ATTACHMENT I

PLEASE NOTE

THIS IS A DETAILED TECHNICAL DESCRIPTION OF THE ALKALI-SILICA REACTION (ASR) RESEARCH STUDY AND ITS VARIOUS OBJECTIVES.  PLEASE READ THIS DOCUMENT IN CONJUNCTION WITH THE BAA AS POSTED ON THE FEDERAL GOVERNMENT WEBSITE: WWW.FEDBIZOPPS.GOV.  THE OFFEROR IS REQUIRED TO ACKNOWLEDGE HAVING READ BOTH THE FEDBIZOPPS ANNOUNCEMENT AND ATTACHMENT I (THIS DOCUMENT) AS A REQUIREMENT FOR SUBMITTING THEIR PROPOSAL.  THIS MUST BE STATED ON THE FRONT PAGE THEIR PROPOSAL.  
Objective 1 - Mechanisms of ASR Mitigation

The main purpose is to understand the fundamentals of the ASR reaction mechanism in order to predict the performance of concrete mix designs where the composition of aggregate, fly ashes, other cementatious materials and admixture is known and the reactions of applied deicer with hardened concrete surface are considered.  The product of this objective will  be scientifically-based specifications for concrete mix designs that will be free of ASR (in addition to meeting all other applicable performance and durability criteria) and use available cost effective raw material with no or minimal testing of hardened concrete. A systematic research approach is required to determine the pertinent rates of reaction and chemical composition of the formed ASR gel.  The following paragraphs elaborate on some of the key issues to be addressed.

Role of Lithium and other ions/species

Lithium salts - especially nitrates - have been used to reduce the severity of the ASR expansion process but the mechanism is still somewhat uncertain as the products of the reaction products have not been positively identified and quantitatively analyzed.  Fully understanding the role of lithium ions (mechanism) in reducing ASR in reactive aggregate will provide a basis for determining the proper lithium dosage based on the reactivity of the aggregate, the presence of other competing reactions and the total amount of alkalis from all sources. Some of the proposed potential mechanisms identified in the present FHWA’s Lithium Technology Program (FHWA publication FHWA-HRT-06-073) but not completely verified are:

· Lithium may alter the ASR product (gel) composition, resulting in less expansive product.

· Lithium may reduce silica dissolution.

· Lithium may decrease the repolymerization of silica and silicate.

· Lithium may reduce repulsive forces between colloidal gel particles.

In addition to the above listed mechanisms, identify others which may be in play in the concrete matrix.  Perform research to completely understand the role of lithium (derived from lithium nitrate) for ASR control, and identify other ions/species/chemical which may be more cost effective and have the potential to provide better ASR control. 

Role of Calcium Ions

Past studies have identified that excessive calcium ions in the concrete can contribute to the expansion process in the presence of reactive aggregates, moisture and alkalis.  In the absence of excessive calcium, silica is more soluble in alkali hydroxide (strong base) and hence less expansive gel formation.  

The range and amount of calcium in cements and fly ashes is covered by the respective ASTM standards. Choosing both cement and fly ashes at higher calcium levels may provide undesirable insoluble expansive silica gels.  Hence it is essential to understand the exact role of excessive calcium ions by conducting a controlled set of experiments where mineralogy of aggregate, total hydroxyl content (mainly derived from strong alkali ions), concentration of calcium ions and other variables are well defined.  Perform suitable research to define optimum amounts of calcium in the concrete mix based on the availability of aggregate and its chemical composition, cements and fly ashes.

Role of Deicers, hydroxyl, and alkali ions

The literature has concluded that hydroxyl ion concentration in concrete mix design contributes to ASR, but the literature also indicates that it is necessary to have the presence of alkali ions (sodium and potassium).  Probably sodium/potassium ions are mentioned, since most of the hydroxyl ions in cement are derived from Na2O/K2O which in the presence of water dissociate to Na+/K+ and OH- ions.  There is also a significant amount of low solubility calcium hydroxide, but since it is a weak base, the hydroxyl ion contribution from it is not a significant portion of the total alkali.  Sodium chloride, magnesium chloride, calcium chloride, potassium acetate, sodium acetate, potassium formaldehyde, calcium magnesium acetate and combination of these chemicals with other additives are being used as deicers and there is indication that there is an increased interest in these deicers by highway agencies, particularly for use with automated bridge deicing systems.  

