction of asphalt overlays. 

 

 

Figure 45. View of completed asphalt overlay on Eliminator® surface. 
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PORTLAND CEMENT CONCRETE OVERLAYS 

A 50-mm (2-in.) bonded concrete overlay was constructed on top of four bridge 

deck specimens that were treated with the Eliminator® product (two RFA and two RCA 

decks). In addition, four slab specimens received a 150-mm (6-in.) unbonded concrete 

overlay (two RFA and two RCA slabs). New steel pins with DEMEC points were 

installed at the time of placement so that top surface expansion can be monitored. Figure 

46 shows the formwork setup, including the jig that would place the new expansion pins, 

for the selected bridge deck specimens. Prior to the overlays, the surface of the existing 

slab was pre-wet with water (see Figure 47).  The overlays were installed in the first 

week of June 2009 using a non-reactive concrete mixture utilizing reduced cement 

content [307 kg/m³ (517 lb/yd³)] and non-reactive aggregates.  The placement of the 

overlays is shown in Figure 48. Curing activities and the final product can be seen in 

Figures 49 and 50.  

 

 

Figure 46. Formwork for unbonded concrete overlays on RCA bridge decks.   The jigs 

for the DEMECs were removed for placement and then reinstalled prior to 

initial set of the concrete. 
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Figure 47. The top of the specimens were pre-wet with a water spray prior to placement 

of concrete overlay. 

 

Figure 48. Floating and compacting the fresh concrete. 
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Figure 49. The overlays were wet cured for seven days. 

 

Figure 50. View of completed concrete overlay on Eliminator® surface with new 

DEMEC pins. 
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CARBON-FIBER REINFORCED POLYMER TREATMENTS 

Carbon-fiber reinforced polymer (CFRP) is a very light, yet strong composite 

material that has become more notable in the past two decades for structural engineering 

purposes.  The most popular use of CFRP is retrofitting, where the load capacity of 

structures, either old or undergoing distress, is increased through CFRP wraps.  The use 

of CFRP wraps on ASR-affected structures has been evaluated in the past (Hattori, et al., 

2003), and its evaluation under this research project was initiated in order to obtain more 

knowledge of its capacity as a rehabilitation option.  

 

A total of eight columns (two RFA and six RCA) were treated with varying layers 

of CFRP; Figure 51 below illustrates the columns selected for CFRP treatment, as well as 

the number of wraps selected for each column. The CFRP material was graciously 

donated by Fyfe Co. LLC, as well as the two-part epoxy used to adhere the CFRP wraps 

to the columns. In order to evaluate the number of wraps necessary to confine expansion 

due to ASR, single (1x), double (2x) and quadruple (4x) wrapping of the material was 

implemented. 

The CFRP wraps prior to installation can be seen in Figure 52; the details of the 

two-part epoxy used for this installation can be seen in Figure 53. 
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Figure 51.  Layout of CFRP column treatments (black circles represent CFRP columns, 

where 1x = wrapped once; 2x = wrapped twice; 4x = wrapped four times). 

The orange circles represent the columns cast with the reactive fine 

aggregate, and the grey circles represent the columns cast with the reactive 

coarse aggregate. 
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Figure 52.  CFRP material supplied by Fyfe Co. LLC. 

 

Figure 53.  Two-part epoxy material used for CFRP application. 

 

The CFRP material was measured and cut prior to installation. The epoxy was 

mixed together using a handheld mixer (see Figure 54). The CFRP sheets were placed on 

top of plastic sheeting and epoxy rolled onto both sides of the sheets using paint rollers to 

ensure proper coating of the epoxy (see Figure 55). In addition, the epoxy was also 
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applied to the columns to ensure that the CFRP wraps would properly adhere (see Figure 

56).  

 

Figure 54.  Two-part epoxy combined and mixed for application.  
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Figure 55. CFRP sheets cut and laid out for epoxy application. 

