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Presenter
Presentation Notes
There are excellent concrete repair references that can be found on the web that are free.  Two very good references are those from Reclamation and the Corps.  Just search for there publications and choose the Reclamation guide or Corps engineering manual for concrete repair.



The Concrete Repair Process
• Investigate the problem.
• Develop a repair or replace plan.
• Remove all unsound material.
• Clean all steel and concrete.
• Ensure good cavity geometry.
• Provide 3/4” clearance under all steel.
• Apply bonding agent to old concrete.
• Use a properly proportioned repair mix, 

compatible with old concrete.
• Properly place, consolidate, and cure the 

repair mixture. 
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Presenter
Presentation Notes
Concrete repair is a step-by-step process and it requires some fundamental knowledge of concrete, concrete repair materials, and bonding mechanisms.  It begins with an investigation into the cause and extent of the problem and developing a plan to repair the concrete.  If the structure damage is extensive, it may be prudent to replace the structure.



Investigate The Problem
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Presentation Notes
Repairs are necessary for both old and new concrete.  Before a plan for repairing the concrete can be developed, the problem must be fully understood.  Two questions must be answered.  1. What caused the problem?  2. What is the extent of the problem?  The problem in the photo was caused by inadequate consolidation which led to honeycombed concrete.  The extent of the problem was determined by chipping away the honeycombed concrete until only solid concrete remained.  The contractor was given the opportunity to repair or replace the structure.  He chose repair.



Repair Plan
• How will unsound concrete be removed?
• How will good cavity geometry be attained?
• How will bonding surface be cleaned?
• What type of bonding agent will be used?
• How will bonding agent be applied?
• What repair material will be used?
• How will repair material be installed?
• How will repair material be cured?
• What finishing technique will be used?

5

Presenter
Presentation Notes
After the problem has been fully investigated, a repair plan must be developed and approved by the responsible engineer.  The answers to these questions must be addressed in the plan.  The plan should be developed and reviewed and approved by those who understand basic fundamentals of quality concrete and have a working knowledge of the chosen bonding agent and repair materials that are proposed in the plan.  



Remove all unsound material and 
clean steel and concrete

• Saw
• Wire brush
• Sandblast
• Shot-blast
• Chipping hammer
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• Jackhammer
• Hydro jet
• Scarify
• Acid etch

Presenter
Presentation Notes
Unsound material can be honeycombed material which is concrete that was not well consolidated and contains a lot of voids or an old concrete surface that has deteriorated over time.  All of the unsound material must be removed.  Removal with impact equipment like a jackhammer can cause damage to the concrete that will remain in place.  The chosen method of removal should be controlled to prevent damage to the portion of the structure that will remain in place.



Cleaning of Reinforcing Steel

• If the rebar has lost more than 25% of 
it’s original section, then splice on a new 
bar. 

• Sandblast rebar that has heavy 
oxidation. 
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Presentation Notes
If you must splice in a new bar, more than just the unsound concrete may have to be removed  in order to attain the require minimum lap splice length.  The absolute minimum lap splice length is 30d where d = bar diameter.  So for a #4 bar (#4 bar has a ½” diameter), the lap splice length would be 30 x ½” = 15” or more if a qualified engineer determines that a longer splice length is needed.

Any remaining rebar containing flaky rust must be cleaned to remove the flaking rust.  Sandblasting is a good way to clean rebar, but a wire brush may be adequate.



Good Cavity Geometry

Edges sawed or chipped to a depth of 1”
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Presenter
Presentation Notes
For the repair shown here, the perimeter of the repair area was first sawed to a one inch depth.  This is necessary to avoid any featheredges at the perimeter of the repair cavity.  Then the unsound concrete was removed with an air chisel or chipping hammer.  



Concrete Removal and 
Exposed Rebar
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d

>1/2 d

> 3/4”

< 50% 
exposed 

> 50% 
exposed 

3/4” clearance under steel that is >50% exposed 
No clearance required under rebar <50% exposed

Presenter
Presentation Notes
After concrete is removed, there may be steel reinforcement that is only partially exposed.  If less than 50% of the steel cross-section is exposed and the steel is in good condition, no more concrete removal is necessary.  If more than 50% of the steel is exposed, additional concrete must be removed to a depth of at least ¾ inches behind the steel bar(s).




