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Presenter
Presentation Notes
The new product we will be discussing today is called Fabric-Reinforced Cementitious Matrix. In the next slides, we’ll look at how it’s in the same family as FRP, but how it differs how it’s installed and how it benefits certain applications.



Outline of Topics

What is FRCM? 

FRCM Application Steps
Where can I use FRCM?

FRCM Design and Testing

How can manufacturer(s) help?
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Presenter
Presentation Notes
Do: Briefly review topics that we will be covering in today’s presentation.



What is FRCM?



A New Method of Composites

FRP Laminate FRCMFRP Fabric

Presenter
Presentation Notes
Say:So we’ve had fabric and laminate made from carbon fiber. Today we’re going to talk about our new offering: FRCM. Unlike FRP fabric and laminates, this system uses a concrete matrix (a cementitious mortar) to keep a carbon-fiber grid in place. The matrix encapsulates the grid and does not require any additional coating. It dries to a cement-like finish, matching the original concrete substrate. 



FRCM Components
Fabric-Reinforced 
Cementitious Matrix 
(FRCM) Systems

= Carbon-Fiber Grid Cementitious 
Matrix+

Presenter
Presentation Notes
FRCM also has two components: a carbon grid and a cementitious matrix.The reinforcing fibers of the carbon grid provide all of the tensile strength and stiffness of the cured composite. Instead of epoxy, the cementitious matrix is used to encapsulate the grid and to lock it in place. It also provides the system’s structural rigidity and compressive strength. 



FRCM Benefits Compared to FRP
• High tensile strength 
• Low impact
• Conforms to existing shapes
• Fast installation
• Cost-effective solution
• Matches substrate
• Applies on wet surfaces
• Heat resistance of matrix
• Provides protective barrier 
• Repairs as it adds strength 

(minimal surface prep needed)

}Note that these benefits are 
the same as FRP. 

}Note that these benefits are 
unique to FRCM.

Presenter
Presentation Notes
Say: So we just looked some of the benefits of FRP, now let’s look at some of the benefits of FRCM.Do: Go through the first five benefits and ask the audience if they notice a theme. Click to reveal first bracket that notes that these are the same benefits as FRP and reiterate that it is a very similar system. Say: Now let’s look at benefits that are unique to the FRCM system. The cementitious matrix (sprayable mortar) is cement-like in nature.While it may look and spray similarly to normal shotcrete, the additives in the cementitious matrix result in a stronger repair material—far superior to other generic sprayable repair mortars.The cover of the cementitious matrix is heat resistant. No additional coating or additional corrosion or fire protection is required after installation. Just trowel the final coat of the cementitious matrix, and you’re done. Note that sometimes extra coating can still be specified by an engineer.The shotcrete can repair deformations in the existing concrete and fill voids up to 2” deep. This system can be applied to concrete surfaces nearly “as is” and require much less surface prep work than FRP. 



FRCM Application Steps

Presenter
Presentation Notes
Say: So we just said that FRCM is similar to FRP in benefits, but installs differently. Let’s clarify what we mean by this and go through the application steps necessary to install FRCM.Note to presenter: This next section you can go through rather quickly—it’s just to give the participants an idea of the steps necessary in installing the system before we discuss possible uses.Review objective: By the end of this lesson you should be able to explain the steps in an FRCM application.



Single-Layer Grid Installation
Prior to application:

Concrete surface profile should be between CSP 6-9 (ICRI)
This means you can repair surface inconsistencies as you add 
strength.

Presenter
Presentation Notes
Say: Note that the concrete surface profile should be roughened to an ICRI Concrete Surface Profile (CSP) of between 6 and 9 to achieve an open pore structure that more readily accepts the sprayable mortar. This is can be achieved by using methods such as shot blasting, water blasting or sand blasting. ICRI has created concrete surface profile molds to help the installer evaluate the CSP of the concrete and ensure that it is to the correct roughness. It also protects us from being liable saying, “does it look like this?” Instead of saying, “yes that looks right.”Note that this is a great benefit to the FRCM system. For the FRP system, the concrete had to be at a CSP of 3. This meant that voids and bug holes had to be leveled and filled prior to the application of FRP. Using FRCM we can repair surface deformations and add strength in one step.