 

 

Figure 56. Application of epoxy on concrete column. 
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After the epoxy was applied to the column and the CFRP sheets, the sheets were 

wrapped around the columns, similar to a wallpaper application. A final coat of epoxy 

was rolled onto the wrapped columns to ensure that the wraps were fully coated. Figure 

57 shows the application process, and Figure 58 shows the final product. 

 

 

Figure 57.  Application of CFRP on concrete column. 
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Figure 58. Finished product on concrete columns. 

DEICING APPLICATIONS 

Although not considered “mitigation treatments”, the project also encompassed 

evaluating the effect of certain deicer chemicals on ASR-affected concrete. There has 

been ongoing research to determine whether or not some anti-icers (applied prior to 

precipitation) or deicers (applied after precipitation) may exacerbate ASR in hardened 

concrete (Balachandran 2009, Rangaraju et al. 2007). Therefore, this study decided to 

evaluate the effects of potassium acetate and sodium chloride deicers on bridge deck and 

slab specimens. Sodium chloride is commonly used as a deicer on pavements and bridge 

decks, whereas potassium acetate has commonly been used on airport pavements and on 

some bridges equipped with active anti-icer systems.  

During two winters,  a total of four bridge decks (two RFA and two RCA) and 

four slabs (two RFA and two RCA) were sprayed with sodium chloride (2.0 oz. /slab) in 

weekly for a total of 12 applications; in addition, four additional bridge decks (two RFA 
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and two RCA) and four additional slabs (two RFA and two RCA) were treated with 

lithium nitrate prior and after the sodium chloride deicer treatments. Moreover, a total of 

four slabs were treated with potassium acetate (1.8 oz. /slab) weekly for a total of 12 

applications. Four additional slabs were also treated with lithium nitrate before and after 

the deicer treatments similar to the bridge decks.  

LABORATORY TESTING 

Laboratory testing was conducted on the concrete mixtures composed of both 

reactive aggregate types. This section will present data from ASTM C1260 (Standard 

Test Method for Potential Alkali Reactivity of Aggregates) and ASTM C1293 (Standard 

Test Method for Determination of Length Change of Concrete Due to Alkali-Silica 

Reaction) testing. 

ASTM C1260 Test Results 

ASTM C1260 testing was conducted and reported in Bentivegna’s thesis (2009) 

and are a summary of the results is presented herein. Test samples were cast using the 

reactive aggregates selected for this study, as well a local coarse and fine aggregate. The 

expansion values for the samples are presented in Table 6 below; expansion values above 

0.10 percent signify that the aggregate is considered reactive.  

Table 6. ASTM C 1260 Expansion Results (Bentivegna, 2009). 

 

Aggregate - Quarry Location Expansion (%)

RFA - El Paso, Texas 0.82

RCA -  Bernalillo, New Mexico 0.98

Local Fine Aggregate 0.23

Local Coarse Aggregate 0.18

ASTM C 1260 (AMBT) - Expansion Results
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ASTM C1293 Testing 

Specimens were cast using the selected reactive aggregates in combination with 

the local fine and coarse aggregates. The test required a testing period of 1 year without 

the use of supplementary cementing materials; however, the ASTM C1293 data presented 

in Bentivegna’s thesis reported data before the full year of testing was completed. 

Therefore, this section will update Bentivegna’s data with the complete 1 year data.   

Table 7 shows the updated expansion measurements at 364 days; expansion values above 

0.04 percent signify that the aggregate is considered reactive.  

Table 7. ASTM C1293 Testing Results.  

Aggregate/Specimen Tested Expansion Value at 364 days 

(in percent) 

Reactive fine aggregate / bridge decks 0.45 

Reactive fine aggregate / slabs 0.46 

Reactive fine aggregate / slabs and columns 0.47 

Reactive fine aggregate / columns 0.58 

Reactive coarse aggregate / slabs 0.25 

Reactive coarse aggregate / slabs and 

columns 

0.20 

Reactive coarse aggregate / bridge decks 

and columns 

0.23 

Reactive coarse aggregate / bridge decks 0.22 

 

OTHER TESTING 

Two exposure blocks were cast separately and placed on a secondary exposure 

site at the Concrete Durability Center. The blocks were cast using the concrete mixture 

design for each aggregate during placement of the site. The blocks received no treatments 

or mitigation and the exposure blocks were constructed without internal reinforcement. 