Surface Preparation

• Remove  laitance and weathered surface 
concrete to a sound bonding surface

• Thoroughly clean the bonding surface
• If the bonding agent requires a moist 

surface, moisten the surface prior to 
applying bonding agent

• Remove any standing water
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Presentation Notes
The surface of concrete deteriorates over time and becomes weak.  This weak layer should be removed for a strong bond between old concrete and the repair material.  This is usually done by sand blasting.  

The horizontal surface of new concrete is generally weaker than the concrete just below the surface.  This weak concrete and any laitance (laitance is a thin film of paste that remains on the surface after bleed water disappears) should be removed prior to placing fresh concrete on the surface.  If the concrete is relatively young, the surface may be prepared by pressure washing to remove the laitance, any weak concrete, and to clean the surface.

The surface must be free of any dirt, oil, or other deleterious substance.  Sand blasting will remove these substances; pressure washing with clean water will generally remove dust and sand left over from sand blasting. 

Historically it was thought that, for Portland cement based bonding agents and repair materials, the bonding surface should be moist so that it doesn’t wick moisture from the repair material.  Specifications required the surface be in the saturated-surface-dry condition with no standing water.  Recent laboratory studies have shown that concrete bonds better to a dry surface than one that is moist.  If a Portland cement bonding agent is brushed into the surface, it probably makes little difference whether the surface is dry or damp because a neat-cement grout or sanded-cement grout usually has plenty of water in it so that there will be little chance of there not being enough water to hydrate the cement in the bonding grout. On hot dry windy days, a moist surface will help to keep the bonding agent from drying out before the concrete can be place over it.



Apply Bonding Agent

• Portland cement 
• Polymers

– Latex
– Epoxy
– Others
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Presenter
Presentation Notes
Portland cement based bonding agents include neat-cement grout and sanded grout.  Latex and epoxy are polymers that are commonly used for bonding agents. Latex bonding agents are diluted with water and mixed with neat-cement or sanded-cement bonding agents.  Epoxy bonding agents are generally not mixed with other materials.

Bonding agents are needed for bonding fresh concrete to old concrete but may also enhance the bond between new concrete and fresh concrete placed above the new concrete.  When repairing new concrete, consideration should be given to the age of the new concrete.  If the concrete is only a few days old and it has been properly cured, a bonding agent is not needed.  The ease of applying the bonding agent should also be considered.  If it is going to be difficult to apply the bonding agent to a bonding surface, say down in wall forms containing reinforcing steel, the slight bond improvement gained with a bonding agent may not warrant its use.



Why Bonding Agents Are Needed
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Without Bonding Agent

Bonding Agent

New Concrete

Existing Concrete

New Concrete

Existing Concrete

Presenter
Presentation Notes
Hardened concrete paste, especially old concrete paste is pitted and contains small air voids throughout and at the surface.  You don’t notice this with the naked eye, but under a microscope you would observe that the surface contains pits and crevasses.  When new concrete is placed over old concrete, air is entrapped in these pits and crevasses so that the concrete only bonds to the peaks.  This substantially reduces the contact surface and resulting overall bond strength.  The surface of the old concrete is relatively weak and should be removed to expose the better underlying concrete.  After the weak surface concrete is removed, bonding agents are applied to fill the remaining tiny pits and crevasses so that the maximum bonding surface contact area can be attained.
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Presentation Notes
Bonding agents should be worked into the bonding surface with a stiff bristled broom or brush.  This is a very important step that is necessary to drive out the air from the pits and crevasses and replace it with the bonding agent.   

A broom or brush should not be used to spread sanded grout as they will broom or brush the sand out of the grout.  Sanded grout can be spread with an asphalt/concrete rake.



Latex Bonding Agents and 
Additives
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Presentation Notes
There are several latex bonding agents and additives on the market.  When used as a concrete bonding agent, experience has shown that mixing the liquid latex with neat-cement grout or sanded grout is preferable to using it alone or in a 1:1 dilution with water.  Neat-cement grout is simply Portland cement and water that is proportioned to have the consistency of a milkshake.  Sanded grout is neat-cement grout mixed with fine sand.  When modified with a latex, part of the water is replaced with the liquid latex.  