Single-Layer Grid Installation

Prior to application:

Be sure the surface has been wet 
to ensure a saturated surface-dry 
(SSD) condition per ICRI 
guidelines. 

Presenter
Presentation Notes
Say: It’s important to wet the substrate prior to applying the FRCM. Saturated surface-dry (SSD) condition is the target. It can be particularly tricky to make sure that overhead or vertical surfaces are SSD. Some methods to achieve this can include covering in burlap or spraying the concrete surface every few hours. If the surface is not properly wetted prior to application, this can affect the bond of the cementitious matrix to the existing substrate.Note that in this picture the rebar has not yet been undercut. This will need to be done prior to application of FRCM.



Single-Layer Grid Installation

1. Apply first layer of cementitious 
matrix (CSS-CM), being sure to 
completely coat area ½″ thick 

2. Embed grid into wet matrix using a 
trowel or wood float

3. Apply second layer of cementitious 
matrix at ¼″ to ½″ thick 

4. Screed and trowel to desired finish

5. Allow for full cure by keeping wet for 
3-5 days after installation

Presenter
Presentation Notes
Do: Review the slide.Say: Although we specify ¼” to ½”, we want to encourage you to go more towards ½” in the first level. After you press the grid into the first layer to embed, we want the grid to be about ¼” away from the original concrete substrate, which can’t happen if you only start with ¼”. 



Where can we use FRCM?



Traditional Shotcrete Repair FRCM Repair

Presenter
Presentation Notes
Say: Many of you have probably noticed that the cementitious matrix installs very similarly to shotcrete. It even uses a shotcrete or spray pump to deliver the CM to the substrate. But there are some significant differences between the two systems. Let’s compare the two.



 Rebar installation time-intensive  Carbon-fiber grid installs in minutes, 
saving time and money

 Specialty contractor to tie rebar cage
 Specialty contractor to spray shotcrete

 Same contractor installs FRCM system

 Additional 1.5″–3″ shotcrete cover over 
rebar

 No steel = no cover requirements. Only 
≈1″ volume change in total repair 

 Shotcrete typical psi at 4,000 psi  Cementitious matrix is a high-performance 
mortar with psi at 7,500 psi

 Additional weight needs to be calculated 
into total building loads  Adds significantly less weight to structure

Traditional Shotcrete Repair FRCM Repair

Presenter
Presentation Notes
Say: A very common way to add strength to a concrete element is by simply adding more concrete and rebar. If you’re doing this using the shotcrete repair method, you add more rebar and cover the rebar with shotcrete.  Enlargement repairs with shotcrete will require two separate contractors: one that’s trained in tying and installing rebar, and one that’s trained to apply shotcrete. FRCM applicators are trained to install the entire system in one go. Rebar also takes a long time to install (several hours, if not days), which costs more in labor. The carbon-fiber grid in the FRCM installs in minutes. Because you are adding steel in an enlargement method, you’re required to cover the steel with 1.5 to 3 inches of concrete in order to protect the steel from corrosion. The FRCM system does not use steel, and carbon-fiber is naturally corrosion resistant. You only need a ½ to ¾ of an inch cover on the grid. This alone is a huge benefit to FRCM.When using an enlargement technique to increase strength in a concrete element, the engineer needs to factor in the additional weight of the extra steel and rebar into the building’s total dead load. The FRCM system adds negligible weight in comparison.Our cementitious matrix is a high-performance mortar that is shrinkage compensated and stronger than typical shotcrete. It bonds better, has better grip and achieves strengthen quicker than typical shotcrete. 



For projects with large, overhead and vertical surface areas

Presenter
Presentation Notes
Say: FRCM is ideal for large overhead and vertical surface areas where you can get higher production rates out of a shotcrete-type material than you can with forming and pouring or hand-applying mortar.



For projects that require a surface repair

Presenter
Presentation Notes
Say: FRCM is ideal for applications that require surface repair in addition to strengthening. If we were using FRP for this ceiling, we would have to completely level the ceiling before we could begin applying FRP. With FRCM you can repair and add strength at the same time.This is a significant difference between FRP and FRCM. FRP needs a flat surface with CSP of around 3 with less than 4% moisture in the substrate. FRCM can be applied on roughened surface that has been cleaned and is applied when the surface is wet to SSD.