Table 8 below presents the expansion values for both blocks at 948 days from date of 

placement.  



 60 

Table 8. Exposure block expansion data. 

Specimen Expansion value (in percent) 

Reactive fine aggregate 1.0353 

Reactive coarse aggregate 0.4516 
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  Chapter 4: Results and Discussion 

This chapter summarizes the results of each treatment regime for the bridge 

decks, columns, and slabs respectively. An average expansion value for the controls and 

the treated specimens will be used as a basis for evaluating the efficacy of the treatments, 

and this data will be complemented by select data on surface expansions or near-surface 

expansions, especially for treatments involving topical applications of silane and/or 

lithium compounds.   

BRIDGE DECKS 

Expansion measurements were taken from DEMEC points using a Mayes Gage 

comparator. This section summarizes the expansion results for the bridge deck 

specimens.  

Electrochemical Treatment with Lithium Nitrate 

Figures 59 and 60 illustrate the overall expansion of the reactive fine aggregate 

(RFA) and the reactive coarse aggregate (RCA)  bridge decks as a function of time 

compared to the control sections for each respective aggregate. As can be seen, the final 

expansion values show no significant difference between the control specimens and the 

specimens treated electrochemically with lithium nitrate.  
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Figure 59. Expansion trends comparing the RFA control sections to the RFA specimens 

treated with lithium nitrate using electrochemical method.  

 

Figure 60. Expansion trends comparing the RCA control sections to the RCA specimens 

treated with lithium nitrate using electrochemical method. 
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Vacuum Impregnation with Lithum Nitrate 

Figures 61 and 62 illustrate the overall expansion of the RFA and RCA bridge 

decks as a function of time compared to the control sections for each respective 

aggregate.  It is evident that lithium treatments have had very little impact on the 

progression of ASR-induced expansion. 

 

 

Figure 61. Expansion trends comparing the RFA control sections to the RFA specimens 

treated with lithium nitrate using vacuum impregnation method. 
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Figure 62. Expansion trends comparing the RCA control sections to the RCA specimens 

treated nitrate using vacuum impregnation method.  

Topical Treatments with Lithium Nitrate 

Figures 63 and 64 illustrate the surface expansion and Figures 65 and 66 illustrate 

the expansion at 25 mm (1 in.) from the surface of the RFA and RCA bridge decks as a 

function of time compared to the control sections for each respective aggregate.  Again, 

as was found in previous FHWA-funded research, topical applications of lithium-based 

products do not appear to have any measurable impact on ASR-induced expansion. 
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Figure 63. Expansion trends at the surface comparing the RFA control sections to the 

RFA specimens treated topically with lithium nitrate once and weekly, 

respectively.  
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Figure 64. Expansion trends at the surface comparing the RCA control sections to the 

RCA specimens treated topically with lithium nitrate once and weekly, 

respectively.  
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Figure 65. Expansion trends at 25 mm (1 in.) from the surface comparing the RFA 

control sections to the RFA specimens treated topically with lithium nitrate 

once and weekly, respectively.  
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Figure 66. Expansion trends at 25 mm (1 in.) from the surface comparing the RCA 

control sections to the RCA specimens treated topically with lithium nitrate 

once and weekly, respectively.  

Silane Applications 

Figures 67 and 68 illustrate the expansion at the surface for the RFA and RCA 
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Figure 67. Expansion trends at the surface comparing the RFA control to the RFA 

specimens treated with 40% silane and 100% silane, respectively.  

  

Figure 68. Expansion trends at the surface comparing the RCA control to the RCA 

specimens treated with 40% silane and 100% silane, respectively. 
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Figure 69. Expansion trends 25 mm (1 in.) from the surface comparing the RFA control 

decks with the RFA specimens treated with 40% silane and 100% silane, 

respectively.  