When used alone or diluted with water, latex can produce a failure plane.  One reason for this may be the short set time; if the fresh concrete is not placed over the latex bonding agent in a timely manner the latex may set up before it has a chance to bond with the fresh concrete.  It will then be a bond breaker; sort of like putting a sheet of thin plastic between the old and new concrete.  To avoid this, it is best to mix the latex or diluted latex with neat-cement or sanded grout so that, if it sets up before being covered with the fresh concrete, it is a Portland cement based layer that will bond with the concrete that is placed above/against it.  
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Presentation Notes
This table covers the four major types of latex bonding agents. The first three are used for bonding to Portland cement concrete; the fourth is used for bonding to plaster.  Note that acrylic is primarily used as a bonding agent. Non-re-emulsifiable polyvinyl-acetate is used as a bonding agent and as an additive to thin layer toppings or what is commonly called thin-bonded overlays.  Butadienestrene can be used as a bonding agent, a thin bonded overlay additive, and a concrete admixture.  When you specify or shop for a latex bonding agent, make sure it is the correct type for your application.
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Presentation Notes
This latex product is sold at some of the big box stores and also sold for commercial use.  This is a Sika product called SikaLatex. The Sika company makes several bonding agents and concrete additives.  This product is versatile in that it can be used for a bonding agent, a thin bonded overlay additive, and a concrete additive.
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Presentation Notes
Even though acrylic is primarily used as a bonding agent, Sika sells this acrylic to be used as an admixture as well as a bonding agent.  (An admixture or concrete additive is something that is added to concrete to improve its fresh or hardened properties.)
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Presentation Notes
The SikaLatex data sheet includes this information on how to use the product.  Note the surface preparation.  This is typical for all bonding surface preparation except the part about dampening it with water.  Dampening with water may not be necessary; it is something that is held over from “the way we’ve always done it”.  Old habits are hard to break.  The bonding surface may be moistened for Portland cement bonding agents and for latex bonding agents but not for epoxy bonding agents.

As an admixture, the latex replaces water in the mix.  One reason this makes the concrete stronger and less permeable is that, unlike water, any of the latex solution that is not used for cement hydration sets up and becomes solid particles within the hardened concrete.   Conversely, unused water would evaporate leaving entrapped air voids in the concrete.  

Note that when used by itself and diluted 1:1 with water, the product is used as a primer for acrylic coatings.  The 1:1 dilution by itself is not recommended as a concrete bonding agent.  For bonding, the diluted product is mixed with Portland cement and sand.  You can leave out the sand, but sand is added as a filler for its economic benefit if a large amount of bonding agent is needed, say for bonding a large slab overlay.

The application instructions must be strictly adhered to.  Note the requirement to brush the bonding agent into the bonding surface and to apply the topping immediately before it dries.  The rate of drying depends on the ambient temperature, wind, humidity, the bonding agent temperature, and the temperature of the bonding surface; it can dry quickly.

If you are using it as an admixture, note that it says “do not over-finish”. If you are troweling latex-modified mortar into a thin repair cavity, it should be troweled in and left alone until it sets up.   It is tempting to keep troweling it to a smooth finish so you have less finishing work to do after it sets. But if you continue troweling it to a smooth finish, it will begin to set and become crumbly.   Then you must remove it completely and start over.




SikaLatex Limitations
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Presentation Notes
As with any bonding agent or concrete additive, there are limitations and precautions that must be observed.   These products work well with strict adherence to the manufacturer’s recommendations.  Failure to strictly adhere to the manufacturer’s recommendations generally results in having to redo the repair.



Epoxy Repair Products
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Presentation Notes
Like latex repair products, there are several epoxy repair products on the market sold for individual and industrial use.  Epoxy products are used for bonding agents and to make epoxy mortar or concrete.  Epoxy mortar and concrete is epoxy resin that contains aggregate.  Mortar contains aggregate up to 3/8” in size; and concrete contains aggregate larger than 3/8”.  The epoxy resin is to epoxy concrete as cement paste is to Portland cement concrete.



