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ABSTRACT: Carbon fiber reinforced polymer (CFRP) pultruded components, laminates, and 
fabrics have been deployed in the field in Kentucky on more than thirty bridges since 1996.  The 
first application was on a pedestrian bridge where the superstructure consisted of two pultruded 
hybrid carbon-glass I-girders.  On the opening day, on November 16, 1996, it was the longest 
FRP beam bridge in the world.  A series of bridge retrofit/strengthening were carried until 2010 
using CFRP fabrics and laminates. The experience gained from these projects led to 
development, testing, and deployment of spliced CFRP rod panels on 10 bridges.  Triaxial 
CFRP fabrics and heavy weight uniaxial CFRP fabrics were deployed in seven bridges to 
address specific deficiencies efficiently and economically. In addition, deficient wooden bridge 
pier-piles have been retrofitted using pre-cured CFRP pile wraps along with wet layup. Each 
deployment had its challenges and lessons learned that will be highlighted. 

 
 

1 INTRODUCTION 

Carbon fiber reinforced polymer (CFRP), in the form of pultruded laminates and fabric, has 
become one of the most popular methods of repairing and/or strengthening bridges in the past 
couple of decades. In the form of pultruded sections and reinforcing bars for concrete, they are 
being used for new construction as well. CFRP materials have high strength to weight ratio, 
corrosion resistance, and have a stiffness comparable to that of steel. Because of these 
advantages, project costs are reduced due to low transportation and handling costs as well as 
low application, and labor costs. When used for retrofit, compared to traditional repair methods, 
CFRP is less disruptive to regular service during the repair process. Furthermore, repairs that 
employ CFRP contribute minimal additional dead load to the structure.  

CFRP material, for new construction as well as retrofit, has been deployed in the field in 
Kentucky on more than thirty bridges since 1996. The use of CFRP for new construction, 
including the first application on a pedestrian bridge, and the use of CFRP rebar will be 
highlighted. Several application of CFRP, in the form of pultruded laminates and fabric, for 
bridge repairs and retrofits prior to 2010 will also be presented. The development of CFRP Rod 
Panels (CRPs), based on previous retrofit experience, and there deployment on Kentucky 
bridges is discussed. Field applications of three directional quasi-isotropic CFRP fabric and 
heavy weight unidirectional fabric for strengthening and retrofit of bridges in Kentucky are also 
introduced. The deployment of pre-cured triaxial CFRP fabric as pile wraps for the retrofit of 
wooden timber piles is also presented. 



  

 

  

2 CFRP FOR NEW CONSTRUCTION 

2.1 Pultruded Sections 

A pultruded FRP composite I-girder pedestrian bridge (Figure 1) was constructed in 1996 over 
the Clear Creek in the Daniel Boone National Forest near Cave Run Lake in Bath County, 
Kentucky, USA (Szak et al., 1999). The main load carrying members for the bridge are two 61 
cm deep hybrid composite I – girders. These girders were made of glass fibers in the web and 
flanges and with embedded carbon fibers in flanges.  The addition of the carbon fibers in the 
flanges produced a 128 % increase in the rigidity of the beam, and since the design was 
controlled by deflection limitations, the number of girders was reduced from four to two.  Many 
new features were incorporated in this bridge. These features include:  (i) the use of a hybrid 
carbon/glass fiber reinforced polymer (FRP) I-beam section; (ii) the use of fiberglass sucker 
rods as supports for a bridge; and (iii) the use of spliced composite I-girders in a bridge. 

 

 

 

 

 

 

 

Figure 1. Clear Creek Bridge Figure 2. Two Mile Creek bridge deck  

2.2 CFRP Rebar  

The Two Mile Creek Bridge is located on Elkin Station Road in Clark County, KY.  The 9.45 m 
wide and 18.6 m long bridge deck shown in Figure 2 is reinforced with Carbon Fiber 
Reinforced Polymer (CFRP) reinforcement (Hill et al., 2003).  Constructed in 2001, all 
longitudinal and transverse reinforcements in both the top and bottom mats are CFRP bars.  The 
bridge is being monitored on a regular basis (i.e. evaluate crack formation, crack width, crack 
propagation, etc.).  To date, no sign of distress has been reported and the bridge is reportedly in 
excellent condition. 