  

Figure 70. Expansion trends 25 mm (1 in.) from the surface comparing the RCA control 

decks with the RCA specimens treated with 40% silane and 100% silane, 

respectively.  
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Asphalt Overlay 

The 50 mm (2 in.) asphalt overlays were constructed on the bridge decks that 

were previously treated with the Eliminator overlay. The asphalt was placed 

approximately 240 days after placement. Figures 71 and 72 depict the expansion on the 

sides of the specimens compared to the control sections for each aggregate type. As can 

be seen, the overlays do not seem to be making a significant reduction nor increase in 

expansion. The concern with asphalt overlays is the potential for trapping moisture and 

increasing temperature (due to the black color of asphalt), thereby increasing the potential 

for ASR expansion.  

 

  

Figure 71. Side expansion trends comparing RFA control specimens to the RFA asphalt 

overlay specimens.  
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Figure 72. Side expansion trends comparing RCA control specimens to the RCA asphalt 

overlay specimens. 

Bonded Concrete Overlay 
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approximately 300 days after placement. Figures 73 and 74 depict the expansion on the 

surface of the new overlay, and Figures 75 and 76 depict the expansion at the sides of the 

underlying original specimens compared to the control sections for each aggregate type. 

As can be seen, the trends below indicate that there is no significant increase in expansion 

in the base concrete after the application of the overlay.  
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Figure 73.  Surface expansion trend for RFA specimens that received a bonded concrete 

overlay compared to the surface expansion for the RFA control specimens.  

  

Figure 74. Surface expansion trend for RCA specimens that received a bonded concrete 

overlay compared to the surface expansion for the RCA control specimens. 
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Figure 75. Side expansion trend for RFA specimens that received a bonded concrete 

overlay compared to the side expansion for the RFA control specimens.  

  

Figure 76. Side expansion trend for RCA specimens that received a bonded concrete 

overlay compared to the side expansion for the RCA control specimens.  
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Deicing Chemical Topical Application 

Two bridge decks from each aggregate type received a series of topical treatments 

using a sodium chloride deicer; in addition, two additional decks from each aggregate 

type received the same treatment regime, only a topical treatment of lithium nitrate was 

performed prior and after the deicing treatment regime. Figures 77 and 78 illustrates the 

expansion trends at the surface of the treated bridge decks specimens; Figures 79 and 80 

illustrates the expansion trends  at the surface and at 25 mm (1 in.) below the surface.,. It 

appears that the application of deicing salt slightly increased the near-surface expansion 

of the decks and that the application of lithium nitrate had little or no influence on 

subsequent expansion.  

 

 

Figure 77. Surface expansion trends for RFA bridge decks treated topically with sodium 

chloride and a combination of sodium chloride with lithium nitrate, 

respectively.  
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Figure 78. Surface expansion trends for RCA bridge decks treated topically with sodium 

chloride and a combination of sodium chloride with lithium nitrate, 

respectively. 

 

Figure 79. Expansion trends 25 mm (1 in.) below the surface for RFA bridge decks 

treated topically with sodium chloride and a combination of sodium chloride 

with lithium nitrate, respectively. 
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Figure 80. Expansion trends 25 mm (1 in.) below the surface for RCA bridge decks 

treated topically with sodium chloride and a combination of sodium chloride 

with lithium nitrate, respectively. 
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Figure 81. Surface expansion trends of topical treatments for RFA specimens.  

  

Figure 82. Surface expansion trends of topical treatments for RCA specimens. 
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Figure 83. Expansion trends at 25 mm (1 in.) below the surface for RFA bridge deck 

specimens. 

  

Figure 84. Expansion trends at 25 mm (1 in.) below the surface for RCA bridge deck 

specimens.  
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COLUMNS 

This section will discuss the results of the column treatments. Two graphs per 

aggregate treatment will be presented to display expansion measurements from the 

DEMEC points and expansion results from the pi tape circumference measurements. 

