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SECTION 030132
CRACK REPAIRS BY EPOXY INJECTION

SEE INFORMATION AT END OF THIS SECTION BEFORE USING THIS SECTION.DRAWINGS SHOULD DEFINE SCOPE OF CRACK REPAIRS BY EPOXY INJECTION.  A QUANTITY SHOULD BE INDICATED IF IT IS NOT FEASIBLE TO BID THIS WORK ON A LUMP SUM BASIS.
THE ADD AND DEDUCT ARTICLE HAS BEEN DELETED FROM THIS SECTION ON DIRECTION FROM THE DIRECTOR OF DIVISION OF DESIGN.  CONTINUE TO STATE QUANTITIES OF WORK ON THE DRAWINGS.  ANY VARIANCE IN THE QUANTITY OF WORK WILL BE NEGOTIATED BY A FIELD ORDER OR CHANGE ORDER TO THE CONTRACT.
PART 1   GENERAL

1.01
SECTION INCLUDES


A.
Structural repair of cracks in concrete by permanently rebonding the concrete with epoxy resin adhesive injected under pressure with special equipment.

NOTE:  THIS SECTION COULD ALSO BE USED TO WATERPROOF CRACKS AND “COLD” JOINTS.  IF ONLY WATERPROOFING OF CRACKS IS REQUIRED, MODIFY SECTION TITLE, MODIFY OR DELETE 1.02 BELOW, DELETE TESTING REQUIREMENTS, AND MAKE OTHER APPLICABLE CHANGES TO SUIT THE WORK.  IF (CONSTRUCTION) JOINTS ARE TO BE INJECTED, MAKE SIMILAR CHANGES TO INCLUDE THE JOINTS.
1.02
RELATED WORK SPECIFIED ELSEWHERE


A.
Concrete Rehabilitation:  Section 030131.


B.
Masonry Restoration:  Section 040121.

1.03
PERFORMANCE REQUIREMENTS


A.
Seepage of water through cracks repaired under the Work of this Section will be regarded as defective Work subject to the one year guarantee required by the General Conditions.

1.04
SUBMITTALS


A.
Product Data:  Manufacturer’s printed specifications and installation instructions for epoxy adhesive and surface seal material.


B.
Quality Control Submittals:



1.
Test Reports:




a.
Submit reports for tests specified under Source Quality Control.




b.
If requested, submit test reports for all specified characteristics and properties of the epoxy adhesive materials from an Independent Testing Laboratory.



2.
Certificates:  Epoxy adhesive manufacturer’s written certification that each batch of epoxy adhesive material shipped for this Project complies with the requirements of these specifications.

1.05
QUALITY ASSURANCE


A.
Installer’s Qualifications:  Epoxy injection shall be performed by a firm that is licensed or approved by the epoxy adhesive manufacturer to perform such work.  In addition, the person supervising the epoxy injection shall be experienced in epoxy injection, and shall have been regularly employed for a minimum of five years by a company specializing in repairing cracks by epoxy injection.



1.
If requested, furnish to the Director the names and addresses of five similar projects for which the supervisor has supervised epoxy injection work.


B.
Workers’ Qualifications:  Workers engaged in the Work of this Section shall have satisfactorily completed a program of instruction in the epoxy injection process.  The instruction shall include this specific method of repairing cracks in concrete, the technical aspects of correct material use, and the operation, maintenance and checking of equipment.

FOR MINOR WORK, CHECK WITH ENGINEER ABOUT DELETING SOME OR ALL TESTING REQUIREMENTS IN C. AND, D. BELOW, 1.03 C., LAST SENTENCE OF NOTE AT END OF 2.01 A., AND 3.04.

C.
Testing Agency:  Tests for all specified characteristics and properties of the epoxy adhesive materials shall have been performed by a qualified Independent Testing Laboratory and copies of the test results shall be available.  Tests indicated under Source Quality Control shall be performed by the adhesive manufacturer.


D.
Source Quality Control:  The following quality control tests shall be performed on each lot of epoxy adhesive materials supplied for this Project.  Tests shall be conducted using the test methods indicated in Part 2.