Epoxy Bonding Agents

• ASTM C881- Standard Specification for 
Epoxy-Resin-Base Bonding Systems for 
Concrete

21

Presenter
Presentation Notes
Epoxy bonding agents that meet ASTM C881 requirements are used to bond concrete to concrete and other materials.  C881 does not cover epoxy-resin-based bonding systems that have been modified by adding components such as cement, fine aggregate, or fibers.  C881 classifies bonding systems into seven types designated by Roman numeral.  Each type is for a specific application.  For example Types IV and V are both used in load bearing applications, but Type IV is for bonding hardened concrete  to hardened concrete (for bonding together precast members), whereas Type V is for bonding freshly mixed concrete to hardened concrete.  C881 further classifies epoxy-resin-based bonding systems by Grade 1 (low viscosity), Grade 2 (medium viscosity) and Grade 3 (non-sagging consistency).  Then it provides a classification for six ranges of application temperature with Class A having the lowest application temperature at 40oF and Class E having the highest application temperature at 80oF.

It is easy to see that specifying the applicable type, grade, and class of epoxy bonding agent is necessary for the highest probability of success.  When specifying or ordering epoxy bonding agents, refer to C881 to determine the type, grade, and class needed for your application.  



Presenter
Presentation Notes
EUCO #452 Epoxy System from EUCLID Chemical Company was used as a bonding agent for a NRCS concrete repair.  This photo shows the product spread on the clean rough surface of existing concrete just prior to placing fresh concrete above it.
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Presentation Notes
This Five Star product is an epoxy bonding agent.  Reference ASTM C881 to determine if it will work for the specific application.  The Five Star company claims, as a selling point, that this product is insensitive to moisture, but you need to read further in the manufacturer’s placement guidelines because all epoxy bonding products bond better to dry surfaces than moist surfaces.
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Presentation Notes
Note that bonding surface preparation is similar to that for other bonding agents with one exception, the surface should be dry, not saturated surface dry as with other bonding agents.  So the Five Star company advertises that the product is moisture insensitive then tells you the bonding surface should be dry.  Just remember, a dry bonding surface is commonly required and always best when epoxy bonding agents are used.  

These placement guidelines say that the product can be sprayed, brushed, or rolled, but it is always best to brush it into the surface with a stiff bristled brush.  Just don’t overwork it or it may begin to set up before it is covered with fresh concrete.



Portland Cement Based 
Bonding Agents

• Neat-cement grout
• Sanded grout
• Latex modified grout

25

Presenter
Presentation Notes
Neat-cement grout is simply Portland cement mixed with enough water to form a mixture that is the consistency of a milkshake or mayonnaise.  It can be mixed with a fine sand filler (the sand must be fine approximately minus 40 material) to reduce the amount of cement used if a large amount of bonding agent is needed for projects such as a large slab or highway overlay.  A latex additive can be added to enhance bond.  

Repairs of relatively new concrete generally do not require a bonding agent.  For most small repairs of old concrete, neat-cement grout is all that is needed for a bonding agent.  It is inexpensive and simple to use.  Unlike straight latex or latex diluted with water, it will not become a bond breaker if it sets up before it is covered with the fresh concrete.  This is important for a couple of reasons.  One is that it may be necessary to install forms after applying the bonding agent.  If the neat cement grout sets up, it will still enhance the bond.  The second reason for using neat cement grout for a bonding agent is that it does not require the worker skill level that is required if products such as latex or epoxy are used.
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Presentation Notes
Before moving on to the repair materials that will be used to fill the repair cavity, lets review bonding surface preparation and bonding agents.  This slide was shown earlier but is worth repeating.  Remember to remove the surface of old concrete and ensure that it is clean; it may be moist but must contain no standing water; it must be dry if an epoxy bonding agent is being used.  Bonding agents should be worked into the bonding surface with a stiff bristled broom or brush.  The broom should not be used to spread sanded grout as it will brush the sand out of the grout.  Sanded grout can be spread with an asphalt/concrete rake.  