 

Electrochemical Treatment with Lithium Nitrate 

Figures 85 and 86 detail the expansion results, both DEMEC and pi tape values, 

from the specimens treated electrochemically with lithium nitrate. Two treatment 

regimens were completed – two columns were treated using 2 amps of current and the 

other two columns were treated using 3 amps of current. As can be seen, expansion 

values to date show that the electrochemical treatment using 3 amps of shows a small 

reduction in expansion when compared to the specimens treated with 2 amps of current.  
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Figure 85. Expansion trends comparing RFA control columns and RFA columns treated 

with lithium nitrate using an electrochemical method at two different 

amperes.  

  

Figure 86. Circumferential expansion comparing RFA control columns and RFA columns 

treated with lithium nitrate using electrochemical method using two 

different amperes.  

Topical Treatment with Lithium Nitrate 
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seemed to have increased the expansion in the columns when compared to the controls.  

It would seem that the treatments with lithium nitrate may increase the expansion 

in some specimens, perhaps due to the fact that the water in the lithium nitrate solution 

may in fact drive ASR more than lithium can suppress it.  
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Figure 87. Expansion trends comparing RFA control column and RFA column treated 

topically with lithium nitrate on a weekly regiment.  

  

Figure 88. Expansion trends comparing RCA control column and RCA column treated 

topically with lithium nitrate on a weekly regiment. 
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Figure 89. Circumferential expansion comparing RFA control column and RFA column 

treated topically with lithium nitrate on a weekly regiment.  

 

Figure 90. Circumferential expansion comparing RCA control column and RCA column 

treated topically with lithium nitrate on a weekly regiment. 
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Silane Applications 

Figures 91 through 94 detail the expansion results, both DEMEC and pi tape 

values, from the specimens treated topically with 40% silane and 100% silane.  As can be 

seen below, the silane treatments seem to be performing quite well, especially for the 

RCA columns.  

 

  

Figure 91. Expansion trends for RFA control specimens and the columns treated with 

40% silane and 100% silane, respectively.  
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Figure 92. Expansion trends for RCA control specimens and the columns treated with 

40% silane and 100% silane, respectively. 

 

  

Figure 93. Circumferential expansion trends between RFA control specimens and RFA 

columns treated with 40% silane and 100% silane, respectively.  
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Figure 94. Circumferential expansion trends between RCA control specimens and RCA 

columns treated with 40% silane and 100% silane, respectively. 

Carbon Fiber Reinforced Polymer Treatment 
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the CFRP installation; therefore, only circumferential expansion measurement values will 

be presented for the CFRP wrapped columns. Due to the nature of our monitoring 

method, it would seem that the data to date is inconclusive in determining the 

effectiveness of these treatments. However, future trends may help in indicating the 

effectiveness of the CFRP wraps.  
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Figure 95. Circumferential expansion of RFA control columns compared to the RFA 

column with two wraps of CFRP.  

 

  

Figure 96. Circumferential expansion of RCA control columns compared to the RCA 

columns treated with one, two, and four wraps of CFRP, respectively.  

0.00%

0.20%

0.40%

0.60%

0.80%

1.00%

1.20%

1.40%

1.60%

0 200 400 600 800 1000 1200

Ex
p

an
si

o
n

 (
C

ir
cu

m
fe

re
n

ti
al

) 

Days 

Control

CFRP - 2 wraps

CFRP Treatment

-0.50%

0.00%

0.50%

1.00%

1.50%

2.00%

2.50%

0 200 400 600 800 1000 1200

Ex
p

an
si

o
n

 (
C

ir
cu

m
fe

re
n

ti
al

) 

Days 

Control

CFRP - 1 wrap

CFRP - 2 wraps

CFRP - 4 wraps

CFRP Treatment



 88 

Eliminator Treatment 

Figure 97 details the expansion results from the RCA column that was treated 

with the Eliminator overlay. Unfortunately, the DEMEC pins had to be sawn off prior to 

the overlay; therefore, only circumferential expansion measurement values will be 

presented for this column.  Similarly to the CFRP wraps, it would seem that the data to 

date is inconclusive in determining the effectiveness of these treatments; however, data 

collected in the future may help in establishing trends that can indicate the effectiveness 

of this treatment.  

