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MANUAL OF CONCRETE PRACTICE



CHAPTER 1—SCOPE The objective of this guide is to provide (primarily to contractors) information, requirements and procedures necessary to achieve a bond between freshly mixed and hardened concretes by use of either epoxy or latex adhesives. The requirements and procedures of this guide consist of: • Evaluation of the hardened concrete to determine the proper preparation and surface conditioning prior to application of adhesives, • Selection of the most suitable epoxy or latex adhesive depending on the expected performance and environmental conditions (ACI 503.3R), and • Application method. CHAPTER 2—HARDENED CONCRETE EVALUATION Contaminated and deteriorated concrete can be detected by visual inspection; however, in many cases, visual determination of the soundness of the concrete is not sufficient to select the repair and preparation methods. It is necessary to determine the extent of the deterioration, its cause, and whether that cause is still active. Guidance on surveys for these determinations may be obtained from ACI 201.1R, ACI 364.1R, ACI 546.1R and ASTM C 823. Common methods for evaluating and determining concrete condition include sounding with a hammer or chain drag, ultrasonic pulse velocity, petrographic analysis, infrared thermography, radar detection, core evaluation, measurement of chloride ion content, and bond tests such as that described in ACI 228.1R and Appendix A of ACI 503R. Proper preparation, as in Chapter 4, of any concrete to receive an adhesive is of primary importance. Bond failure at the adhesive interface is likely if preparation is inadequate. Certain surface conditions are required with different types of adhesive and are described in later sections. CHAPTER 3—REMOVAL OF UNSOUND CONCRETE The removal of the unsound or damaged concrete is a necessary part of rehabilitation work on structures involving the use of an adhesive prior to placement of the freshly mixed concrete. Such removal should be accomplished by wellcontrolled means. The first step involves saw cutting the periphery of the required removal area to a minimum of 1/4 in. (6 mm) in depth, consistent with the type of repair. This saw cutting delineates the repair area and serves to reduce edge spalling and weakness possibly introduced by outlining the area using other methods. Also, it serves to give a shoulder against which the repair materials can be placed and finished. It also results in a neater appearance. The saw-cut line should be located at least 4 in. (100 mm) outside of the determined limits of the defect to ensure that all defective concrete is removed and that the fresh material is bonded to sound concrete. Several types of systems are available to remove unsound concrete (ACI 503R): a. Scabblers or bush hammers, that are tools with several points that remove concrete by pulverizing or fracturing the surface,



b. Scarifiers, that have wheels with several points that are tipped with carbide, tungsten or diamonds. This equipment removes concrete by scraping or impacting the surface, c. Water blasting (hydrodemolition), which removes concrete by projecting jets of potable water, d. Jackhammers, which remove concrete by impacting the surface. Upon completion of removal of the concrete by one or more of the above methods (Department of the Army, 1995), except for water blasting, all newly exposed surfaces should be abrasive blasted and thoroughly washed down with a water jet with a minimum pressure of 1500 psi (10 MPa). The surface is then blown off with dry, oil-free compressed air or vacuumed to remove any residual debris. It is recommended that the concrete is tested for pull-off strength in accordance with the procedure described in Appendix A of ACI 503R. If 250 psi (1.7 MPa) is achieved, then the surface preparation and concrete quality is adequate. If the pullout value is less than 250 psi (1.7 MPa) and 90 percent failure occurs in the concrete at depth of 1/4 in. (6 mm) or greater, then the surface preparation is adequate, but the concrete quality may not be adequate for the application. In this case, an additional evaluation in accordance with Chapter 2 may be necessary. CHAPTER 4—SURFACE PREPARATION Those surfaces or parts of surfaces, which do not require removal of concrete, must be cleaned to remove all surface contaminants detrimental to the bond of the adhesive. Such contaminants include, but are not limited to laitance, curing membranes, surface coatings and treatments, oil, grease, rust stains, and dust. The following methods commonly used to remove such contaminants are: a. Shot blasting, which projects metal balls of varying size at high velocity to impact and abrade the surface, b. Abrasive blasting, which projects particles of varying size to impact and abrade the surface. The particles may be carried by air or water, c. Scabbling using bush hammers, d. Scarification, e. Water blasting. One or more of these methods, alone or in combination, may be required for proper preparation. Guidance can be obtained from ASTM D 4258 and D 4259. Regardless of surface preparation method, the results should be such that the surface is abraded to expose the aggregate in the surface with a maximum profile of 1/2 in. (13 mm), that is the depth between the lowest and highest points of the surface. It is recommended that the concrete is tested for pull-off strength in accordance with the procedure described in Appendix A of ACI 503R. If 250 psi (1.7 MPa) is achieved, then the surface preparation and concrete quality is adequate. If the pullout value is less than 250 psi (1.7 MPa) and 90 percent failure occurs in the concrete at depth of 1/4 in. (6 mm) or greater, then the surface preparation is adequate, but the concrete quality may not be adequate for the application. In some applications the design engineer may increase the required pullout value.



