
4th International Conference on Structural Health Monitoring of Intelligent Infrastructure (SHMII-4) 2009 

22-24 July 2009, Zurich, Switzerland 

 

 

 1

Bond Durability of FRP Repairs in Bridges

 

N. Banthia1, A. Abdolrahimzadeh1 , K.W. Neale2, P. Labossière2 , M. Demers2, A. A. Mufti3, E. 
Murison3, W. Saltzberg3 and S. A. Sheikh4 

 
1University of British Columbia, Vancouver, Canada 
2University of Sherbrooke, Sherbrooke, Canada 
3University of Manitoba, Winnipeg, Canada 
4University of Toronto, Toronto, Canada 
 

 

ABSTRACT: FRP repairs on concrete structures have become popular, but their 
long term durability remains in question.  The objective of this project was to assess 
the durability of FRP repairs applied on concrete bridges that have been in-service 
for some years. Four bridges were investigated: 1. Safe Bridge with sprayed FRP in 
British Columbia; 2. St-Ètienne-de-Bolton Bridge with four different FRP wrap 
products in Quebec; 3. Leslie Street Bridge in Ontario; and, 4. Maryland Bridge in 
Manitoba. These structures represent a wide variation in severity of environmental 
exposure, length of time in service, type of strengthening and type of FRP product. 
They also encompass flexural and shear strengthening of beams and strengthening of 
columns.  

To measure the integrity of the bond, mechanical pull-off tests were performed. 
Initial indications are that the bond between FRP and concrete in these structures is 
reasonably good, but the bond is strongly influenced by the placement technique, 
workmanship, exposure severity, and detailing.    

 
 

1 INTRODUCTION 

The majority of modern Canadian transportation infrastructure was built during the 1960s and 
many of these structures are now showing signs of deterioration and distress. The situation in 
many other countries is equally dire and many structures need replacement. To delay bridge 
replacements as long as possible, application of external reinforcing and strengthening elements 
such as fiber reinforced polymers (FRP) as part of strengthening processes has become popular 
in Canada and indeed around the world. FRP is generally applied locally as a patch to enhance 
strength (Nanni, 2001). Beams are generally reinforced in shear and flexure; and columns are 
wrapped for an increase in strength through confinement and an increase in structural durability. 
A variety of FRP products with varying physical and mechanical properties have been 
introduced to the market (Neale, 2008).  As an added advantage, FRPs provide an insulating 
layer against corrosion in cases of direct exposure to salts.  
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Unlike concrete and reinforcing steel, little is known of the long term durability of FRPs and the 
effects of the environment on these materials. A comprehensive study on the durability of GFRP 
rods used as internal reinforcement in in-service bridges was carried out by ISIS Canada in 2006 
(Mufti, 2007). It was shown that GFRPs used in bridges had not shown any signs of 
deterioration and alkali attack had not occurred.  

Durability of FRPs when used as externally bonded strengthening coats remains poorly 
understood. One concern is their durability to UV and heat (Balaozs, 2001), but proper coatings 
have been developed for that purpose. Another concern is durability of the bond between 
concrete and the FRP. To investigate the bond issue, ISIS Canada commissioned a field study 
involving four bridges in Canada.  Bridges were subjected to varying climatic conditions and 
were strengthened using diverse FRP products. This report describes the findings of the study. 

 

2 FIELD STUDY 

The four bridges selected for the study were exposed to a wide range of environmental 
conditions.  Different types of the GFRP and CFRP systems from various manufacturers were 
studied to provide a comprehensive report on the general performance of the material regardless 
of the material manufacturer. 

2.1 Safe Bridge 

Constructed in 1955, Safe Bridge is one of the few precast concrete channel beam (PCCB) 
bridges still in use on Vancouver Island in Canada. Repaired and strengthened by Sprayed 
GFRP in 2001 (Banthia, 2002), the bridge spans over a small creek accommodating two-lanes 
of traffic and a pedestrian sidewalk shown in Figure 1.  The structure is exposed to average 
temperatures between -5.5o and 17.8oC (Banthia and Abdolrahimzadeh, 2009). 
 