 

  

Figure 97. Circumference expansion values for the RCA column overlaid with Eliminator 

product compared to the RCA control specimens.  

SLABS 

Expansion measurements were taken from DEMEC points using a Mayes Gage 

comparator. This section will illustrate the expansion results for the slab specimens.  
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Topical Treatments with Lithium Nitrate 

Figures 98 through 101 illustrate the overall expansion of the RFA and RCA slabs 

as a function of time compared to the control sections for each respective aggregate. As 

can be seen, there is not much benefit in reducing expansion with this treatment.  

 

  

Figure 98. Expansion trends for the RFA slabs treated topically with lithium nitrate 

weekly and once, respectively. The expansion of the treated slabs is 

compared to the control section.  
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Figure 99. Expansion trends for the RCA slabs treated topically with lithium nitrate 

weekly and once, respectively. The expansion of the treated slabs is 

compared to the control section. 

 

Figure 100. Expansion trends at 25 mm (1 in.) from the surface for the RFA slab control 

section and slabs treated with lithium nitrate weekly and once, respectively.  
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Figure 101. Expansion trends at 25 mm (1 in.) from the surface for the RCA slab control 

section and slabs treated with lithium nitrate weekly and once, respectively. 

Silane Applications 

Figures 102 through 105 illustrate the expansion at the surface and at 25 mm (1 

in.) below the surface for the control RFA and RCA sections compared to the 40% silane 

and 100% silane treatments, respectively. As can be seen, the silane treatments are 

performing quite well compared to the controls.  
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Figure 102. Expansion trends at the surface comparing the RFA control slabs to the RFA 

specimens treated with 40% silane and 100% silane, respectively. 

  

Figure 103. Expansion trends at the surface comparing the RCA control slabs to the RCA 

specimens treated with 40% silane and 100% silane, respectively. 
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Figure 104. Expansion trends 25 mm (1 in.) from the surface comparing the RFA control 

slabs with the RFA specimens treated with 40% silane and 100% silane, 

respectively. 

  

Figure 105. Expansion trends 25 mm (1 in.) from the surface comparing the RCA control 

slabs with the RCA specimens treated with 40% silane and 100% silane, 

respectively. 
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Asphalt Overlay 

The 50 mm (2 in.) asphalt overlays were constructed on the approximately 240 

days after placement. Figures 106 and 107 illustrate the expansion on the sides of the 

specimens compared to the control sections for each aggregate type. As can be seen, the 

overlays do not seem to be making a significant reduction nor increase in expansion. The 

concern with asphalt overlays is the potential for trapping moisture and increasing 

temperature (due to the black color of asphalt), thereby increasing the potential for ASR 

expansion. 

 

  

Figure 106. Side expansion trends comparing RFA control slab specimens to the RFA 

asphalt overlay specimens. 
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Figure 107. Side expansion trends comparing the RCA control slab specimens to the 

RCA asphalt overlay specimens. 

Unbonded Concrete Overlay 
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300 days after placement. Figures 108 through 111 illustrate the results of the expansion 

on the surface of the new overlay, the sides of the new overlay, as well as the sides of the 

underlying original specimens compared to the control sections for each aggregate type. 

As can be seen, the trends below indicate that there is no significant increase in expansion 

in the base concrete after the application of the overlay.  
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Figure 108. Surface expansion trend for RFA slab specimens that received an unbonded 

concrete overlay compared to the surface expansion for the RFA control 

specimens. 

  

Figure 109. Surface expansion trend for RCA slab specimens that received an unbonded 

concrete overlay compared to the surface expansion for the RCA control 

specimens. 
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Figure 110. Surface expansion trend for RFA slabs that received an unbonded concrete 

overlay. Expansion on the sides of the new overlay and the existing 

underlying slab is compared to the control section.  
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Figure 111. Surface expansion trend for RCA slabs that received an unbonded concrete 

overlay. Expansion on the sides of the new overlay and the existing 

underlying slab is compared to the control section. 

