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 9 
Bridge structures throughout the world rely on grouted post-tensioned (PT) tendons as a 10 

significant part of their structural capacity. However, problems with grouting techniques and 11 
grout materials have resulted in bridges with voids, chloride contamination, and soft or 12 
segregated grouts which have resulted in corrosion and failure of PT tendons. Some of these 13 
failures have occurred within 6 to 17 years of service. The Florida Department of Transportation 14 
(FDOT) has spent more than $55 million (USD) repairing 11 post-tensioned bridges to date.  15 

Inspection, maintenance and management of post-tensioned bridges is essential to assure 16 
post-tensioned structures are sound and last for their intended service life. 17 

  A cost-effective corrosion mitigation technique has been developed to minimize the 18 
corrosion of improperly or poorly grouted PT tendons and extend the service life of bridges 19 
which have these grout issues. This paper describes the development and implementation of this 20 
technique on actual grouted PT tendons. This Technique has been evaluated and used on 21 
segmental bridges in Florida and Virginia including the I-95 / I-295 Interchange in Jacksonville, 22 
FL, the I-4 Connector in Tampa, FL and the Varina-Enon Bridge in Virginia. 23 

The method used to mitigate corrosion on grouted PT tendons consists of impregnating the 24 
grout with a low viscosity material which creates a corrosion resistant film on exposed steel 25 
surfaces and penetrates the grout adjacent to the strands. Laboratory and field testing has 26 
confirmed the ability of the impregnation material to travel the length of PT tendons in bridges. 27 
Testing shows that impregnation can reduce corrosion by over 90%.  28 

Impregnation is a new technology which is available to mitigate corrosion and extend the 29 
service life of PT strands in grouted tendons. 30 
 31 
Keywords: Post-tension, Impregnation, Corrosion, Mitigation  32 
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DISCUSSION 1 
PT tendons are filled with a cementitious grout to protect the tendons by providing a passive, 2 

high pH, corrosion resistant environment around the steel strands. If grout defects like voids, soft 3 
grout, grout segregation or chloride contamination occur then these steel PT strands are at an 4 
increased risk of corrosion and failure.  5 
 6 
Voids 7 

Voids are the result of incomplete filling of the ducts with grout or air or water being trapped 8 
in the duct during the grouting operation. Voids are a common result of grout bleed, where excess 9 
water in the grout floats to the top of the grout.  This results in a pocket of trapped water or an air 10 
void, if the water later dissipates. Grout bleed was a common occurrence in early PT structures 11 
and typically ranged between 3 and 5% of total grout volume when standard cement/water grout 12 
was used. These bleed water voids often appear at the high points of draped PT strands (Figure 1). 13 
Water can seep into voids and create a localized area of corrosion along the PT tendon. 14 

Voids can often be identified by the use of sonic / ultrasonic NDT methods.  Physical openings 15 
and visual inspections can be made at tendon high points or other locations to confirm the presence 16 
of a void and the condition of the strands.  17 
 18 
Variations in grout properties 19 

As shown in Figure 2, prepackaged grouts can segregate if they are mixed with excess water. 20 
This can form a layer of porous and/or soft grout with a different chemical composition compared 21 
to good-quality grout. Excess water in cement/water grouts can result in the presence of a soft, 22 
chalky, porous upper layer of grout in addition to the voids caused by bleed, as mentioned 23 
previously. Variations in grout properties can initiate corrosion without the need for other 24 
environmental contaminants. These grout variations can create variations in electrical potentials, 25 
which can initiate and sustain corrosion. A variation in a property such as pH, density, porosity, 26 
or chemical composition (for example, chlorides or sulfates) can result in corrosion.  27 

Sonic / ultrasonic NDT methods can be used to find locations of soft grout and water.  Care 28 
must be taken when using these methods as these defects may not be as apparent as identifying the 29 
presence of voids. 30 
 31 
Chloride-contaminated grout 32 

The detrimental effect of chlorides and their ability to initiate corrosion is well known. 33 
Despite this knowledge and the desire of owners, engineers, and suppliers to avoid chlorides, 34 
chloride contamination may still occur. Chloride contamination can occur in a number of ways, 35 
including:  36 

• Exposure to chlorides in the environment.  Seawater or salt spray may come in contact with 37 
the steel strands or may accumulate in the ducts during construction. Chlorides may 38 
penetrate over time if the structure is exposed to seawater or deicing chemicals. Susceptible 39 
areas include grout voids and tendons or anchorages near joints or cracks in the structure. 40 

• Grout can be contaminated through the use of mix water containing chloride. In some 41 
cases, the cement products themselves may contain chlorides. 42 