A significant number of airfields are showing concrete deterioration due to ASR attributed to the use of potassium acetate.  Its pH is adjusted to a higher value by addition of certain alkalis to combat the corrosion of the aircrafts from the sprayed solutions during take off and landing. Similarly, the use of sodium chloride on highway pavements and bridges provides excess sodium ions which are believed to participate in chemical reaction with calcium hydroxide in the concrete to form a strong base with an eventual increase in hydroxyl concentration.  Hence, from the observed ASR problems in airfields, it appears that indirectly some of the alkali ions in the deicer may be increasing the concentration of hydroxyl ions or some other chemical reaction occurring in the concrete matrix by acidic negative ions. 

At present some of the above hypotheses are being verified in controlled laboratory experiments but additional research is required to validate the hypotheses. It is essential to know if there is an extra production of hydroxyl ions with the use of the deicers, so that the concrete mix designs can take in to account this contributing factor.  Other deicers e.g. calcium magnesium acetate and magnesium chloride have also shown a tendency to deteriorate concrete matrix by reacting with certain aggregates or with cement itself, but in general, it is not due to ASR.

Role of Aggregates
Besides hydroxyl ion, the specific aggregates used in the concrete play major roles in controlling ASR. There is no certainty that all aggregate procured from the same quarry or source will have the same reactivity (chemical structure, composition and mineralogy), such that users may confidently be able to use aggregate from sources that have performed satisfactorily in the past. There is a need to perform systematic aggregate research to understand the role of aggregate in the overall ASR mechanism.  The factors that must be considered include, but are not limited to the following:

· Aggregate selection based not on source, but on chemical composition, structure, mineralogy and especially the presence of all the reacting species.

· The role and rate of chemical reaction of Li+, Na+, K+, Ca++ with reacting silica and/or any other components in the aggregate with OH- ions and quantitative chemical composition of the formed products in the gel.

· The role of Na+, K+, Mg++ ions from deicers to produce additional hydroxyl ions by exchange with calcium hydroxide in the hardened concrete and the role of these extra hydroxyl ions. 

Objective 2 – Rapid Test Methods for Assessing ASR in the Laboratory

There are recent developments for measuring ASR expansion rapidly, but all of them have limitations for different reasons. The product of this objective will be a reliable rapid ASR laboratory test method.  To accomplish this, it will be necessary to identify recent worldwide advances in rapid laboratory test methods, and then select the most viable and effective test methods, determine their limitations, assess the required test period and then refine/modify these methods if feasible (e.g., decrease testing period, repeatable and predict accurately field performance) or altogether develop a reliable new rapid laboratory test methods that can predict the long term performance of a concrete mix design when employed in the field for pavement/bridges. The developed rapid test method shall use the actual concrete mix design instead of evaluating the aggregate reactivity alone.

At present, the concrete prism test ASTM  C 1293 and mortar bar ASTM C 1260 are most widely used laboratory test methods for measuring potential expansion of concrete/mortar due to ASR reaction but both of them have limitations for different reasons. 

· ASTM C 1293 is a reliable method and the results simulate the actual observed field performance of the concrete in service but it takes 1-2 years to complete the laboratory test. Generally, this length of time is not available to qualify the sources of raw materials for the project.  In addition to the time factor, this method still does not evaluate the actual concrete mix (w/c and actual total alkalis) but purposely use higher alkalis to accelerate the ASR reaction to obtain measurable expansion in a reasonable time period. Although it is a standard recommended test method, it currently does not provide guidance for assessing lithium compounds.

· ASTM C 1260 is an accelerated mortar bar test method and can be completed in 16 days. The results from this test method are not appropriate for certain aggregates (which have performed satisfactorily in the field) due to the severity of the test regime. At present, this test method also does not provide guidance for assessing the use of lithium compounds, but research is underway to develop a suitable test method.