For projects that require a higher level of heat resistance

Presenter
Presentation Notes
Say: FRCM is more fire resistant than FRP and is more corrosion resistant than shotcrete. If either of these are a concern on a project, FRCM should be considered.



For projects that can’t afford a significant volume change

Presenter
Presentation Notes
Say: This system is extremely beneficial for repair applications that cannot afford a significant volume change. This applies to silos, bridges, tunnels, mines, etc.



For projects that require the ability to transmit water

Update per Brad’s comments here.

More information about what this means. Potential 
picture?

Also consider upgrading the arrows… don’t know if I 
like this.

Target Application

Presenter
Presentation Notes
Say: In comparison to FRP, that needs to have less than 4% moisture in the base material in order to apply, FRCM is installed on an SSD surface. The matrix matches the concrete substrate and the grid is breathable, and won’t trap moisture beneath the surface. 



Ideal Application: Tunnels and Mines

Substrate damage needs 
repair

No room for significant 
enlargement

With FRCM, we repair and 
add strength in one step

Presenter
Presentation Notes
Say: In addition to silos, tunnels and mines could also benefit from the unique features of FRCM. This tunnel’s significant substrate damage will need to be addressed. If we used FRP, we’d have to fill in the surface irregularities first.If we used a shotcrete enlargement method, there would be a significant volume increase, and maybe the train could no longer get through!With FRCM, we repair and add strength in one step while decreasing the service downtime so that trains can safely return to service sooner.



FRCM Design



Design Standards

Code Requirements for 
Evaluation, Repair, and 
Rehabilitation of Concrete 
Buildings

ACI 562

• Mentions strengthening with externally 
bonding composites (FRP & FRCM) but 
also covers general retrofit requirements

Guide for the Design and 
Construction of Externally 
Bonded  FRCM Systems for 
Strengthening Concrete an 
Masonry Structures

• Covers both concrete and masonry

• Contains design equations, examples, 
limitations, QC/QA recommendations, etc.

ACI

549.4R-13

Presenter
Presentation Notes
Say: American Concrete Institute has two documents that help in designing with FRCM. ACI 549.4R is a guide, while ACI 562 is the actual concrete repair code. ACI 562 also includes how to design FRP and other traditional strengthening methods. Simpson Strong-Tie employees are member of ACI 549 and involved in committee work



Design Considerations

Presenter
Presentation Notes
Say: FRCM is designed using the ACI 549 guide and the ACI 562 code. Per ACI 549.4R, this table provides a summary of the different design limitations for each type of FRCM strengthening on concrete and masonry.



Design Considerations
Existing Capacity 

Demands
Exposure 

Coefficients Serviceability

ACI 562-16 Equations 5.52a&b:

(φRn)existing ≥ (1.1D + 0.5L + 0.2S)

(φRn)existing ≥ (1.1D + 0.75L)
or

whichever is greater

This is so a building will still 
be able to support itself in 

case the FRP / FRCM system 
is compromised.

Presenter
Presentation Notes
Say: Designing with FRCM can be a complex process, with lots of design considerations. We want to quickly touch on these three.This equation recommends that an unstrengthened member should be able to support 120% of the service dead load and 50% of the service live load. This ensures that in the event the FRCM is damaged, the member will still be able to support a reasonable amount of load without collapse. This same load combination is checked for FRP.



Design Considerations
Existing Capacity 

Demands
Exposure 

Coefficients Serviceability

Ambient and surface 
temperatures between 
41°F and 86°F

Wet-cure completed 
FRCM application

Presenter
Presentation Notes
Say: The ambient and surface temperatures must stay between 41 and 86 degrees Fahrenheit so that the matrix can cure properly.The FRCM installation must wet cure in order for it to achieve proper performance.



Design Considerations
Existing Capacity 

Demands
Exposure 

Coefficients Serviceability

The service stresses in the steel must be 
checked for the desired performance.

Presenter
Presentation Notes
Say: While composite strengthening systems are primarily used to support ultimate loads, the service stresses in the steel must be checked for the desired performance.



