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ABSTRACT 
 
Located near downtown Tampa, Florida, the city’s Harbour Island area is an affluent area that is home to the city’s 
convention center, as well as upscale condos and businesses.  When Tampa recently upsized a large force main, it 
required a unique solution to address the nearly 400 feet of pressurized pipeline that crosses a bridge and runs 
alongside the Seddon Channel, which is across the street from the convention center.  The high water table, 
waterfront walkways, brick paver sidewalks and adjacent condos made excavation unfeasible.  Instead, the city 
chose Fibrwrap Construction to rehabilitate this pipeline segment using its Tyfo® fiber-reinforced polymer (FRP) 
system.  
 
The pipe segment begins as a 48-inch steel pipeline before connecting to a 54-inch PCCP using a concrete-lined 
steel reducer. Originally a simple tie-in, the PCCP was found to be in much worse condition than anticipated and 
needed to be resurfaced and strengthened in areas. The only entrance to the pipeline started above ground near the 
bridge and water’s edge, turned 90 degrees and then continued for several hundred feet, wrapping around condos 
and boat slips along the outskirts of the island. This single point of accessibility made safety paramount and required 
special ventilation for not only breathable air, but also temperature to ensure proper cure of the FRP system. Tyfo® 
FRP was laid up by hand in both longitudinal and hoop layers using multiple layers of the FRP product.  The result 
is a fully structural solution with diameter loss of less than ½-inch.  
 
 
 
 
 
INTRODUCTION  
 
Originally placed into service in 1951, Tampa’s Harbour Island Force Main is one of the primary pipelines that 
conveys wastewater from the Krause Street Pumping Station in downtown Tampa to the Howard F. Curren 
Advanced Wastewater Treatment Plant on Hookers Point, the city’s lone facility responsible for treating all of the 
city’s wastewater.  It serves Harbour Island, an affluent area located near the city’s downtown, which is adjacent to 
Tampa’s convention center as well as many high rise hotels, upscale condos, restaurants, and businesses. 
 
 
 

North American Society for Trenchless Technology (NASTT) 
NASTT’s 2018 No-Dig Show 

 
Palm Springs, California  

March 25-29, 2018 
 



Paper MM-T1-04 

It became quite apparent by the city of Tampa that significant portion of the pipeline required repair. A large open-
cut project was designed and constructed in order to upsize a portion of the large, two-mile-long force main.  The 
removal/replacement project’s construction reached a critical segment of the pipe that began on a bridge from 
downtown Tampa to Harbour Island and ended approximately 400 feet away on the harbor front, sandwiched tightly 
between two condominium buildings. See Figure 1 for an overhead view of the project area.  
 

 
Figure 1.  Tampa’s Harbour Island Force Main conveys wastewater from the Krause Street Pumping Station in 

downtown Tampa to the Howard F. Curren Advanced Wastewater Treatment Plant on Hookers Point (HFC AWTP).   
Removal/Replacement project area is illustrated by orange dotted lines. Carbon Fiber rehabilitation area is illustrated 

by green dotted lines. 
 

 
The original construction plan called for the bridge and harbor front area to be shut down while the original pipeline 
was excavated, removed and replaced. As one of only two ways to enter the island, the heavily traveled bridge 
carries approximately 20,000 vehicles a day and had already faced temporary closures as part of the open cut 
project. Extending the bridge closure would cause major disruption to residents, contractors, and hotel-goers 
travelling to and from the island.  
 
In addition, to perform the removal and replacement of the force main as originally planned, a very large, and 
extremely heavy crane would have to be placed on the bridge in order to stage the excavator needed to perform the 
pipe excavations. The combination of economic impact, disruption to residents, and risk of exceeding the bridge’s 
loading capacity caused the city to reevaluate the options for this section of the project. In the end, the city 
determined that it needed to consider less disruptive ways to rehabilitate the pipe, and with lower risk. See Figure 2 
for an overhead of the bridge in question.  
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Figure 2.  After an aerial crossing along the bridge over the harbor, the pipeline made a 90-degree turn down below 
grade and traveled 350+ feet, wrapping around high-end condos and boat slips along residential waterfront of the 

island. 
 
 
 

REHABILITATION CHALLENGES 
 
The force main’s waterfront location wasn’t the City of Tampa’s only concern.  The pipeline’s configuration also 
posed significant challenges due to the vertical and horizontal bends, and extremely limited access. After aerially 
crossing the harbor along on the side of the bridge, the pipeline made a 90-degree vertical turn down into the 
ground.  From there, the pipeline turned both vertically and horizontally 90 degrees and travelled parallel to the 
ground, approximately 4 feet below grade over 350 feet in length, in close proximity to high-end condos and boat 
slips (See Figure 3).  
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Figure 3. The high water table, waterfront walkways, brick paver sidewalks and adjacent condos made it unfeasible 

to excavate the nearly 400 feet of pressurized PCCP pipeline that runs alongside Seddon Channel. 
 