1.
Resin viscosity at 77 degrees F and epoxide equivalent weight.



2.
Hardener viscosity at 77 degrees F and amine value.



3.
Combined components pot life at 77 degrees F.



4.
Cured (for 7 days) adhesive ultimate tensile strength and tensile elongation at break; and slant shear strength for wet/wet concrete cured 3 days.


E.
Material Container Labels:  Material containers shall bear a manufacturer’s label indicating manufacturer’s name, trade name of product, lot number, shelf life of product, and mix ratio by volume.

PARAGRAPH BELOW IS FOR PUMPING LIQUID RESINS.  IF A GEL RESIN IS REQUIRED BY JOB CONDITIONS, MODIFY F. FOR GEL PUMPING EQUIPMENT; CONSULT MANUFACTURERS’ LITERATURE.

F.
Equipment for Injection:  The injection equipment shall meter and mix the adhesive components, and inject the mixed adhesive into the cracks.  Equipment shall be a portable, positive displacement type pump unit with interlock to insure exact ratio control of the two components at the nozzle.  Unit shall have metering pumps, electrically or air powered, which will provide in-line metering and mixing of the adhesive components.



1.
Discharge Pressure:  The injection equipment shall have automatic pressure control capable of discharging the mixed adhesive at any pre-set pressure up to 200 psi (within a tolerance of plus or minus 5 psi), and shall be equipped with a manual pressure control override.



2.
Ratio Tolerance:  The injection equipment shall have the capability of maintaining the volume ratio for the adhesive, as prescribed by the manufacturer of the adhesive, within a tolerance of plus or minus 5 percent by volume at any discharge pressure up to 200 psi.



3.
Automatic Shut-Off Control:  The injection equipment shall have sensors on both component reservoirs that will automatically stop the machine when only one component is being pumped to the mixing head.

1.06
DELIVERY AND STORAGE


A.
Deliver materials to the site in original, sealed containers bearing manufacturer’s label.  Do not deliver materials which have exceeded shelf life limitation set forth by the manufacturer.


B.
Comply with manufacturer’s printed instructions for storing materials in original, sealed containers at a temperature between 32 degrees F and 90 degrees F.

1.07
PROJECT CONDITIONS


A.
Environmental Requirements:  Comply with manufacturer’s recommendations for conditions under which materials can be applied.

PART 2   PRODUCTS

2.01
MATERIALS

NOTE INSTRUCTIONS FOR A. BELOW IN INFORMATION AT END OF SECTION.

A.
Epoxy Adhesive:  Two component, low viscosity, epoxy resin adhesive system containing 100 percent solids, with no solvents or non-reactive diluents, which meets the following characteristics and properties:



1.
Resin:  Blend of epoxy resins.




a.
Viscosity at 40 + 3 degrees F, cps (Brookfield RVT Spindle No. 4 at 20 rpm):  6,000 - 8,000.




b.
Viscosity at 77 + 3 degrees F, cps (Brookfield RVT Spindle No. 2 at 20 rpm):  300 - 700.




c.
Epoxide Equivalent Weight (ASTM D 1652):  160 - 220.




d.
Ash Content, percent (ASTM D 482):  1 maximum.



2.
Hardener:  Blend of amine curing agents.




a.
Viscosity at 40 + 3 degrees F, cps (Brookfield RVT Spindle No. 2 at 20 rpm):  700 - 1,400.




b.
Viscosity at 77 + 3 degrees F, cps (Brookfield RVT Spindle No. 2 at 20 rpm):  100 - 400.




c.
Amine Value, mg K0H/g (ASTM D 664):  490 - 560.




d.
Ash Content, percent (ASTM D 482):  1 maximum.



3.
Pot Life of the Combined Components:  When mixed in the ratio recommended by the manufacturer for use, material shall have pot life as follows:




a.
60 g at 77 + 3 degrees F:  13 - 55 minutes.