 

Figure 1- Safe Bridge, BC - view facing west 

2.2 St-Ètienne-de-Bolton Bridge 

St-Ètienne Bridge was built in 1962 near St-Ètienne-de-Bolton community roughly 50 
kilometers west of the City of Sherbrooke in Canada and spans across Autoroute-10 (see Figure 
2).  In 1996, nine out of 12 columns supporting the bridge were repaired and retrofitted with 
GFRP and CFRP from three different manufacturers for protection against further corrosion of 
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the steel reinforcement (Labossière, 2005). This structure is exposed to temperatures from -18 to 
24oC, notable amounts of de-icing salts and physical impact from snow clearing processes. 

 

 

Figure 2 - St-Ètienne-de-Bolton, QC - view facing east 

2.3 Leslie Street Bridge 

The Leslie Street Bridge, built in the 1960s, is located in Toronto, Ontario. The bridge 
accommodates seven westbound and six eastbound lanes of highway 401. In 1996, CFRP wraps 
were implemented on the columns as a repair mechanism to halt corrosion due to excessive use 
of de-icing salts in the cold season (Sheikh and Caspary, 2008). The temperature in Toronto 
varies on average from -10 to 27oC with multiple cycles of freeze-thaw. 
  

 

Figure 3-Leslie Street Bridge, Toronto, Canada 
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2.4 Maryland Bridge 

Maryland Bridge, built in 1969 in Winnipeg, Manitoba consists of two five-span continuous 
concrete structures each supported by seven precast prestressed girders. In 1999, a rehabilitation 
analysis based on the AASHTO Code revealed that the I-shaped girders had sufficient flexural 
strength but insufficient resistance to sustain shear forces induced by increased truck loads. This 
resulted in an application of externally bonded CFRP sheets at girder ends in order to enhance 
their shear capacity (Mufti et al, 2008).  

Winnipeg has a relatively dry climate with temperatures varying from -22.80 to 25.80 C. 

 

 

Figure 4-Maryland Bridge, Manitoba - view facing north 

3 EXPERIMENTAL PROGRAM  

The integrity of FRP-Concrete bond is difficult to determine. Although there are numerous non-
destructive testing techniques that claim to be capable of such evaluation, to acquire 
quantitative, accurate and relatively confident results, a direct tensile pull-off test is necessary. 

The test was carried out in accordance to ASTM C1583-04 standard procedure (Figure 5). FRP 
reinforced structural elements under consideration were first stripped of their protective paint 
and plastic barriers, wherever such barriers existed, with extreme care not to damage or induce 
an impact on the material. The process was carried out manually using a mallet and a chisel. 
These protective layers are generally placed on top of FRPs to protect the polymer from UV 
rays and direct exposure to the precipitation and de-icing salts. 

After gridding the FRP surface, the location of cores were arbitrarily chosen and marked as seen 
in Figure 6. For columns, the core markings were made on two grids; a grid exposed to the road 
with a 30 degree angle from the axis of the road and a grid on the opposite side of the column as 
seen in Figure 7. Cores taken from flexural members were taken from girder sides near the 
supports where shear is at its maximum and in some cases also at the mid-span. Once the 
location of the cores was determined, coring commenced. Cores had to be deep enough to 
penetrate a few millimeters into the concrete and up to a maximum depth of ten millimeters. For 
optimum results, coring was carried out in 30 second intervals with a 2 minute gap in between 
each interval to avoid localized over-heating of the FRP. The coring drill had an inner diameter 
slightly larger than the steel disks for a total area of 2284 mm2. Rigid steel disks with 50 
millimeter diameter rigid plates and concentrically threaded pullout extensions were then 
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attached by a chemical adhesive. These adhesive materials are generally two-component 
epoxies that yield a bonding strength of four to five MPa. To ensure proper adhesive bond, the 
disks were mechanically secured for a minimum of 24 hours (see Figure 8). 

After the epoxy was set, the disks were pulled-out using a test set-up consisting of a 
mechanically driven arm connected to a calibrated dynamometer (see Figures 5 and 10). The 
load was applied at a rate of 0.005 MPa/s and the maximum pull-off load was recorded. Finally, 
the core areas were filled with compatible materials and painted over. 