Investigation techniques to determine the presence of chlorides typically involves collection 43 
and chemical analysis of grout samples.  In some cases electrochemical techniques such as 44 
half-cell potentials can be used to determine the risk of corrosion. 45 

  46 
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FIGURE 1  Corrosion due to a grout void at an anchorage located at a high point on a 3 
draped tendon – Courtesy of Florida DOT 4 

 5 

 6 
 7 

FIGURE 2  Segregated prepackaged PT Grout - Courtesy of Florida DOT 8 

POST-TENSION TENDON IMPREGNATION 9 
FDOT has a number of bridges which have experienced corrosion and failure of the PT 10 

tendons. These bridges have grout issues, as described previously, making the tendons susceptible 11 
to corrosion. To investigate the capabilities of the Post-Tension Impregnation (PTI) system, FDOT 12 
proposed a pilot testing project consisting of a two-stage evaluation process beginning with 13 
laboratory testing followed by treatment of full scale tendons on a FDOT bridge. The laboratory 14 
assessment of the PTI system was accomplished in cooperation with FDOT. For the full-scale field 15 
demonstration, Vector demonstrated the ability of the PTI system to treat tendons on a FDOT 16 
bridge in Jacksonville, FL (Figure 3).  The I-95/I-295 Interchange Bridge was selected by FDOT 17 
since a previous PT inspection had identified grout defects in the tendons. 18 
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 2 
FIGURE 3  I-95/I-295 Interchange Bridge, Jacksonville, FL – Courtesy of Vector 3 
Corrosion Technologies 4 

 5 
The PTI system, utilizes a hydrocarbon and silicon based material that has the ability to 6 

impregnate the grout PT surrounding the strands and form a protective film on any exposed steel 7 
surfaces to protect them from corrosion. The impregnation process provides improved corrosion 8 
and moisture resistance, to the PT strands. This system utilizes the interstitial spaces between the 9 
wires (Figure 4) to deliver the corrosion mitigating material along the length of the cable. The 10 
impregnation material can be introduced at the tendon ends or from intermediate locations along 11 
the PT duct (Figure 5).  12 

 13 

 14 
FIGURE 4  Cross-Section of a PT Strand Showing Interstitial Spaces between the Wires – 15 
Courtesy of Vector Corrosion Technologies 16 

 17 

 18 

 19 

 20 

 21 

 22 

FIGURE 5  Application of PTI System – Courtesy of Vector Corrosion Technologies 23 
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LABORATORY TESTING AND CONFIRMATION 1 
Laboratory testing was completed on actual bridge tendon specimens which were provided 2 

by FDOT. The tendon specimens provided were sections of external tendons which had been 3 
removed from the Ringling Bridge in Sarasota, FL (Figures 6 & 7).  4 

 5 

 6 
FIGURE 6  Cross-Section of Removed PT Tendon Specimen – Courtesy of Vector 7 
Corrosion Technologies 8 
 9 

 10 
FIGURE 7  Ringling Bridge – Courtesy of Florida DOT 11 
 12 

Each specimen was 4.5 in. (114 mm) in diameter, contained twenty-two 0.5 in. (13 mm) 13 
diameter strands and was between 3 and 4 ft. (0.9 and 1.2 m) in length.  These tendons were 14 
removed due to the presence of defective grout which resulted in corrosion and tendon failure. 15 
Two of the tendon samples were chosen for PTI treatment. One was treated from the end (Figure 16 
8). The second was treated from a port installed near the midpoint. Testing confirmed the ability 17 
of the impregnation material to soak into the grout and to flow through the interstitial spaces the 18 
length of the sample.  19 
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 2 
FIGURE 8  PT Impregnation of Tendon Sample – Courtesy of Vector Corrosion 3 
Technologies 4 
 5 

Laboratory testing was also performed to verify the ability of the impregnation material to 6 
protect the steel from corrosion. Salt spray testing was performed on treated and untreated strand 7 
samples (Figure 9). Potentiostatic testing was performed on strand samples cast in grout (Figure 8 
10). This testing was performed on samples with grout voids as well as samples with chloride 9 
contaminated grout. Impregnated samples performed much better than untreated samples (Figures 10 
11 & 12) and reduced corrosion by more than 90%. 11 

FDOT has completed accelerated corrosion testing of impregnated and unimpregnated 12 
sections of tendons which were removed from the Ringling Bridge.  The samples were exposed to 13 
salt fog and salt water ponding for 5000 hours which is equivalent to several decades of exposure.  14 
Impregnated tendons performed very well with little or no corrosion compared to the untreated 15 
tendons.  A full report is available on the FDOT website.   16 
 17 
 18 

