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~ 200 lbs FRP / column

(Photo by C. Rojahn)
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• FRP Applications 

• Seismic FRP case studies

• Testing

• Shear walls with anchors

• Shear transfer joint

• 3-sided column wrap

• Shear transfer bracket (STB)

• FRCM with case study

• FRP Installation Videos

We design FRP to help structural engineers provide 
a viable solution to their client



Fiber reinforced polymers are a system for

reinforcing a concrete or masonry substrate

= FR

= P

FRP
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Some common applications

New Slab Openings Column 

Confinement

Wall Reinforcement 
(in/out-of-plane)

Slab/Wall Shear 

Transfer
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CS1: Repair and strengthening of 1950’s era construction
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FRP for Repair - OOP bracing

• Masonry partition wall heights 

vary up 12’

• Many of the masonry partitions 

have man doors in them

• Existing lead based paint
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Anchor options for bond strength
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How to anchor at concrete encased steel beams
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Detailing installed
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CS2: Owner would like to upgrade building’s lateral system
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Steel buttresses make up lateral system in 
the short-direction

Steel 

buttress



13

FRP epoxy-resin bonds to steel 

FRP

Collector

Bond to 

steel plate

Steel 

buttress
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New “shear walls” make up lateral system in long-direction

New Concrete 

“shear wall”

FRP collectors



About 5,000 rebar dowels, 16” deep

(to handle in-plane shear)
New “shear wall”
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Original design called for the development of #5 rebar
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Shear Transfer Bracket (STB) dev. to eliminate dowels
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STB transfers in-plane shear between existing slab 
and new wall

Still need 2,500 rebar dowels, 6” deep

5,000 rebar dowels @ 16” embed
Eliminated 85% of the drilling
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Apply thickened epoxy to STB and secure using Titen Turbo 
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STB transfers force from FRP collector to new wall
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Some slab to wall connections will require strengthening

Bi-directional FRP
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Expansion joints tied together 
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FRP applied in 3 unique directions 



Shear wall testing – Goals 
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• Study the effect of using FRP anchors for shear wall strengthening.

• Lack of design guidelines for one face FRP strengthened shear 
walls.

• Justify using higher strains for walls



Concrete shear wall strengthening – AC 125
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Specimen types
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One face FRP with end anchors 
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One face FRP with field anchors
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Concrete shear wall testing – one sided FRP
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Shear wall test conclusions
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• Field anchors help FRP stay bonded for longer 
duration.

• Shear wall with field anchors sustains more 
load cycles as compared to shear walls with 
end anchorage only, suggesting higher 
ductility. 

• Test shows strain of 0.004 can be used ONLY
with field anchors. 



Joint 
Strengthening 

Testing

Credits: Nabih Youssef Structural Engineers, ZFA 

Structural Engineers and DSA



Concrete wall/slab connection joint strengthening goals 

311 layer CSS-CBGF424

4 layers CSS-BCF418 w/ anchors



Joint strengthening test setup – CFRP specimens
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Joint strengthening test setup – GFRP specimens / masonry wall



Joint strengthening conclusions
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Ultimate Allowable Allowable 

Strength 

(klf)

Strength 

(klf) 

Strength 

(klf)

φ =0.6 φ =1.0

1 layer CSS-CBGF424 11.9 6.1 10.1

4 layers CSS-BCF418 with FRP Anchors 22.5 11.5 19.1

1 layer CSS-CBGF424 on Masonry Wall 5.7 3.42 5.04

Wall Slab Connection Testing Summary

 Product



Shear Transfer 
Bracket 
Testing
CSS-STB



CSS-STB testing goals
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• To test and develop an FRP 
element to effectively transfer 
shear between an existing 
concrete element and a new 
concrete element.

• Project required minimum 
drilling to avoid noise and 
vibrations.



STB testing
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STB test summary

• Mode of Failure: Shear failure of all 
4 diagonals.

• 32.5 klf ultimate load

• Test approved by SFDBI plan check 
and third party reviewer (SGH)



3-Sided Column Wrap 

Test

Credits: Tipping Structural Engineers



Project goal

The goal of the test is to increase shear strength of the 
columns by adding a U-wrap of FRP fabric with FRP 
anchors creating the fourth side wrap.  
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Control Specimen

Column failed in shear



3-sided GFRP – CA (carbon anchors)

Column failed in flexure



3-sided GFRP – CA (carbon anchors)

Column failed primarily due to flexural yielding. 



CA (carbon anchor) performance

Two End FRP Anchors, 

intact with no 

substantial damage 

observed.

End anchor seemed to 

have elongated by ¾”



3-sided column conclusions

• 3-sided wrapped columns with GFRP fabric and anchors 

shows higher ductility and should be preferred oved CFRP 

fabric.

• 3-sided columns wrapped with FRP increase ductility and 

load carrying capacity as compared to control specimen. 

• Could be used on projects with no access on the 4th face. 



We are currently testing diaphragms  

Collector Shear Collectors



Repair. Protect. Strengthen.

FRCM is in the same family as FRP, 
but it differs in how it’s installed and 
how it benefits certain applications.

Fabric-Reinforced Cementitious Matrix
(cement-like) (mortar)



Repair. Protect. Strengthen.

FRP Components

Fabric-Reinforced 

Cementitious Matrix 

(FRCM) Systems
= Carbon-Fiber Grid

Cementitious 

Matrix+



Repair. Protect. Strengthen.

Napa County Courthouse – Seismic Upgrade
(Napa, California)

• Building damaged in 2014 Napa 

Earthquake (6.0 magnitude)

• Unreinforced masonry & Brick 

building

• EOR – ZFA Structural Engineers

• WHY FRCM?

• Shear strengthening required on most walls

• Nominal strengthening on remaining walls

• Cracking on multiple interior and

exterior walls.



Repair. Protect. Strengthen.

• 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 – ZFA Structural Drawings



Repair. Protect. Strengthen.

Napa County Courthouse – Structural Plan



Repair. Protect. Strengthen.



Repair. Protect. Strengthen.



Repair. Protect. Strengthen.

FRCM APLICATION – NAPA 
COUNTY COURTHOUSE



Repair. Protect. Strengthen.

Before FRCM After FRCM



Repair. Protect. Strengthen.

Gruening Middle School Earthquake Repair, Eagle River, AK

• EOR: Reed Middleton, Anchorage

• GC: Cornerstone

• FRCM Installer: Generation 
Plaster

• FRCM scope: Strengthening of 
existing Masonry walls (36,000 sf)



Repair. Protect. Strengthen.

Surface preparation of Masonry Walls





Repair. Protect. Strengthen.



Repair. Protect. Strengthen.



Repair. Protect. Strengthen.



Repair. Protect. Strengthen.



Repair. Protect. Strengthen.

How Can Manufacturer’s Help?

Work with EOR to determine if 
FRP/FRCM strengthening is possible

Feasibility Studies

Engage local trained contractors to 
provide ROM pricing

Budget Estimates

Fine-tune to meet the project 
requirements

Specifications

Create for construction documentsDrawing Details

Provide for EOR’s reference during 
submittal review

Calculations

FREE SERVICES !!!!!!





• Feasibility studies & Budgeting 

• Stamped FRP design drawings and calculations 

• No cost
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We design FRP to help structural engineers provide 
a viable solution to their client

Division of the State Architect