The bonding agent should be covered with fresh concrete immediately after it is put down.  This is especially important for latex and epoxy bonding agents.  It is necessary to mix latex bonding agents with Portland cement grout or sanded grout. 



Properly Proportioned Repair 
Materials

• Modulus of elasticity
• Coefficient of thermal expansion
• Permeability
• Skid resistance
• Freeze-thaw durability
• Resistance to chemicals
• Setting time
• Strength gain
• Compressive strength 27

Presenter
Presentation Notes
After determining which bonding agent to use, we must choose a repair material.  The repair material and the concrete being repaired needs to have compatible properties such as modulus of elasticity and coefficient of thermal expansion so that they can move together when subjected to stress caused by loading or changes in temperature.  The other items listed here may or may  not be all that important depending on the application.

No one repair material can be considered superior to other repair materials.  The best repair material for one job may not be well suited for another job.  It is important to understand fundamentals of quality concrete and to thoroughly research bonding agents (when used) and repair materials before deciding on or approving the products that will be used.



Properly Proportioned Repair 
Mix

• Tensile and bond strength
• Ease of placement
• Curing time
• Placement temperature
• Ventilation
• Patch thickness
• Color
• Cost
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Presentation Notes
All of these items, when applicable, should be considered when choosing a repair product.  Tensile and bond strength are always important.  Ease of placement is generally important for most NRCS jobs because, the work is often done by folks that are not highly skilled in concrete repair.  There are companies and contractors that focus on concrete repair that are highly skilled, but these are generally enlisted for major concrete repair work and are not an economically feasible option for many NRCS concrete repair jobs.  

Curing of Portland cement mortar or concrete is critical and, as mentioned earlier, is much more critical for thin patches that tend to dry out quickly.  The mortar or concrete should be kept continuously wet for seven days or cured with a curing compound.  But curing compound doesn’t work as well for thin patches as it does for thicker concrete because the thin patch begins to dry out before the patch can be finished and the curing compound applied.  It is best to wet cure thin patches for seven days or at least three days followed by applying a curing compound. 

Some products can only be applied within a narrow temperature range.  This must be considered when choosing the repair mix.  

Ventilation is required if epoxy is used.

Patch thickness is important because very thin patches may best be repaired with a latex-modified mix or with an epoxy.

Color matching may not be important.  If it is, coating the entire structure with a concrete coating may be required as it is generally difficult if not impossible to match the color of repair materials with old concrete.

The cost of repair plans can cover a wide range.  Choosing an expensive repair does not always guarantee good results.  In most cases, keeping the repair plan as simple as possible is the best way to control costs and improve the potential for success.  This requires some fundamental knowledge of quality concrete and care in following manufacturer’s recommendations when applicable.



Types of Repair Materials 
(Portland Cement Products)

• Portland Cement Concrete (PCC)
• Portland Cement Mortar (PCM)
• Low Slump PCC
• Superplasticized PCC
• Fiber reinforced PCC
• Dry Pack Mortar
• Shotcrete
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Presentation Notes
PCC and PCM are generally adequate and require less skill and quality control to be successful.  Both cost less than latex-modified mortar or concrete or epoxy mortar or concrete.

Low slump Portland cement mixtures are desired to reduce shrinkage and promote volume stability.  

Superplasticizer is often used to make flow able PCC or PCM that has the volume stability of low slump PCC PCM. Superplasticizer is often used to make flow able PCC or PCM that has the volume stability of low slump PCC PCM.  (Volume stability refers to the repair products ability to not settle so that it completely fills the repair cavity without a void forming at the top of the repair.  Many in the concrete industry and most manufacturers use the term non-shrink to imply good volume stability, but this is not the proper term as shrinkage is the property that causes concrete to crack after it sets up.)

Fibers can be added to control cracking.

Dry pack mortar is one of the best repair products for repairing small cavities.

Shotcrete is an excellent repair material because when it is shot onto the surface some of the paste fills pits and crevasses that are not normally filled with conventional concrete and water is squeezed from the mix resulting in a low water to cement ratio (w/c).  




