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Background

 Continuation of earlier EPSCoR research 

performed by D. J. Stonebraker, D. L. 

Brown, C. W. Dolan titled “Effect of web 

bonded CFRP shear reinforcement on 

internal steel stress”

 Found that none of the steel yielded in on 

FRP specimens

Stonbraker, D.J.. "Effect of web bonded CFRP shear reinforcement on internal steel stress." Fourth International 
Conference on FRP Composites in Civil Engineering CICE2008(2008): 6. Print.



Beam Repair Using FRP

http://www.structuremag.org/images/0108-bb-1.jpg



Slab Repair Using FRP

http://www.spsrepair.com/Article_Images/Figure%206.JPG



Double T- Beam Repair Using FRP

http://www.clas.ufl.edu/jur/200307/images/watson_221.jpg



Beam Repair Using FRP

http://www-civ.eng.cam.ac.uk/cjb/frpdebond/kidlington6.jpg



Complete Beam Repair Using FRP

http://www.mdacomposites.org/mda/images/psgbri4.jpg



Column Repair Using FRP

http://www.spsrepair.com/Article_Images/Figure%204.JPG



Properties of Materials Used

fru = 400,000 psi

EFRP = 18,000,000 psi

fyu = 60,000 psi

Esteel = 29,000,000 psi

Steel



Selecting Rebar Size

Smax =   …….   = 17.4 in. …….≤  =  = 16.5 in. 

Maximum spacing can’t exceed  =  = 11 in.  

With 11 in. , Required spacing   S =  =  = 5 in. 

No. 3 rebar fits easily within a 5 in. spacing ,  = 0.001 ,  = 0.003 

For 6” x 6” x 21” Specimen …….  = 0.003 ……. Okay 

Nilson, Arthur. Design of Concrete Structures. Thirteenth. New York: McGraw-Hill, 2004. Print.



Initial Preparation
 Cut Rebar

 Grind smooth surface for strain gauge

 Apply strain gauges

 Connect strain gauge to lead wires



Casting Specimens

 Mix proper concrete proportion to achieve 

5000 psi concrete

 Place rebar in proper position with temporary 

holder

 Cast specimens



Carbon Placement

 Laminate FRP

 Fabric CFRP

 NSM Carbon Rods
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Preparing Carbon Fiber 

Reinforcement Polymer
 Applying epoxy to pre-cut CFRP



Testing Set Up

 Tinius Olsen Universal Testing Machine

 LabView for collecting data (linear 

potentiometer, strain gauges)
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Testing Set Up

•Data Acquisition 



Testing 1 inch specimen

 Maximum shear force at failure is 30 kips
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Testing 2 inch specimen

 Maximum shear force at failure of 30 kips
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Testing 3 inch specimen

 Maximum shear force at failure is 32 kips
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Testing four 3/8” diameter rods

 Maximum shear force at failure is 56 kips
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Reinforcement Ratios

Specimen Strain
Reinforcement

Ratio

Plain 0.00872 0

1 inch CFRP 0.00691 0.0006

2 inch CFRP 0.00514 0.0011

3 inch CFRP 0.005 0.0017

2in. X 0.04 in  Carbon    

laminate
0.0018 0.0025

4 Carbon Rods (8mm 

Diameter)
0.00134 0.0208

Stonbraker, D.J.. "Effect of web bonded CFRP shear reinforcement on internal steel stress." Fourth International Conference on FRP Composites in Civil Engineering
CICE2008(2008): 6. Print.



Conclusion

Transition

Reinforcement Ratio is 

approximately 0.0025
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Future Approach

 Longer specimens to avoid bond failure 

between the concrete and steel 

reinforcement.

 Attach potentiometer brackets far from 

projected crack area.

 Use steel plates underneath the load 

points to prevent bearing failures.
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