3 CFRP FOR BRIDGE RETROFIT (1996 – 2010) 

3.1 CFRP fabric for shear strengthening PC beams 

A routine inspection on the 3-span bridge on route KY 3297 over Little Sandy River in Carter 
County, Kentucky conducted in April 1996 found significant diagonal shear cracks that were as 
wide as 3.2 mm, and 1.8 m to 2.4 m long had formed in all precast prestressed box beams at 
both ends of the center span (span 2).  Subsequent inspections revealed that the shear cracks in 
span 2 were propagating at an alarming rate, and new shear cracks were also beginning to 
develop in spans 1 and 3. In addition, the re-evaluation confirmed that the box beams were 
indeed under-reinforced in shear. The retrofitting process for the Bridge using CFRP fabric 
(Simpson et al., 2006) began in September 2001 and was completed in October of 2001. The 



  

 

  

process was performed in two phases: (1) crack repairs; and (2) application of CFRP fabric. The 
goal of crack repairs was to partially restore the capacity of the beams, and the application of 
CFRP fabric was to strengthen and compensate for shear deficiency.  

 

 

 

 

 

 

Figure 3. Attaching CFRP fabric to concrete  Figure 4. Beams retrofitted with CFRP laminates 

3.2 CFRP laminates for flexural strengthening RC beams 

CFRP laminates are factory pultruded plates consisting of unidirectional carbon fibers in an 
epoxy resin matrix. The use of CFRP laminates provides a greater fiber volume ratio when 
compared with multiple layers of CFRP fabric. The Louisa-Fort Gay Bridge is located in a small 
mining community of Lawrence County in Eastern Kentucky.  The 12-span continuous bridge 
structure consists of composite concrete deck-steel girder spans and reinforced concrete middle 
spans that comprise an intersection for traffic coming from three different directions. Bridge 
inspection indicated that flexural cracks developed in the RC girders of three (spans 4, 6 and 7) 
of the twelve spans due to heavy coal truck loads.  Weigh in motion scales measured trucks 
weighing in excess to 1000 kN.  The amount of CFRP laminates needed to strengthen the beams 
was determined via moment-curvature analyses (Choo and Harik, 2007). The RC beams, 
strengthened with CFRP laminates in October 2003, are shown in Fig. 4. 

3.3 UHM CFRP laminates for flexural strengthening steel beams 

The emergence of ultra-high modulus (UHM) CFRP plates, with an elastic modulus higher than 
that of steel, enables researchers to achieve substantial load transfer in steel beams before the 
steel yields. The KY 32 Bridge over Lytles Creek, located in Scott County Kentucky, is a single 
span steel girder bridge with a non-composite reinforced concrete bridge deck. The 20 cm 
reinforced concrete deck is supported on five steel girders. The bridge is 6.96 m wide, and has a 
deck length of 6.71 m. A load posting of 12.7 t (12,700 kg) was on the bridge before 
strengthening was carried out in 2010. Shear studs were post installed between the steel girders 
and the concrete deck to make the bridge deck composite with the girders. Following the 
placement of the shear studs, high modulus CFRP laminates were applied, to the top and 
bottom, of the bottom flange of the steel girders (Figure 5). Field tests were conducted before 
and after the installation of the shear studs, and following the application of UHM CFRP 
laminates to verify the effectiveness of the retrofit (Peiris and Harik, 2013).  



  

 

  

 

Figure 5. Steel girder with UHM CFRP   Figure 6. CFRP Rod Panels 

4 CFRP FOR BRIDGE RETROFIT (2010 – PRESENT) 

4.1 CFRP Rod Panels (CRPs) 

The application of CFRP laminates to structural members has been a successful method of 
retrofit, for strengthening and arresting structural defects such as cracking. While being cost 
effective compared to traditional repair methods, the splicing of CFRP plates can provide an 
even more economical alternative where individual workers can carry out the strengthening 
process on a single man lift or scaffolding, significantly reducing labor and equipment costs. 
Based on previous experience with CFRP laminates and fabric, CFRP Rod Panels (CRPs), 
fabricated from high strength CFRP strips or rods were developed by the authors to be utilized 
to strengthen and upgrade existing reinforced concrete and steel structures (Peiris and Harik, 
2015). The primary advantage of this new technology lies in its ease and speed of application by 
a single worker, and its minimal requirement for construction equipment. Consequently, this 
product will lead to a reduction in the repair and upgrade costs of buildings and bridges. The 
CRPs are produced using CFRP rods mounted on a fiberglass backing with spacing greater than 
the rod diameter between individual rods. The rods have a manufacturer specified tensile 
modulus of 134 GPa and a tensile strength of 2,340 MPa. The developed CRPs are 1220 mm in 
length and has a 915 mm fiberglass backing providing 150 mm overlap on either side of the 
panel for the ‘finger joint’ between adjacent panels (Fig. 6). Each alternate panel is produced 
with an extra rod to provide symmetry at the finger joint. The 150 mm overlap for the finger 
joint was conservatively selected observing the results of double strap joint tests. CRPs have 
been deployed in 10 bridges in Kentucky, two of which are highlighted next based on the CRP 
usage. 