Types of Repair Materials

• Polymer modified products
– Latex modified PCM and PCC
– Epoxy modified PCM and PCC

• Epoxy Concrete
• Others
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Presentation Notes
There are several polymers (plastics) that can be used to modify PCM and PCC; two polymers that are commonly used for modifying PCM and PCC are latex and epoxy.   These can improve properties that promote durability, bonding, and strength.  But, they introduce a level of complexity and cost that is often not needed for a successful repair.

Epoxy can be used as the sole binder for epoxy mortar or concrete.  Epoxy is to epoxy mortar or concrete as Portland cement paste is to PCM and PCC.




Quality PC Products

• PCM – Portland Cement Mortar
• PCC - Portland Cement Concrete
• PMM – Polymer-Modified Mortar
• PMC – Polymer-Modified Concrete
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Presentation Notes
All of these products start with a quality paste made of Portland cement and water, then quality well graded fine aggregates are added to make mortar; coarse and fine aggregates are added to paste to make concrete.  Polymers such as latex or epoxy can then be added to improve certain properties.



PCM, PCC, PMM, and PMC

• Low water cement ratio: 0.40 or less
• Minimum strength
• Well graded and proportioned 

aggregate
• ASTM C33 quality aggregates
• Aggregate size 1/3 or less repair 

thickness
• Install quickly after mixing
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Presentation Notes
Portland cement mortar and concrete (PCM and PCC) and polymer modified PCM and PCC share the same fundamental characteristics.  Low w/c is a fundamental characteristic of quality Portland cement based concrete products.

For structural repairs strength is a concern and should be specified and verified by testing.  For non-structural repairs, strength is generally a secondary concern to volume stability and durability. 

Aggregate grading and quality are fundamental to quality mortar and concrete.  Maximum aggregate size must be controlled so that the repair mix can be conveyed into and consolidated in the repair cavity.

All of these repair materials must be installed quickly after mixing; the polymer enhanced repair materials generally have a shorter pot life than Portland cement based materials.



Mix Design Continued:

• Air entrained 5 – 7 %
• Water reducing admixture
• Superplasticizer
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Presentation Notes
Small-aggregate mixes having a maximum aggregate size of less than 1” require 5 to 7% entrained air for freeze/thaw protection.  Air entrainment also reduces permeability and improves workability.

Water reducing admixtures allow for low w/c mixtures to be used.  High range water reducing admixtures or superplasticizers allow low w/c mixtures to have high slump and the attendant good workability with low potential for segregation.



Dry Pack Mortar

• 1 part cement and 2 parts fine sand
• Enough moisture to create a ball
• Place the zero slump mortar into the 

confined space in ½-inch thick layers 
and compact it with a wooden stick 

• Great for filling snap-tie cone holes and 
small cavities 
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Presentation Notes
This is one of the best repair materials for filling snap-tie holes and other small cavities.

Why is this type of repair material so good?

inexpensive
simple and easy
super low w/c to for excellent volume stability and limited shrinkage
super low w/c to make repair material strong and watertight
bonds very well because it is forced into bonding surface by compacting with a stick
compacted to force out entrapped air
doesn’t require forming
fast installation

It should be wet cured for at least three days; preferably seven days.
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Presentation Notes
This is actually an epoxy resin mortar, but dry-pack mortar will have similar consistency and look similar to this only lighter in color.



EPOXY RESIN
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• Two component mix
• Many mixes are sensitive to moisture
• Will bond to waterstops
• Has high thermal expansion
• Shrinks very little

Presenter
Presentation Notes
In addition to PMM and PMC, epoxy mortar or concrete is made by mixing sand or fine and coarse aggregates with epoxy resin.  Epoxy resin can be used for small patches or aggregate can be added to make epoxy concrete for filling larger repair cavities. Epoxy products are very durable and bond well to Portland cement concrete.  They set up and gain strength quickly.  

Epoxy resin that meets ASTM C881 requirements is designed specifically for Portland cement concrete repair and can cure under humid conditions and bond to damp surfaces.  Even though the resin meets C881, it is best to have a moisture free bonding surface.  

Unlike Portland cement concrete or grout, epoxy resin bonds well to waterstops.  

