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Introduction 

Externally bonded fiber-

reinforced polymer (FRP) is 

commonly used to strengthen 

concrete structures, but 

research is needed to ensure that optimal design practices are implemented. This 

study utilized externally bonded carbon FRP (CFRP) to strengthen bridge-scale 

reinforced concrete T-beams. In addition to flexural CFRP, new CFRP splay 

anchors were used as an anchorage system on four beams to qualify anchor 

performance. The anchorage system was added to prevent premature failure due 

to debonding and allow the CFRP to reach its full capacity with a rupture 

failure. 

 

 

Project Description 

This experimental program designed, built, and tested six T-beams in four-point 

bending. The first beam was tested as a control specimen, while the second 

beam was strengthened with one sheet of CFRP V-Wrap C200HM with no 

anchors. The third beam was strengthened similarly to the second beam with 

CFRP splay anchors added to each shear span. The fourth beam was 

strengthened with a CFRP sheet and four splay anchors per shear span, while 

the fifth beam contained five splay anchors per shear span. The sixth beam was 

strengthened with five anchors per shear span with smaller splay areas for each 

anchor.  

Beam 1 Setup before Testing 



Project Results 

Test results showed that the use of six anchors 

per shear span led to full flexural capacity by 

attaining CFRP rupture. However, although the 

use of four and five anchors per shear span 

significantly delayed the debonding, the CFRP 

sheets debonded at loads close to the load needed 

to rupture the CFRP sheet when six anchors were 

used. 

 

 

Project Information 

For information on this report, please contact Hayder A. Rasheed, Ph.D., P.E., F.ASCE; Kansas State 

University, 2126 Fiedler Hall, Manhattan, KS 66506; (785) 532-5862; hayder@k-state.edu. 
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Directions for Downloading the Full Report 

To download the full report, visit https://kdotapp.ksdot.org/kdotlib/kdotlib2.aspx and do the following: 

1. Enter K-TRAN: KSU-19-3 in the search box. 

2. Click the Search button to the right of the search box. 

3. You may have to scroll to find the specific report. 

4. To download the report, click on the title of the report to open the PDF file and save it to  

your hard drive. 

 

 

 

 

 

 

 

 

 

 

 

If you have any questions, please email us at KDOT#Research.Library@ks.gov. 
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