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Figure 2. Elevation of the pole for the 
retrofit scheme using FRP. 

The FRP Alternative 
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Fiber Reinforced Polymer (FRP) prod 
uces have high tensile strength and can 
easily address the shortcomings of the 
pole. However, the compressive strength 
of FRP is lower than its tensile strength. 
In most retrofit projects, it is not unco1n-
1non to ignore the co1npressive strength 
of the FRP. This meant that conventional 
concrete or grout had co be added co che 
pole to increase the pole thickness and 
thereby reduce che compressive stresses 
below the allowable li1nirs. 
Among che options considered, the use 

of FRP offered the most viable solution 
(Figure 2). The repair technique offered 
che flexibili ry to easily change che 
strength of the pole along the height. 
Tension reinforcement for the pole was 
provided by bonding unidirectional 
carbon fabrics co che exterior surface of 
the pole. The carbon fabric used for this 
project was supplied in 24-inch-wide 
rolls and had a tensile strength of over 6 
kips per inch of width of the fabric. The 
fabric can be cur in to narrower bands for 
ease of installation without any adverse 
effect on its strength. 

Based on d1e analysis, 3 layers of carbon fabric 
saturated with epoxy were required on the 
lower 20 feet of the pole. Only 2 layers were 
required between 20 and 35 feet. Elevations 
above 35 feet required no strengthening. The 
sudden change in capacity of the retrofitted 
pole at these elevations, shown in Figure I, is 
due to the change in the number of layers of 
carbon fabric. For confinement, and to elimi
nate any interference with me antennae signals, 
2-foot wide bands of a unidirectional glass
fabric saturated with epoxy were wrapped in
me hoop direction over all of the carbon fabric
for elevations O to 35 feet (Figure 3) .

The additional tensile reinforcement 
resulted in the concrete in the walls of the 
pole co exceed acceptable compression limits. 
Therefore, the pole wall thickness had to be 
increased by 1.5 inches between elevations of 
5 to 3 5 feet to achieve the allowable compres
sive stresses. Placing a 1.5-inch thick concrete 
over the tapering pole presented a challen g 
ing construction issue. Use of prefabricated 
steel or wood formwork would have added 
significant cost co the project. 
A special FRP laminate \Vas developed during 

two decades of R&D that offered an eco
non1ical solution for this problem. PileMedic• 
larninaces are made by saturating rolls of fabric 
with resin and running mem through a special 
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Figure 3. Carbon and glass FRP fabric applied to 
the lower 35 feet of the pole. 

press that applies heat and pressure, resulting 
in 4-foot wide rolls with a thickness as little as 
0.01 inch. 1l1e relatively large width and small 
thickness of the laminates make their manu
facturing unique and challenging. 1l1e thin 
laminates can be easily cut (Figure 4, page 24) 
and wrapped around a colurnn of ar1y shape or 
size, in the field, to create a stay-in-place form 
that can be filled with grout or resin. 

continued on next page 
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