Epoxy has a higher range of thermal expansion than concrete.  The change in volume or shape of an epoxy due to changes in temperature, wetting and drying, freezing and thawing, or load is likely to be very different from that of the concrete to which it is attached.  Failure has occurred because of de-bonding. These failures have been observed more in high freeze/thaw cycle environments than in warmer climates with moderate annual temperature ranges.



EPOXY RESIN SAFETY

• Avoid contact with skin
• Gloves and glasses
• Adequate ventilation
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Presentation Notes
Epoxy resin is an irritant to skin and respiratory systems.



EPOXY RESIN MORTAR

• Epoxy mortar for 1.5 to 2 inch deep
• Use epoxy concrete for deeper repairs
• 3/8 inch maximum aggregate size
• Bonding surface should be dry
• Can be tamped or poured
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Presentation Notes
Epoxy mortar, like Portland cement mortar, contains particles up to 3/8 inch.  If the coarse aggregate is larger than 3/8 inch, it is called epoxy concrete.  Epoxy mortar is used to fill cavities no deeper than 2 inches.  For very thin repairs, the resin may be used without any aggregate or may be mixed with fine sand.  As with any proprietary product, pay close attention to the details in the manufacturer’s guidance for mixing, preparing (priming) the bonding surface, installing the repair material, finishing the repaired surface and curing if required.  

Epoxy can be troweled in and tamped or poured into the cavity depending on the consistency of the mix.



EPOXY CONCRETE
• Coarse aggregate and epoxy resin binder
• Placed in 2 inch lifts
• Hand tamp to compact into cavity
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Presentation Notes
Epoxy concrete is more economical than epoxy mortar for repairing larger repair cavities, because concrete, having larger graded aggregates than mortar, requires less binder.  The binder is the most expensive component of any mortar or concrete mixture.  Epoxy concrete contains aggregate larger than 3/8 inch.  After priming the bonding surface, place the epoxy concrete into the repair cavity in 2 inch lifts.  Hand tamp with a wooden stick to compact it into the cavity.  It can also be pour into the cavity if it is free flowing.



EPOXY MORTAR AND 
CONCRETE

• Don’t use a thinner to help finish. 
• Proper mix ratio
• Proper mixing methods
• Pay attention to working (pot) life
• Lightly sand or apply cement to the 

surface to help the color blend better.
• Cured for 3 days, but not wet cured.
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Presentation Notes
Thinners can be used to make epoxy mortar and concrete flow able.  These are called reactive diluents that are added to the epoxy resin to reduce the viscosity. These contain reactive materials that become an integral part of the cured resin.  You should never use other solvents such as paint thinner to make the resin more workable.   And never use solvents or diluents on the surface to help finish the repair material.

Like with Portland cement concrete, the proper proportioning of ingredients and mixing methods is important.  Mixing at high speed will entrain air in the mix which will weaken epoxy resin.

It is important to plan out the entire process of bonding surface preparation, proportioning the ingredients, mixing, placing, and finishing because epoxy resin has a short pot life.  And the pot life is shorter in hot weather.  You typically have 20 to 30 minutes when the temperature of the product is 70oF before the resin begins to set up.  Either mix up and install small batches or have a workforce that can quickly install larger batches.

Epoxy is not wet cured.  Curing epoxy simply requires maintaining its temperature above a minimum temperature.  This is critical when using epoxy in cold weather because epoxy will not set up below a minimum temperature. The minimum curing temperature is product specific.  Some epoxies will cure at temperature as low as 40oF; some require much higher curing temperatures.
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Epoxy products are very durable and bond well to Portland cement concrete.  They set up and gain strength quickly.  But they have been known to de-bond from concrete, especially in high freeze/thaw cycle environments.
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As with the epoxy bonding agents, epoxy repair materials require the bonding surface be dry.  And like all bonding surfaces, the bonding surface for epoxy repair materials must be clean.  The perimeter of the repair cavity needs to be square to the face of the concrete for a depth of ½ inch in order to eliminate a featheredge. Unlike for Portland cement repair materials, for epoxy materials steel reinforcement cannot have any rust on the surface.

Note the limits on temperature of the material (65 to 80oF) and the short working time of 25 minutes at 70oF.