In some instances (especially in the case of the Leslie Street Bridge) a premature adhesive 
failure occurred in the epoxy forming the interface between the FRP and the steel disk. In such 
cases, the load recorded was used to calculate the strength of the FRP-concrete bond. The logic 
was that the FRP-concrete interface in question had at least supported the recorded load.    
 

 

 

 

 

 

 

 

 

 Concrete 

Repair Surface 
[CFRP Sheet] Epoxy  

Adhesive 

Steel Disk with 
Swivel Joint 

Tensile Loading 
Device 

Circular Cut 
[ ≥10mm below interface] 

Counter  
Pressure Ring 

Figure 5- Schematic of Test Set-up (Mufti, 2008) 

 

 

Figure 6-Gridding and Random Selection of Core Locations 
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Figure 7-The position of the column grids with respect to the road 

 

 

Figure 8-Securing test disks during epoxy setting 
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Figure 9-Pull-off Testing using a Swiss made DVNA Haftprufer Z16 

 

Figure 10-The Coring Setup 

4 RESULTS 

The pull-off load readings from various locations were used to calculate the tensile bond 
strengths and are reported in Table 1. A pull-off load transfer area equal to the core disk area 
over which the epoxy gel was applied was used in the calculations. Notice that in Table 1, data 
are provided for both carbon and glass fiber reinforced polymer repairs. Recall that CFRP 
systems were implemented on Leslie Street and Maryland bridges, GFRP on Safe Bridge and a 
mixture of both CFRP and GFRP on St-Ètienne Bridge. In most of the tests, failure occurred in 
the concrete substrate. 
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Table 1- Ultimate Tensile Bond Strength 

Mean Stand. Maximum Minimum
(MPa) Deviation (MPa) (MPa) (Years)

SafeBridge Middle Span 1.45 0.76 2.56 0.48 Glass 8
SafeBridge End Spans 1.06 0.88 2.61 0.18 Glass 8
Maryland Bridge 3.25 0.90 4.24 1.38 Carbon 10
Leslie Street  Bridge 1.89 0.84 3.30 1.00 Carbon 11
St-Ètienne Bridge (Column1) 0.72 1.11 2.85 0.09 Glass 12
St-Ètienne Bridge (Column2) 2.53 1.48 4.74 0.88 Carbon 12
St-Ètienne Bridge (Column3) 1.94 1.63 4.54 0.12 Carbon 12
St-Ètienne Bridge (Column4) 3.60 1.34 4.95 0.57 Glass 12

Ultimate Pull-off Strength Age of 
RepairType of 

Fiber

 
5  DISCUSSION 

A high standard deviation in data indicates that there is large variability in the measured bond 
strengths at the four sites. The cores were indiscriminately taken to ensure that no bias was 
introduced in the testing. The mean bond strength varied from as low as 0.72 MPa to as high as 
3.60 MPa. 

 In the case of the Safe Bridge, a low value of bond strength at the end spans was further 
investigated. It was noted that at the ends of the girder, there was continuous water seepage 
from the deck. Given the geometry of the channel girders, some water would have undoubtedly 
seeped to the underside of FRP spray and undergone freezing and thawing cycles causing bond 
deterioration. It is imperative therefore that after application, the FRP edges be sealed properly 
to prevent the infiltration of water.    

Table 1 indicates that more than the type of FRP, it is the workmanship, properties of the 
concrete substrate, exposure conditions and loading conditions that govern the bond.  Overall, 
the FRP concrete bond is sound at most places, but there are some locations where the bond has 
been compromised. The research team is currently investigating the reasons for inferior bonding 
so better practice protocols can be developed.    

6 CONCLUSIONS 

Durability assessments were carried out on four FRP strengthened bridges by conducting FRP-
concrete bond tests. The following conclusions were drawn.  

1. The mean bond strength varied from as low as 0.72 MPa to as high as 3.60 MPa. The 
variability in bond measurements was inordinately high. Overall, the FRP concrete 
bond is sound at most places, but there are some locations where the bond has been 
compromised. 

2. More than the type of FRP (glass or carbon), the workmanship, properties of concrete 
substrate and detailing appear to be the important factors governing bond. It is 
imperative that after application, the FRP edges be sealed properly to prevent the 
infiltration of water.  
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