 

The pipeline then made a horizontal 90-degree turn before dead ending at a line stop at the limits of construction, 
where the temporary bypass was connected. The high water table, waterfront walkways, brick paver sidewalks (See 
Figure 3) and adjacent condos all added to the city’s concerns about the feasibility of digging up and replacing the 
pipe. 
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Figure 4. After an aerial crossing along the side the bridge, the pipeline made a 90-degree vertical turn down into the 
ground and 90-degree horizontal turn, and travelled below grade beneath the harbor front. 
 
 
Further complicating the project was the pipe’s size and composition. On the bridge, the line starts as a 48-inch steel 
pipeline and transitions with a concrete lined steel reducer to 54-inch prestressed concrete cylinder pipe (PCCP) 
about 35 feet downstream. At the beginning of the trenchless rehabilitation planning, the 54-inch PCCP was to be 
used as the termination point of the FRP rehabilitation. However, upon visual inspection the PCCP was found to be 
in far worse condition than the city anticipated and would need to be resurfaced and further strengthened in some 
areas.   
 
The pipe’s two 90-degree elbows, diameter change and poor condition weren’t the only factors that would limit the 
city’s pipeline rehabilitation options. The solution would also need to be installed from a single access point located 
in a wall below the bridge. Downstream, the limits of rehabilitation/construction terminated at a line stop into which 
the temporary bypass was connected, eliminating the ability to access the line from this end of the project. 
 
 
TAMPA’S CHOICE:  FIBER-REINFORCED POLYMER  
 
In an unrelated project, Tampa had recently used a non-disruptive carbon fiber reinforced polymer (CFRP) solution 
to rehabilitate three large-diameter pipes that connected two vaults at the Howard Curren Advanced Wastewater 
Treatment facility.  It was during this installation, where the City of Tampa saw the inherent advantages using the 
CFRP system and realized the potential use for this project. The fiber-reinforced polymer (FRP) system involves 
bonding a custom engineered application of layers of FRP (carbon and glass fibers) to the internal surface of a 
pipeline. Application of fiber reinforced composite layers leaves the internal diameter of the pipe virtually 
unchanged, and resulting in an improvement in flow characteristics, while producing an economical, fully structural 
solution capable of handling internal pressures up to 450 psi, that can be installed rapidly. In addition, the 
installation crew can be mobilized quickly (in about week or less depending on the need) reducing the down time 
and effectively reducing bypass costs. 
 
Building on the success of the previous Tyfo® FRP project, Tampa officials contacted Aegion in March 2017 to 
inquire about using the FRP solution to rehabilitate this segment of the Harbour Island force main as an alternate to 
the original open cut excavation scope.  The FRP system offered multiple advantages over open cut excavation, as 
well as other trenchless alternatives: 
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1.)  It would enable the city to avoid digging and disrupting heavy bridge traffic as well as waterfront pedestrian and 
boater traffic.  Given the pipeline’s location along the busy, high-traffic commercial and residential area, a no-dig 
solution offered economic benefits to the community as well. 
 
2.) It required minimal noise mitigation.  FRP installation is a relatively quiet process, creating little or no 
disturbance to nearby homes and businesses.   
 
3.) It could be installed with a small equipment footprint.  The pipeline’s location in a busy, congested urban area 
allowed little room for construction equipment.  The FRP installation process requires far less equipment than 
virtually any other rehabilitation or replacement option.  
 
4.)  It was able to trenchlessly rehabilitate a large diameter pipeline with multiple 90-degree bends with one access 
point.  This pipeline segment only offered workers one way in and out – which was all that was needed to complete 
the work safely. Access points for FRP rehabilitation are generally smaller than access points for other technologies. 
 
5)  It could be adapted to accommodate the two pipe elbows, as well as the changes in pipe composition and 
diameter.  
 
6.) Because minimal lead time is needed to obtain materials and mobilize crews, FRP can be implemented on only a 
few days’ notice. FRP solutions are frequently used for emergency and quick-turnaround work for this reason. Rapid 
mobilization was particularly helpful on the Harbour Island project because the force main was operating under an 
expensive temporary bypass pumping system at a cost of approximately $2,000/day while repairs were underway. 
(See bypass in Figure 5) With the clock ticking, the city sought a permanent solution that could be quickly 
mobilized and installed.   
 