GUIDE FOR EPOXY AND LATEX ADHESIVES



CHAPTER 5—USE OF EPOXY ADHESIVES To ensure adequate bonding using epoxy adhesives, the following requirements should be met: a. Prepared surface should be strong, dense, and sound as determined by the methods in Chapter 2. b. Prepared surface should be clean and free from such contaminants as described in Chapter 4. c. In addition to other considerations, the selection of epoxy adhesive should consider the anticipated ambient and concrete temperatures. The ease of use and final properties of epoxy application are greatly influenced by the temperature of the surface. ASTM C 881 gives a listing of epoxies for use at different temperatures. d. Surface moisture and vapor should be at such a level not to interfere with the bond of the adhesive. Surface moisture and vapor leaving the concrete surface must be recognized as potential impediments to proper bond. Efforts to dry the surface are worthwhile. Moisture vapor transmission may be detected by tightly covering the surface with a 4 ft by 4 ft (1.2 m by 1.2 m) transparent plastic film., following the procedure given in ASTM D 4263. If no moisture has accumulated under the film after six to eight hours, capillary moisture or out-gassing vapors are insufficient to adversely affect the bond. It is prudent to extend the time of exposure by 50 percent under the film if temperatures are below 40 deg F (4 deg C) or if the site is under cloud cover. 5.1—Selection of the epoxy adhesive The epoxy adhesive must be manufactured specifically for bonding freshly mixed concrete to hardened concrete. Such materials meet the requirements of ASTM C 881, Type II and V, Grade 1, 2 and 3, Class A, B or C. In addition, the epoxy adhesive shall maintain a minimum thickness of 15 mil (0.38 mm) on horizontal, vertical and overhead surfaces at the time of placing the freshly mixed concrete. Type II adhesives are used in non load-bearing applications, while Type V are for load-bearing uses. Grade 1 materials are low viscosity. Grade 2 materials are medium viscosity. Grade 3 have a non sagging consistency. Class A are used where temperatures are below 40 deg F (4 deg C), Class B are used where temperatures are typically between 40 deg F (4 deg C) and 60 deg F (16 deg C), and Class C are used where temperatures above 60 deg F (16 deg C) with upper limits set by the manufacturer. 5.2—Mixing of the epoxy adhesive Epoxy adhesives are supplied as a two-part system, one containing the epoxy resin and the other containing the hardener or curing agent. Prior to combining the two components, it is recommended that each component is thoroughly mixed to ensure uniformity. The components of the epoxy adhesive should be conditioned at the manufacturer's recommended temperature before use. The viscosity of epoxy adhesives vary with the temperature. If its temperature is below the recommended value, the epoxy will be more viscous and difficult to mix; above the recommended value, mixing will be easier but the material may be too fluid to apply at the required thickness. Also, reaction rate increases at higher temperatures, shorten-
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ing the amount of time in which the freshly mixed concrete will be properly bonded. Mechanical mixing of the two components is mandatory, except for mixing volumes of less than one liter (one quart). Hand mixing is difficult and more time-consuming than mechanical mixing; this loss of time may be critical when pot life is short. The quantity of adhesive to be mixed at any one time must not exceed the amount that can be readily applied within the pot life or working time of the specific adhesive. The quantity and temperature of the adhesive at mixing have a significant influence on this working time. The more accurate method of proportioning is the use of pre-portioned (prepackaged) units, usually supplied by the manufacturer so that the entire contents of both containers are mixed together. If smaller quantities are required, the specific proportioning ratio should be accurately measured by mass or volume. The preferred mixing container has a flat bottom and a capacity of approximately two times the batch size. Dry, clean plastic pails are suitable because the sides can be scraped during mixing and the cured or partially cured adhesive does not stick, allowing for easy clean up. A cage or propellertype mixing paddle driven by a low speed electric or airpowered drill is recommended for mixing. Where large volumes of mixed adhesive are required, the use of continuous mixing equipment is recommended. Such mixers are available commercially. These mixers automatically meter and mix the two components at the required ratio. The mixed adhesive is applied to the repair area through a spray gun or extruding nozzle. 5.3—Application of the epoxy adhesive The adhesive can be applied to the clean surface using brushes, rollers, squeegees or spray equipment. For application over a rough surface, brush application is suggested because the scrubbing action with a stiff bristle brush, ensures that all irregularities and pores of the surface will be coated. Although the epoxy adhesive provides satisfactory adhesion if the freshly mixed concrete is placed immediately after applying the adhesive, the contractor should wait for five to ten minutes so that the adhesive can "wet" the existing surface prior to contact with the freshly mixed concrete. The freshly mixed concrete must be placed while the adhesive is tacky. If the epoxy bond coat reaches a tack-free stage prior to placement of the freshly mixed concrete, a second application of epoxy is required. If the epoxy has cured to such a state that it cannot be easily indented by a finger nail, the epoxy should be removed by abrasive blasting or other appropriate means. This cured state is normally obtained six to eight hours after application at about 75 deg F (24 deg C). The surface should again be cleaned of all contaminants and a fresh application of epoxy be applied in the prescribed manner. CHAPTER 6—USE OF LATEX ADHESIVES To ensure adequate bonding using latex adhesives, the following requirements should be met: a. Prepared surface should be strong, dense and sound as determined by methods in Chapter 2.
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b. Prepared surface should be clean and free from such contaminants as described in Chapter 4. c. Latex adhesives need to be applied to a damp surface to ensure adequate wetting. The moisture content should be such that newspaper should become damp when placed on the surface. Of course, the newspaper should be removed before placing the latex adhesive. 6.1—Selection of latex adhesive Two types of latex adhesives are described in ASTM C 1059. Type I latex adhesives are described as a redispersible, one-component system, and are used as supplied. They are restricted for interior work not subject to water immersion or high humidity (greater than 90 percent relative humidity). They are normally either vinyl acetate homopolymers or copolymers, with the co-monomer being either ethylene or an acrylic ester. The vinyl acetate homopolymers may be plasticized. Type II latex adhesives are described as non redispersible and are used in combination with portland or other hydraulic cements. They are suitable for interior and exterior work and may be used in areas subject to water immersion or high humidity. They are normally either styrene-butadiene copolymers, or acrylic ester copolymers. Ratios of latex (having a nonvolatile content of 47 percent) to cement are typically one-to-one by volume or one-to-two by mass. These twopart adhesives have a pot life of ten minutes to two hours. The pot life is dependent on the type of hydraulic cement and environmental conditions such as temperature and relative humidity. 6.2—Application of latex adhesive Type I adhesives, stabilized with polyvinyl alcohol, are not suited for spray application and must be applied by brush or roller. Type II latex adhesives are applied by either brushing, rolling, or spraying. The prepared surface of the hardened concrete must be dampened prior to application of the adhesive to ensure good contact. Typical rates of application for Type I adhesives are normally applied at 200 ft2/gal (5 m2/L), and Type II adhesives at 55 ft2/gal (1.4 m2/L). Follow the manufacturer’s recommendations for rate of application. With Type II adhesives it is essential that the freshly mixed concrete is applied before the adhesive has time to dry or set up. If the Type II adhesive has set up or dried, the adhesive must be removed and the surface must be prepared to meet the conditions described in 5 a, b, & c. As Type I adhesives are redispersible, the timing of application of the freshly mixed concrete is not as critical, but it should be placed before the adhesive becomes contaminated. If such contamination occurs, the surface should be cleaned by either wet brushing or water spray and the Type I adhesive reapplied.



