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Fabric-Reinforced 
Cementitious Matrix 

(FRCM) System
= Carbon-Fiber 

Grid
Cementitious 

Matrix+

What is FRCM?



FRCM Grid types and properties 

Bidirectional
Carbon Grid 

(BCG)

Unidirectional
Carbon Grid 

(UCG)



Traditional Shotcrete vs. FRCM 

Traditional Shotcrete Repair FRCM Repair



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

Traditional Shotcrete vs. FRCM

Traditional Shotcrete Repair FRCM Repair
 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 negligible weight to structure



ACI 549.4R-20 & ACI 549.6R-20 is the current design guide

• Background
• Research
• Installation
• Evaluation
• Field Testing
• Applications
• Design examples

(From ACI 549.4R-13)



ICC-ES AC434 is used for evaluating FRCM products 

• Physical/mechanical properties
• Durability (water, SW, alkali)
• How to grip material?
• Component testing
• Full scale testing*

Basic Component

Full scale



Current FRCM Testing

ESR Report: ICC-ES ESR-3506

Abrasion
• ASTM C779, “Standard Test Method for Abrasion 

Resistance of Horizontal Concrete Surfaces”
Aging: Water Resistance ASTM D2247:
• “No specimens showed surface changes such as erosion, cracking, 

crazing and chalking after a visual inspection, meeting the conditions 
of acceptance of AC434, as well as a minimum average of 85 or 80 
percent retention for the 1000 & 3000 hrs. exposure, respectively for 
tensile strength, interlaminar shear strength, lap tensile strength and 
tensile bond strength”

Permeability: ASTM C1202:
• Mortar was tested per ASTM C1202 - Standard Test Method for 

Electrical Indication of Concrete’s Ability to Resist Chloride Ion 
Penetration



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



FRCM Structural Testing: Column Testing Results

Control
285,000 lb

1 Layer UCG
485,000 lb

2 Layer UCG
650,000 lb



Some benefits and limits of using FRCM

+
• Heat resistance
• Breathable
• Durable
• Repairs
• Strengthens
• Stiffens 
• Uneven surfaces
• Adds cover (rebar)

• Corrosion
• Fire From ACI 549.4R

–  
• Gravity check
• Size
• Limited 

strength



1.1D 0.75L

1.2D

1.6L

(φ𝑅𝑅𝑛𝑛)𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ≥ (1.1𝑆𝑆𝐷𝐷𝐷𝐷 + 0.75𝑆𝑆𝐿𝐿𝐿𝐿) 𝑛𝑛𝑛𝑛𝑛𝑛 (φ𝑅𝑅𝑛𝑛)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ≥ (1.2𝑆𝑆𝐷𝐷𝐷𝐷 + 1.6𝑆𝑆𝐿𝐿𝐿𝐿) 𝑛𝑛𝑛𝑛𝑛𝑛

Capacity of FRCM strengthening Existing reinforced 
concrete section

Added FRCM

Capacity of existing reinforced concrete section

Gravity strength increase requires a special check



And technically another check…fire

1.2D + 0.50L + 0.20S ≤ φexR 

1.0 Nominal strength 
considering temperature



Surface preparation helps ensure a good bond

• Grinding, hydro-jetting, etc.

• Remove paint

• SSD

• Wet burlap

• 200 psi min. bond desirable* 

Bond

Mesh
Micro-pore 
structure

Base material

1/2”

1/4”



FRCM can be used for different applications

• Flexural 
• Beams
• Walls (Out-of-plane)
• Slabs

• Shear
• Beams
• Walls (In-plane)

• Axial 
• Columns
• Piers

Wall

FRCM



FRCM can be used on different base materials 

• Concrete

• CMU

• Brick

• Stone 

© 2018 Simpson Strong-Tie Company Inc.



FRCM has 4 basic failure modes

• Mesh 

• Cohesive  

• Adhesive

• FRCM/base material interface

• Mesh/matrix interface



Gruening Middle School suffered damage during 
a 2018 Alaska Earthquake 

Photo: Ellen Hamel, S.E. with Reid Middleton, Inc. 



• Horizontal and vertical reinforcement

• Out-of-plane bending capacity

• Crack control 

The school has several deficiencies



How was FRCM Detailed by the SEOR?

22







Approximately 40,000 ft2 of masonry walls were strengthened using FRCM



The CM base coat is first applied



Spray-on CM made filling between CMU flutes easy



Then the FRCM carbon fiber mesh is troweled 
into CM



Press grid into CM and trowel over 



The final CM coat is about 1/4” thick 



Finished Surface



This recent article is available at Structuremag.org



Napa Valley Courthouse used FRCM for 
strengthening



Napa County Courthouse Case Study – Seismic Upgrade

• Building damaged in 2014 Napa earthquake 
(6.0 magnitude)

• Structural damage to unreinforced masonry and 
brick walls

• EOR – ZFA Structural Engineers

• Construction methods considered were 
shotcrete, FRP, FRCM, mortar repointing, grout 
injection and replacement with CMU walls

 



• FRCM provided in-plane and out-of-plane strengthening with minimum 
surface preparation beyond the removal of existing finishes

• The FRCM is also detailed to engage and tie the historic masonry to the 
new CMU walls

• Cement based FRCM did not seal the historic walls and allowed the walls 
to breathe as it has for 150 years and provided a favorable surface for 
installation of plaster finishes

Napa County Courthouse – What FRCM 
Provided?



Repair. Protect. Strengthen.

Structural FRCM Repairs – Structural Drawings





A mockup ensured proper FRCM installation



Before FRCM After FRCM



Additional articles available at Structuremag.org



California project used FRCM for repair 





Surface prep is the key..









FRCM QA and QC

Lab Test with Mortar Cubes: ASTM C109

• Pull-off tests shall be conducted on an 
area adjacent to strengthening 
locations

• Adhesion test should exceed 200 psi
• When failure is at grid-matrix 
interface, strength computed on net 
matrix area should be at least 400 psi

Field Test: ASTM C1583

Failure at substrate Failure at matrix

Lab Test with Witness Panels: AC 434 Annex A

Lab Test 



Bond Tests were performed
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Questions?

mailto:aborwankar@strongtie.com
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