4.
Properties of the Cured Adhesive:  When cured for 7 days at 77 + 3 degrees F, material shall have the following properties:




a.
Ultimate Tensile Strength, psi (ASTM D 638):  5,000 minimum.




b.
Tensile Elongation at Break, percent (ASTM D 638):  4 maximum.




c.
Flexural Strength, psi (ASTM D 790):  10,000 minimum.




d.
Compressive Yield Strength, psi (ASTM D 695):  10,000 minimum.




e.
Slant Shear Strength, psi (AASHTO T 237, 5,000 psi compressive strength concrete):





1)
Cured 3 days at 40 + 3 degrees F, wet/wet concrete:  3,500 minimum.





2)
Cured 7 days at 40 + 3 degrees F, wet/wet concrete:  4,000 minimum.





3)
Cured 1 day at 77 + 3 degrees F, dry/dry concrete:  5,000 minimum.



NOTE:
Minor modifications to the indicated test methods, which are standard industry procedures for testing epoxy adhesives, may be made.  Test reports shall indicate such modifications.

DELETE LAST NINE WORDS IN B.BELOW IF APPEARANCE IS NOT IMPORTANT.

B.
Surface Seal:  Material with adequate strength and adhesion to hold injection fittings firmly in place and to prevent leakage of epoxy adhesive during injection, and removable without damaging or defacing structure being repaired.

DELETE “COLOR” AND “TEXTURE” FROM C. BELOW IF APPEARANCE IS NOT IMPORTANT.

C.
Finishing Patching Materials:  As required to match color, texture, and performance of adjoining surfaces as closely as practicable.

PART 3   EXECUTION

3.01
PREPARATION


A.
Clean cracks and adjacent surfaces free of loose material, dust, dirt, grease, oil, efflorescence, and other foreign matter in accordance with epoxy adhesive manufacturer’s printed instructions and as required for proper bonding of surface seal.  Do not use acids or corrosives.


B.
Establish entry ports along each crack spaced at intervals not less than the thickness of the concrete member being repaired.


C.
Apply surface seal material to the face of each crack between the entry ports as required to prevent escape of injected epoxy adhesive.  For cracks all the way through the concrete member, apply surface seal to both faces of cracks where accessible.  Allow sufficient time for the surface seal material to gain adequate strength before proceeding with epoxy injection.


D.
If cracks extend into moving joints, plug or seal off the cracks at the joints.

3.02
EPOXY INJECTION


A.
Set up and check injection equipment and material in accordance with the manufacturer’s instructions and as specified.  Do not thin epoxy adhesive.


B.
Beginning at the lowest entry port in the crack, unless otherwise recommended by the installer because of the configuration of the crack, inject epoxy adhesive in the entry port until there is an appearance of adhesive at the next adjacent entry port.  When epoxy adhesive travel is indicated at the next adjacent port, discontinue injection in the port, seal off the port, and resume injection in the next adjacent port.  Continue this procedure until the crack has been injected full of epoxy adhesive for its entire length in one continuous operation.  For horizontal cracks, proceed from one end of the crack to the other end in the same manner.  Seal the last port, and allow the adhesive to cure.


C.
If port to port travel of epoxy adhesive does not result after a reasonable amount of pumping, stop injecting adhesive.  Report abnormal conditions (if any) immediately to the Director’s Representative.

3.03
FINISHING


A.
Remove surface seal and entry port fittings when epoxy adhesive has sufficiently cured to allow removal without disturbing the adhesive.

DELETE LAST SENTENCE OF B. BELOW IF APPEARANCE IS NOT IMPORTANT.

B.
Fill the face of the crack out flush with the concrete surface plane with patching materials.  Eliminate indentations and evidence of port fittings.  Finish patches to match texture of adjoining concrete surface as closely as practicable.

3.04
FIELD QUALITY CONTROL


A.
Furnish equipment necessary to perform field testing.

CORE TESTING MAY BE INCLUDED UNDER FIELD QUALITY CONTROL IF DIRECTED BY STRUCTURAL ENGINEER.  CORE TESTING SHOULD BE CONSIDERED FOR LARGE REPAIR PROJECTS AND PROJECTS WITH SERIOUS STRUCTURAL PROBLEMS, BUT IT IS COSTLY AND COULD DAMAGE REINFORCEMENT.(IT IS IMPERATIVE THAT NO TENDONS BE CUT IN PRESTRESSED MEMBERS.)  IF REQUIRED, CONSULT ADHESIVE MANUFACTURERS’ LITERATURE FOR CORE TESTING SPECIFICATIONS, AND ADD “TEST HOLE PATCHING MATERIALS” (BONDING AGENT AND GROUT MIX) UNDER PART 2 AND “FILLING OF TEST HOLES” UNDER “FINISHING” IN PART 3.  CORE TESTING SHOULD BE DONE AS THE EPOXY INJECTION PROCEEDS.