CHAPTER 7—REFERENCES 7.1—Recommended references The documents of standards-producing organizations are listed below with their serial designation. American Concrete Institute ACI 201.1R Guide for Making a Condition Survey of Concrete in Service ACI 364.1R Guide for Evaluation of Concrete Structures Prior to Rehabilitation ACI 503R Use of Epoxy Compounds with Concrete ACI 503.5R Guide for the Selection of Polymer Adhesives with Concrete ACI 546R Concrete Repair Guide ACI 546.1R Guide for Repair of Concrete Bridge Superstructures These publications may be obtained from: American Concrete Institute P. O. Box 9094 Farmington Mills MI 48333-9094 American Society for Testing and Materials ASTM C 823 Standard Practice for Examination and Sampling of Hardened Concrete in Constructions ASTM C 881 Standard Specification for EpoxyResin-Base Bonding Systems for Concrete ASTM C 1059 Standard Specification for Latex Agents for Bonding Fresh to Hardened Concrete ASTM D 4258 Practice for Surface Cleaning Concrete for Coating ASTM D 4259 Practice for Abrading Concrete ASTM D 4263 Test Method for Indicating Moisture in Concrete by the Plastic Sheet Method These publications may be obtained from: American Society for Testing and Materials 100 Barr Harbor Drive West Conshohocken PA 19428-2959 7.2—Cited references Department of the Army, Corps of Engineers, EM 1110-22002, Evaluation and Repair of Concrete Structures, Washington DC, June 30, 1995. This report was submitted to letter ballot of the committee and was approved in accordance with ACI balloting procedures.
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