 19 
FIGURE 9  Salt spray testing on untreated (left) and PTI treated strand (right) – Courtesy 20 
of Vector Corrosion Technologies 21 
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 2 
FIGURE 10  Potentiostatic testing in progress – Courtesy of Vector Corrosion Technologies 3 
 4 

 5 
FIGURE 11  Corrosion reduction of PTI treated tendons with 4.5% voids – Courtesy of 6 
Vector Corrosion Technologies 7 
 8 

 9 

FIGURE 12  Corrosion-reduction of PTI treated tendons in chloride contaminated grout 10 
(2%Cl-) – Courtesy of Vector Corrosion Technologies 11 
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FIELD DEMONSTRATION PROJECT 1 
Based on the success of the PTI system in the laboratory a field PTI demonstration project was 2 

performed by Vector Corrosion Technologies.  The demonstration was performed on grouted 3 
external PT tendons of the I-95/I-295 Interchange in Jacksonville, FL.  This bridge was chosen for 4 
a number of reasons, including: 5 

• Recent inspection of the bridges revealed the presence of soft grout in some tendons, making 6 
the tendons susceptible to corrosion. 7 

• The structures contained external tendons which would facilitate inspection and evaluation of 8 
the effectiveness of impregnation after the impregnation was completed. Verification was 9 
completed by removing sections of the plastic duct and then carefully removing the grout to 10 
expose the strands.  This procedure allowed for visual inspection of the grout and strands after 11 
impregnation had been completed. 12 
 13 

The PTI system was used to impregnate four grouted PT tendons. One objective was to 14 
evaluate the ability of the PTI system to impregnate the full length of tendons from the end. This 15 
work was performed on three tendons by removing the anchor end caps and grout at each end of 16 
the tendon to expose the end of the strands. Two of the tendons were 256 ft. (78m) long. The third 17 
tendon was 205 ft. (62.4m) long. End caps were reinstalled and the impregnation material was 18 
pumped the full length of each tendon. Impregnation continued until impregnation material was 19 
visible at the far end of each strand (Figure 13). Six inspection openings were made along the 20 
length of each impregnated tendon to confirm the strands and the grout surrounding the strands 21 
had been impregnated (Figure 14). 22 
 23 

 24 
FIGURE 13  PTI Impregnation material exiting the far end of 256 ft. long tendon – 25 
Courtesy of Vector Corrosion Technologies 26 

 27 
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 1 
FIGURE 14 Inspection openings were made in PT tendons to confirm impregnation – 2 

Courtesy of Vector Corrosion Technologies 3 
 4 

The second objective was to evaluate how the system would perform when impregnation 5 
is done from an intermediate or mid-point location. Impregnation of a 205 ft. (62.4m) long tendon 6 
was completed through a ¼” diameter tube installed in a hole drilled through the plastic duct near 7 
the mid-point of a tendon. Impregnation continued until impregnation material was present at both 8 
ends. 9 
 10 
INSPECTION OF IMPREGNATED TENDONS 11 

After impregnation was completed, six openings were made along the length of each of the 12 
impregnated tendons. Openings were made by removing a section of the plastic duct, then chipping 13 
by hand to remove the grout and expose the strands. Removal of the grout continued until the 14 
exterior surface of the strands was visible around the full circumference. Impregnation material 15 
was present within the strands and had impregnated into grout adjacent to the strands (Figures 15 16 
& 16).  17 

These tendons have been inspected 4 years after impregnation and will continue to be 18 
monitored in the future. 19 

 20 

 21 
FIGURE 15  Removal of plastic duct after cutting – Courtesy of Vector Corrosion 22 
Technologies 23 
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 2 

FIGURE 16  PTI Impregnation material present around strands – Courtesy of Vector 3 
Corrosion Technologies 4 
 5 
 6 
CONCLUSIONS 7 

As a result, the following conclusions were reached:   8 

1. The PTI material coats the surface of each wire and is capable of impregnating the grout 9 
adjacent to the strand. 10 

2. Laboratory testing has verified the corrosion protection capabilities of the PTI material 11 
when exposed to corrosive salt spray environment. 12 

3. Potentiostatic testing has shown Impregnation reduced corrosion by more than 90% for 13 
strands with grout voids or strands in chloride contaminated grout. 14 

4. The PTI system is capable of impregnating the full length of 256 ft. (78 m) and 205 ft. 15 
(62.4 m) grouted tendons when completed from an end anchorage location. 16 

5. The PTI system is capable of impregnating up to 100 ft. (30.5 m) in each direction when 17 
completed from a mid-point location. 18 

6. The procedures described in this paper have been used on PT tendons at risk of corrosion 19 
on other bridges, buildings and industrial structures in Florida, Virginia, New York, 20 
Washington, Ontario, Newfoundland and the United Kingdom. 21 