B.
Pressure Test:  The mixing head of the injection equipment shall be disconnected and the two supply lines shall be attached to a pressure check device.  The pressure check device shall consist of two independently valved nozzles capable of controlling flow rate and pressure by opening or closing the valve.  There shall be a pressure gauge capable of sensing the pressure build-up behind each valve.  The valves on the pressure check device shall be closed and the injection equipment operated until the gauge pressure on each line reads 190 psi.  The pumps shall be stopped and the gauge pressure shall not drop below 180 psi within 3 minutes.


C.
Ratio Tests:  The mixing head of the injection equipment shall be disconnected and the two adhesive components shall be pumped simultaneously through a ratio check device.  The ratio check device shall consist of two independently valved nozzles capable of controlling back pressure by opening or closing the valve.  There shall be a pressure gauge capable of sensing the back pressure behind each valve.  The discharge pressure shall be adjusted to 180 psi for both adhesive components, and then the components shall be simultaneously discharged into separate calibrated containers.  The amounts discharged into the containers during the same time period shall be compared to determine the volumes and the ratio of the components.  The test shall be repeated with the discharge pressure adjusted to 0 psi for both adhesive components.


D.
Frequency of Pressure and Ratio Tests:  A pressure test and ratio tests shall be performed for each injection equipment unit at the beginning of each shift and after the meal break of each shift that the unit is used.



1.
Perform additional tests when directed by the Director’s Representative.


E.
Records of Tests:  Record the date and results of all tests, and furnish a copy of the test records to the Director’s Representative.

3.05
CLEANING


A.
Remove adhesive runs and spills from existing surfaces by a method which will not deface the surfaces being cleaned.

END OF SECTION

THE REMAINDER OF THIS DOCUMENT IS FOR INFORMATION ONLY; NOT TO BE INCLUDED IN PROJECT SPECIFICATIONS.

SPECIFYING EPOXY ADHESIVE (PARAGRAPH 2.01 A.)

There are various epoxy adhesives which are suitable for injection into cracks in concrete to structurally rebond the concrete under certain conditions.  A specific epoxy adhesive should be selected and specified (generically if possible) for each project based on the properties of the adhesive, existing  physical conditions of the structure, expected future conditions which will have an effect on the structure, and character of the cracks.  The structural engineer should select the adhesive after making a study of the repair problem and, if necessary, consulting with adhesive manufacturers’ engineers.

The cause of the cracking should be determined, and steps should be taken to eliminate the cause to prevent further cracking.  Cracks should be checked for movement.  If considerable movement indicates the building has developed its own “expansion joints”, do not fill those moving joints with epoxy adhesive.

The epoxy adhesive specified in Paragraph 2.01 A. is one of the most commonly used types.  This adhesive is generally used for cracks 4 mils or greater in thickness, with and without considerable moisture in the cracks, and when the surface temperature at the time of injection is between 50 degrees F to 105 degrees F.  The following products comply with Paragraph 2.01 A.:  “Concresive Standard LVI” or “Concresive 1380” Master Builders, Inc.; “Sikadur Hi-Mod LV (Sikastix 350)” by Sika Chemical Corporation; “Eva-Pox Injection Resin (Product No. 4)” by Epoxy Industries, Inc.; “Niklepoxy Concrete Injection Resin (Product No. 3)” by Rocky Mountain Chemical Company; and “Structural Epoxy Resin 3516” by Deco-Rez Division of General Polymers Corporation.

Certain factors (such as low temperature at time of injection, very small or large crack width, and cracks subject to a head of water) dictate changing to another type of epoxy adhesive.  More than one type of epoxy adhesive may be required to suit all existing conditions; if so, specify the required adhesives by type.

END OF INFORMATION
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