Deicing Chemical Topical Application 

Eight slabs from each aggregate type received a series of topical treatments using 

a sodium chloride and potassium acetate deicer; in addition, four additional decks from 

each aggregate type received the same treatment regime, only a topical treatment of 

lithium nitrate was performed prior and after the deicing treatment regime. Figures 112 

through 115 illustrates the expansion trends of both treatment regime specimens at the 

surface and at 25 mm (1 in.) below the surface, respectively. As can be seen, there is no 

conclusive trend to confirm whether the deicing applications are performing better or 

worse than the control sections.  
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Figure 112. Surface expansion trends for RFA slabs treated topically with deicers and a 

combination of deicers with lithium nitrate, respectively. 

  

Figure 113. Surface expansion trends for RCA slabs treated topically with deicers and a 

combination of deicers with lithium nitrate, respectively. 
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Figure 114. Expansion trends 25 mm (1 in.) below the surface for RFA slabs treated 

topically with deicers and a combination of deicers with lithium nitrate, 

respectively. 
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Figure 115. Expansion trends at 25 mm (1 in.) below the surface for RCA slabs treated 

topically with deicers and a combination of deicers with lithium nitrate, 

respectively. 

Overview of Topical Treatments 

Figures 116 through 119 summarize the expansion results for the topical 

treatments at the surface and at 25 mm (1 in.) below the surface, respectively; the 

expansion of the treated specimens were compared to the control specimens. 

In regard to surface expansion, the silane treatments show a significant reduction 

for the RFA and RCA specimens when compared to their respective controls. Similarly, 

this same trend can be seen for both aggregate type specimens for expansion values 25 

mm (1 in.) below the surface.  
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Figure 116. Overview of RFA slabs treated topically with various treatments compared to 

the RFA control sections at the surface.  

  

Figure 117. Overview of RCA slabs treated topically with various treatments compared 

to the RCA control sections at the surface. 
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Figure 118. Overview of RFA slabs treated topically with various treatments compared to 

the RFA control sections at 25 mm (1 in.) below the surface. 

 

Figure 119. Overview of RCA slabs treated topically with various treatments compared 

to the RCA control sections at 25 mm (1 in.) below the surface. 
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Chapter 5: Conclusions and Recommendations 

CONCLUSIONS 

This thesis summarizes the construction and monitoring of the ASR outdoor 

exposure site developed at the UT Austin built to monitor the effectiveness of different 

techniques to mitigate ASR in hardened concrete.   

The expansion results presented in Chapter 4 include roughly two years of 

expansion data for the specimens located in the outdoor exposure site. Overall, the silane 

treatments, both at 40% and 100%, are showing to be the most effective in showing a 

reduction in expansion when compared to the controls. The reduction in expansion could 

be a cause of the silanes effectively reducing the relative humidity at the surface and at 

depths close to the surface.  

However, the treatments using lithium nitrate – topically, vacuum and 

electrochemical treatments – do not seem to show any particular benefit in reducing 

expansion. In regard to the topical applications, one theory is that the application of 

additional water from the lithium nitrate solution is increasing the expansion in the 

concrete, and the concentration of lithium in the solution is not enough to suppress the 

expansion. In regard to the electrochemical treatments, there may be an effect of the 

increase in ions near the reinforcement that could be leading to other types of distress.  

RECOMMENDATIONS  

The nature of ASR is that the reaction takes many years to run its course, 

especially in areas where moisture may not be as prevalent. Therefore, it is recommended 

that the elements of the site continue to be monitored for many years to come.  

Fortunately, monitoring activities will continue in the future. After some time the 

continued monitoring of the elements will assist in establishing trends for the specimens 
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that do not have enough data at this point to conclude its effectiveness, and may indicate 

the most effective mitigation technique.   
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