4.1.1 CRP for impact damage retrofit  

An AASHTO Type III precast girder of the 4-span bridge on Sunnyside-Gotts road over 
Interstate 65 was damaged due to an over-height truck impact. The damaged section spanned 
the two left most lanes of the three lane interstate highway. The over-height truck impact had 
caused considerable spalling of concrete along with two severed prestressing strands and further 
damage to several wires in two more strands (Fig. 7(a)). The retrofit included replacing the lost 
concrete and providing CRPs to replace the strength lost due to the damaged prestressing 
strands. CRP-195 panels, with CFRP rods of 4 mm diameter able to carry 867 kN (195,000 lbs.) 
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per 300 mm width of panel, were selected for the strengthening. The retrofit carried out in 2012 
was completed in six workdays, with the CFRP material applied in one day. 

 

 

 

 

 

 

 

 

Figure 7. (a) Impact damage on PC girder, (b) CRP-195 application 

4.1.2 CRP for deterioration damage retrofit  

A reinforced concrete bridge on KY 81 in McLean County KY had extensive spalling of 
concrete and corrosion of the steel reinforcing bars in one of the edge girders. In one rebar, 
corrosion was seen to have removed over 70% of the steel area at some locations. The beam 
retrofit was completed in September 2012. The deteriorated RC girder prior to the retrofit and 
the application of CRP-070 panels is shown in Fig. 8. 

 

 

 

 

 

 

 

Figure 8.  (a) Deteriorated RC girder, (b) CRP-070 application  

 

4.2 Triaxial Quasi-isotropic CFRP Fabric 

Tri-axial braided quasi-isotropic (0°, +/- 60°) CFRP fabric has a unique fiber orientation, 
providing a balanced load carrying capability within a single layer of fabric. In addition to being 
used as the primary reinforcing material in the following projects, the fabric is regularly used to 
provide confinement when strengthening concrete beams using CFRP laminates or CRPs. 

4.2.1 Triaxial CFRP fabric for concrete confinement  

The edge pier supporting the southbound I-65 over E. Muhammad Ali Blvd. in Louisville, 
Kentucky had concrete spalling due to corroded rebars.  The spalling extended from 



  

 

  

approximately 0.6 m from ground elevation all the way up to the top of the pier cap at 4.9 m. 
Initially the pier was cleaned and all cracks and voids were filled. Triaxial CFRP fabric was 
used to strengthen the pier to account for the loss of strength due to corrosion of rebars.  Two 
layers of wrapping were applied to the column, with the second layer shifted to cover the joints 
of the first layer. The fabric is expected to provide confinement as well as increased ductility to 
the pier due to its unique fiber orientation. The CFRP fabric being applied to the pier is shown 
in figure 9. The pier column retrofit was completed in May 2010. 

4.2.2 Triaxial CFRP fabric for beam strengthening  

A number of Prestressed Concrete (PC) box beams on the two-span KY 100 Bridge had severe 
cracking at the ends due to excessive shear, and/or torsion, and/or other causes. The cracks were 
oriented in multiple directions; with diagonal, most cracks observed were diagonal, but some 
vertical and horizontal cracks were also present. The triaxial quasi-isotropic nature of the CFRP 
fabric allowed the primary retrofit to be carried out with just a single layer of fabric. The cracks 
were initially injected with epoxy and the CFRP fabric applied in a dry layup process. The 
application of the triaxial CFRP fabric U-wraps next to the center pier of one of the outside box 
beams is shown in Figure 10. The beam strengthening was carried out in October 2012. 

 

 

 

 

 

 

 

Figure 9. Pier column strengthening Figure 10. PC box beam strengthening  

4.3 Heavy Weight Unidirectional CFRP Fabric 

Heavy weight unidirectional CFRP fabric allows the strengthening of bridge components where 
a large amount of strengthening is required, but the application of traditional CFRP laminates or 
CRPs may not be feasible. The fabric detailed here weighs 757 g/m2, is only 0.76 mm thick (at 
55% fiber volume), and has a tensile capacity over 534 kN per 300 mm wide fabric.  