In the past, a substantial amount of work has been carried out to develop quick procedures to evaluate a particular concrete mix design to prevent ASR. These rapid test procedures have varying levels of confidence, but most have limitations.

In addition, there are number of publications where a kinetic-based method based on the observed expansion rate at various interval in ASTM C 1260 may provide a better handle of the aggregate’s reactivity for ASR than the simple total expansion at the end of the test.

Objective 3 – Non-Destructive Test Methods for Assessing ASR in the Field

The products of this objective are reliable non-destructive field test method(s) for evaluation of concrete structures to accomplish the following: (1) confirm the presence of ASR and ascertain that the apparent damage to the structure is due to ASR, (2) quantify the deterioration rate, (3) predict the total expansion for predicting total ASR damage. 

It is important to distinguish ASR reaction and subsequent damage to the concrete matrix from other deterioration processes for the rehabilitation of the structures with suitable methods to prolong the design life.

At present Uranyl Acetate test methods and Los Almos ASR Detect Diagnostic method can detect the presence of ASR in field, but petrographic examination of extracted cores is still required for positive identification.  In addition, these test-methods can not predict the total expansion. Petrographic examination of extracted cores coupled with expansion test provides the extent of severity for that structures life but the method(s) are destructive and take a long time. Hence, at present, there are laboratory field test methods but there is no single reliable rapid non-destructive test method, which can positively identify the presence of ASR and predict the future total expansion of concrete in field. This product of this research is essential for inventorying the ASR affected structure nationwide. 

Objective 4 – Rehabilitation

Under this objective, systematic laboratory research will be performed in order to develop cost effective methodology to control ongoing concrete deterioration by ASR process in existing structure and extend the service life of the treated structure.

To reduce the corrosion rates of the embedded steel in bridges, State Highway Agencies, predominantly use concrete overlays having low permeability to reduce penetration of future chloride ions form deicer application and incoming moisture.  Often time, chloride is present at the reinforcement above threshold levels to propagate corrosion but by reducing the penetration rate of future chloride ions and moisture, the corrosion rate is lowered after installation of concrete overlay or water proof membrane in conjunction with asphalt overlay.  A similar approach may be applicable for the mitigation of ASR in existing pavements but this concept needs to be verified in controlled laboratory study with systematic research by employing various rehabilitation techniques with different materials and environmental conditions. The following dissimilarities between pavement and bridge decks pose some technical problems/issues: 

· Pavements generally do not have reinforcement except in the continuously reinforced concrete pavement (CRCP). For the efficient use of electrical migration of beneficial ions like lithium in to the concrete to mitigate ASR, a network of reinforcement embedded in concrete is required.  This technique is more suitable for reinforced concrete bridge members.

· Concrete pavements are exposed to moisture from the top as well as at bottom in contact with moist ground or base materials which makes it much more harsh condition to control ASR from the top surface alone.  Bridge members do not have this adverse situation.

· The area of the bridges is small and hence the higher unit costs for rehabilitation of bridge members due to corrosion/ASR and other concrete deterioration processes may be more justifiable due to higher initial construction cost per unit.  In the case of pavements, due to very large areas; the methodology for rehabilitation should be cost effective and also easily adoptable with minimal disruption to the traffic.

· Recent progress in the electro osmotic pulse technology may provide another way to migrate lithium or other ions in to concrete matrix faster/larger concentration to control ASR.

Both electrical and non-electrical lithium treatment (being performed under present Federal Highway Administration research) on existing concrete structures suffering from ASR coupled with overlay/sealers/membranes etc may extend the service life of the treated structure by reducing the future expansion of concrete. This multiple strategy rehabilitation scheme has not yet been fully researched. The rate of ASR on fabricated laboratory concrete specimen after application of the rehabilitation treatment shall be followed by both NDE techniques and other (destructive) testing for the constructed specimens exposed to outdoor or preferably simulated aggressive environment to accelerate ASR for quicker meaningful results. After the conclusion of experiments, autopsy of the treated specimens and correlation of the observed condition with collected NDE techniques and other laboratory data will be required.  
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