 

 
Figure 5. A temporary bypass pumping system operated at a cost of approximately $2,000/day while repairs were 

underway. 
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THE REHABILITATION PROCESS 
 
The project goal was to install an AWWA Class IV fully structural liner in the 66-year-old force main, some 
sections of which were in worse structural condition than others. A visual inspection found severe concrete loss at 
the crown of the prestressed concrete pipe. Epoxy mortar concrete was used to restore the crown section of the pipe 
and reshape it prior to rehabilitation.   
 
The AWWA draft Standard for Strengthening and Renewal of PCCP (C305) was used to calculate the design for the 
number and orientation of layers of the FRP material that would be applied in order to achieve the AWWA M28 
Class IV fully structural, stand-alone solution with a minimum 50-year engineered design life.  Also, the AWWA 
C305 requires the design to meet specific limit states for both the installation of the CFRP in both the hoop and 
longitudinal directions. The designs take multiple variables into account, including pipe depth, diameter and 
composition, internal operating pressure, surge pressures, soil modulus, structural loading, and water table, among 
others. Considering the CFRP system is a unidirectional system, the design is broken down into two parts. 
 
For the hoop direction, four limit states were checked: 1) Internal pressure demands, 2). Bending due to external 
loads, 3). Bending and pressure inside the pipe, and 4). Localized buckling due to external loads. For the 
longitudinal direction, four limit states were also checked: 1). Burst pressure due to thrust, Poisson’s effect and 
temperature change, 2). Shear failure at the pipe joints, 3). Buckling due to temperature change, and 4). Localized 
bending due to broken wires for the PCCP pipes. The design process resulted in three designs being utilized for the 
various segments of the project: one for the 48-inch steel pipe elbow, another for the horizontal and reducer portion 
of the steel pipe and a third for the 54-inch PCCP section. See Figure 6 below for a photo of a certified installer 
applying the FRP product.  
 

 
Figure 6.  Tampa chose to rehabilitate the force main with the fiber-reinforced polymer (FRP) system, which 

involves bonding specially designed layers of FRP (carbon and glass fibers) to the internal surface of a pipeline. 
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Each section would include at least three layers of Tyfo® SCH carbon fiber material. Fiberglass web material would 
also be added to the steel pipe and reducer sections to act as a dielectric barrier. The most robust design for the 54-
inch PCCP pipe section required an additional layer of CFRP from spring line to spring line to provide additional 
strength required in buckling to account for the concrete mortar loss, which resulted from the H2S corrosion. All 
three designs resulted in a finished thickness less than ¼”. 
 
To install the FRP, crew members entered the pipeline through the vertical pipe section housed in a parapet vault 
that started above ground near the bridge and water’s edge. Because this was the only access point to the pipe, 
project safety was paramount and required a specialized ventilation system and job-specific confined space 
protocols to ensure breathable air inside the pipeline. Ventilation controls were also put in place to ensure that 
internal air temperature and humidity were regulated, ensuring the proper cure of the FRP system. A specialized 
abrasive blast was used to prepare the surface and to ensure the proper conditions to hand applying the material. See 
Figure 7 for a photo of the jobsite footprint. 
 

 
Figure 7.  FRP saturating setup in the small jobsite footprint. 

 
 
Above ground, crews saturated each roll of carbon fiber with epoxy resin and covered it with plastic to protect it 
from contaminants, prior to lowering it into workers inside the pipe.  Once inside the pipe, workers applied the liner 
by hand in both longitudinal and hoop layers, using trowels to check for air pockets as the interior of the pipe was 
wrapped and to ensure the proper alignment of fibers.  Each layer was allowed to cure using the ambient air 
temperature before the next layer was applied. Witness test panels were utilized as the QA/QC method to ensure 
proper layer thickness and bond strength to the host pipe. 
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RESULTS 
 
Fibrwrap Construction was awarded the project in late March 2017.  The entire pipeline segment was rehabilitated 
during the month of April 2017 with minimal disruption and zero safety incidents. The result is an AWWA Class 
IV, fully structural stand-alone solution with diameter loss of less than ½-inch. Because this was the final segment of 
the larger pipeline replacement project, the general contractor reconnected the vertical segment to the remainder of 
the pipe and removed the temporary bypass shortly after the FRP installation. The force main was returned to 
service in May 2017, ahead of schedule. 
 
Not only did the solution restore the structural integrity of a large diameter, pressurized force main with two 90-
degree elbows, a diameter change and a single access point, but it enabled the work to be completed in less time and 
with far less disruption and less risk than the owners and design engineers originally anticipated. 
 
This project demonstrates that when a city thinks outside the box of traditional solutions, it can achieve superior 
results without disrupting a high-traffic, visitor-filled area.  The project is a great example of applying a cost-
effective, quick turnaround rehabilitation solution to improve the impact and effectiveness of a project’s original 
remove and replacement design. 
 
 
 