Structural Testing: Column Testing Results

Control
285,000 lb

1 Layer UCG
485,000 lb

2 Layer UCG
650,000 lb

Presenter
Presentation Notes
Say: We can see here that using two layers of unidirectional carbon grid more than doubles the ultimate capacity of the column.



Napa County Courthouse – Seismic Upgrade
(Napa, California)
• Building damaged in 2014 Napa earthquake 

(6.0 magnitude)

• Unreinforced masonry & brick building

• EOR – ZFA Structural Engineers

• General Contractor – Alten Construction, Inc.

• FRCM Subcontractor – Pullman SST.

• WHY FRCM?

• Shear strengthening required on most walls

• Nominal strengthening on remaining walls

• Cracking on multiple interior and exterior walls

• Mock-up required with actual building materials

Presenter
Presentation Notes
FRP Composite strengthening systems consist of reinforcing fibers and a polymer matrix.The reinforcing fibers are responsible for all the strength and stiffness of the cured composite.The main types of fibers currently used in the structural strengthening industry are E-glass and carbon.  Aramid (Kevlar) fibers were used early on but are rarely specified today due to glass fibers being cheaper and carbon fibers being stiffer/stronger.The polymer resin is used to transfer load between fibers and into the substrate while also providing environmental protection of the reinforcing fibers.Epoxy is the most common polymer for structural strengthening applications.  Vinyl ester and polyester resin may also be used, but usually aren’t able to also adhere to the concrete.







Before FRCM After FRCM





Structural FRCM Repairs 
(ZFA Structural Drawings)

Presenter
Presentation Notes
FRP Composite strengthening systems consist of reinforcing fibers and a polymer matrix.The reinforcing fibers are responsible for all the strength and stiffness of the cured composite.The main types of fibers currently used in the structural strengthening industry are E-glass and carbon.  Aramid (Kevlar) fibers were used early on but are rarely specified today due to glass fibers being cheaper and carbon fibers being stiffer/stronger.The polymer resin is used to transfer load between fibers and into the substrate while also providing environmental protection of the reinforcing fibers.Epoxy is the most common polymer for structural strengthening applications.  Vinyl ester and polyester resin may also be used, but usually aren’t able to also adhere to the concrete.



FRCM Testing
• Axial Column 
• Beam Flexure
• Beam Shear
• Out-of-plane Wall
• In-plane Wall
• Slab
• Tensile Testing for Composite Design 

Values
• Exterior Exposure
• Durability

• Interlaminar Shear
• Drying Shrinkage
• Void Content
• Freeze/Thaw
• Lap Tensile Strength
• Full Scale Fire
• Bond Strength
• Abrasion Resistance
• Permeability



Abrasion Resistance Test

The proprietary cementitious matrix improved the abrasion 
loss over a commercial, prepackaged repair material by 
the following:

• 15 minutes – 66.7% improvement
• 30 minutes – 55.6% improvement
• 45 minutes – 46.2% improvement
• 60 minutes – 38.2% improvement

Proprietary Cementitious Matrix

Control



How Can Manufacturers Help?
Work with EOR to determine if 
FRP/FRCM strengthening is possibleFeasibility Studies

Engage local trained contractors to 
provide ROM pricingBudget Estimates

Fine-tune to meet the project 
requirementsSpecifications

Create construction documentsDrawing Details

Provide for EOR’s reference during 
submittal reviewCalculations

FREE SERVICES!

Presenter
Presentation Notes
If you’re ever working on a project and think that FRCM could be a possible solution to meet the project requirements, some manufacturers would be glad to provide free feasibility design to see if a composite strengthening system can work.If FRCM is a feasible retrofit option, manufacturers will engage a local trained contractor to put together a rough order of magnitude (ROM) budget estimate to make sure that FRCM is a cost effective solution when compared against the other options.They can put together project specifications and drawing details that are fine tuned for your exact application.They can also send over preliminary FRCM design calculations for reference during submittal review to ensure you receive the exact performance you’re looking for.



Thank You

Aniket Borwankar
FRP / FRCM Field Engineer
Phone: 415-310-5374 
Email: aborwankar@strongtie.com

Presenter
Presentation Notes
If there are any questions or specific projects you’d like to discuss, I’d be happy to look into them before I leave.
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