These guidelines recommend coating (priming) the bonding surface with the epoxy (Components A & B) with a brush or roller.  A brush would be best so that it can be worked into the surface, but don’t overwork it as it may begin to set up before it is covered with the epoxy concrete.  The epoxy concrete should be placed as soon as practicable after the bonding surface is primed and before it begins to set.

Pay attention to the safety information under the “CAUTION” heading.



EPOXY RESIN
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Presentation Notes
The Five Star epoxy system comes in these containers.



EPOXY RESIN MORTAR
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Presentation Notes
It comes with its own aggregate for making epoxy mortar or concrete.



EPOXY RESIN MORTAR
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Presentation Notes
Mix up small batches at a time if you have a limited work space or work force.



In Summary !

• Determine cause of problem
• Recognize the goal of the repair
• Develop a repair plan
• Consider the environment to which the repair 

material is exposed
• Prepare bonding surface
• Use a bonding and repair material compatible 

with the parent material
• Don’t forget curing for PCM or PCC
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Presenter
Presentation Notes
When developing the repair plan, keep in mind that Portland cement is an excellent repair product for making a bonding agent and the repair material.  PCM or PCC has the advantage of having similar properties to the concrete that is being repaired.  And it is a low-tech solution requiring less skill than is required when using polymer-modified materials.  Any Portland cement based repair material such as PCM, PCC, PMM, or PMC must be cured by wet curing or with curing compound in order to gain strength and have the potential to be durable.   Thin layers or shallow cavity repairs are especially susceptible to drying and should be wet cured for at least three days and preferably seven days.



Texas Chain Wall Repair

June 2012

Curtesy of Shane Ice
Assistant SCE Bismarck, ND

Presenter
Presentation Notes
The remaining slides are of a case history on a concrete wall in Texas.



Presenter
Presentation Notes
The defective area was at the top 12” of an 8’ section of a 4’ high 8” thick chain wall.  The top 2’ of the wall is above floor grade.  The concrete was not well consolidated.  This caused the honeycombed concrete at the top of the wall.
 
  
 




Presenter
Presentation Notes
The original placement was during the first part of June.  The crew was having a hard time with their forms staying put.  After one section started to buckle they became extremely hesitant to vibrate; even to the point where they were only rodding and beating on the outside of the forms.  They were warned on numerous occasions about the lack of vibration and the risk they were taking by not doing so.  They sent a couple of guys out ahead to fortify the forms on the remainder of the wall, so the rest of the wall doesn’t look nearly as bad.




Presenter
Presentation Notes
Large void area and exposed reinforcing steel.  Also note the color of the concrete. The white or ashy color indicates the concrete may have spent too much time revolving in the drum mixer. 



Presenter
Presentation Notes
The reinforcing steel consisted of #5 rebar on 10” horizontal spacing and 12” vertical spacing.  Overlap was 19”.

The repair was extended to a 10’ length because the problem area was centered between trusses which were spaced 8’ center to center.  This gave a foot on either side of where the trusses attach to the chain wall.  This entire section was cut out with a concrete saw and removed.  Holes were drilled at the above mentioned spacing to a depth of 19” to satisfy the overlap requirement. 



Presenter
Presentation Notes
Cut away face of existing concrete and drilled holes for new reinforcing steel.  Note the squared edges to a minimum depth of 1”.  This is excellent cavity geometry.



Presenter
Presentation Notes
The holes were then epoxied and #5 rebar was driven in; the horizontal bars were then tied in.  Notice the good rough and clean surface.



Presenter
Presentation Notes
Ultrabond 1300 (an epoxy anchoring gel from Adhesives Technology Corp.) was used to set the reinforcing steel in the wall. 




Presenter
Presentation Notes
A bonding agent was not needed for this repair because the concrete being repaired was not very old and the wall was not part of a hydraulic structure, but the contractor chose to use a EUCO #452 Epoxy System from EUCLID Chemical. The bonding agent was spread on the clean rough surface of the existing concrete in the cut out section.  



Presenter
Presentation Notes
Finished pour of repair section.



Presenter
Presentation Notes
Finished repair section after forms were removed. 
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