4.3.1 Heavy Weight Uniaxial CFRP fabric for concrete confinement  

A semi-tractor-trailer truck traveling south on William H. Natcher Parkway, veered off the road 
and impacted a Pier-Column of the overpass bridge on Elrod road in Warren County, KY. The 
impact caused cracking and spalling of concrete in the column as well as cracking on the pier 
cap. Due to the degree of cracking, heavy weight uniaxial CFRP fabric was selected as the 
primary material to wrap and confine the impacted bridge pier-column and pier cap. The fabric 
provided the flexibility to be wrapped around the column, while providing the required 
strengthening in one layer of fabric. The application of the fabric around the pier column is 
shown in Figure 11. The project was completed in November 2015. 

 



  

 

  

 

 

 

 

 

 

Figure 11. Column strengthening Figure 12. RC  beam strengthening  

4.3.2 Heavy Weight Uniaxial CFRP fabric for beam strengthening  

The bridge on Centerfield drive over South Fork Currys Creek in Oldham County, KY built in 
1951 is a two-span bridge with four reinforced concrete beams in each span. Considerable 
deterioration of the concrete at the pier caps and reinforced concrete beams close to the pier cap 
were observed due to penetration of water and deicing agents through the deck joint above. In 
addition the bridge was load posted at 14.5 t (14,500 kg), preventing vehicles such as fire trucks, 
school buses and waste/dump trucks from traversing the bridge. The deteriorated concrete was 
removed from the beams and pier cap, and replaced with high strength rapid setting repair 
mortar. The beams were strengthened using heavy weight uniaxial CFRP fabric in flexure and 
triaxial CFRP fabric in shear to increase the load carrying capacity of the beams. The beam 
strengthening, carried out in June 2016, increased the load rating of the bridge up to 31.7 t 
(31,700 kg). The application of the first layer of uniaxial fabric on a beam is shown in Fig. 12. 

4.4 Pre-cured CFRP pile wraps 

The timber piles of the 3-span PC box beam bridge on KY 339 over Massac Creek in 
McCracken County, Kentucky had deterioration near ground level, requiring the pile sections to 
be strengthened or replaced. Triaxial CFRP fabric, 1.3 m in width, was pre-cured to fabricate a 
shell for wrapping the piles. A gap was left between the wrap and pile to fill with epoxy mortar. 
The epoxy is expected to penetrate into voids within the timber pile, further strengthening it.  

 
Figure 13. (a) Insertion of epoxy mortar between wrap and pile; (b) Retrofitted timber piles 



  

 

  

The section of the piles above the pile wrap was strengthened by wrapping triaxial CFRP fabric. 
The pile strengthening is shown in Fig. 13.   The pile retrofit was completed in November 2015. 

5 CONCLUSIONS 

The deployment of CFRP composites as components in two new bridge construction projects 
and as retrofitting elements in twelve existing bridges in Kentucky was highlighted.  CFRP was 
chosen because of their economic advantage over other retrofitting alternatives. The 
components used in the new bridges were intended for experimental purpose and material 
evaluation. The three CFRP retrofitting projects prior to 2010 highlight the different 
applications of CFRP fabric and pultruded laminates for strengthening both steel and concrete 
bridges. The experience gained from the projects prior to 2010, led to development, testing, and 
deployment of spliced CFRP rod panels on 10 bridges.  Two of the applications, an over-height 
truck impact retrofit and a deteriorated RC girder were highlighted. CRPs were found to be 
efficient when strengthening/retrofitting beams over multi-lane roadways or long spans over 
waterways. The use of CRPs allowed the retrofit to be carried out in a modular fashion, working 
out of a single man-lift/bucket truck. Triaxial CFRP fabrics were advantages when requiring a 
uniform amount of strengthening in all directions from a single layer of fabric. Two field 
applications, a pier column strengthening and a PC box beam strengthening using triaxial CFRP 
fabric were highlighted. Heavy weight uniaxial CFRP fabrics were advantages when retrofitting 
bridge components where a large amount of strengthening is required, but the application of 
traditional CFRP laminates or CRPs may not be feasible. Two bridges strengthened using heavy 
weight uniaxial CFRP fabric to address specific deficiencies efficiently and economically were 
highlighted. Details on the use of pre-cured triaxial CFRP pile wraps for the strengthening of 
wooden bridge pier-piles was also provided. Further use of CFRP material in future bridge 
construction and retrofit projects are recommended for their application to become more 
established and for developing design and inspection standards. 
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