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Motivation
Surfside, Miami, Florida. June 28, 2021
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Source: Internet
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Fiber Reinforced Polymer (FRP) Composites
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Fiberglass drawing

Woven fiber glass textile

Rovings
Source: Internet



6Infrastructure Rehabilitation with Innovative Fiber Reinforced Polymer Composites

Airbus A350

53% fiber reinforced 

composites

Boeing 787

50% fiber reinforced composites
Source: Internet
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Fiber Reinforced Polymer (FRP) Composites
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Open Molding

Pultrusion

Vacuum infusion

Spray up

Hand layup

Closed Molding

Source: Internet
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Aberfeldy Footbridge - World’s first major advanced composite footbridge

Source: Internet
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Kentucky Footbridge

Source: Internet
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FRP Pedestrian Bridge in Virginia
Source: Internet
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Nanomodified Resins for FRP Enhancement
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Resin types

Polyester

Epoxy

Vinyl Ester

Phenolic

Polyurethane

Fiber types

Glass Fibers

Carbon Fibers

Aramid Fibers (Kevlar)

Basalt Fibers

Source: Internet
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Carbon Nanotubes

Genedy, M., Daghash, S., Soliman, E., & Taha, M. M. R. (2015). Improving fatigue performance of GFRP composite using carbon nanotubes. Fibers, 3(1), 13-29.
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Carbon Nanotubes in FRP Pultrusion

Vemuganti, S., Chennareddy, R., Riad, A., & Taha, M. M. R. (2020). Pultruded GFRP Reinforcing Bars Using Nanomodified 

Vinyl Ester. Materials, 13(24), 5710.
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Carbon Nanotubes in FRP Pultrusion

SEMVemuganti, S., Chennareddy, R., Riad, A., & Taha, M. M. R. (2020). Pultruded GFRP Reinforcing Bars Using Nanomodified 

Vinyl Ester. Materials, 13(24), 5710.
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Carbon Nanotubes in FRP Pultrusion

Rheological Studies

Vemuganti, S., Chennareddy, R., Riad, A., & Taha, M. M. R. (2020). Pultruded GFRP Reinforcing Bars Using Nanomodified 

Vinyl Ester. Materials, 13(24), 5710.
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Carbon Nanotubes in FRP Pultrusion

Vemuganti, S., Chennareddy, R., Riad, A., & Taha, M. M. R. (2020). Pultruded GFRP Reinforcing Bars Using Nanomodified 

Vinyl Ester. Materials, 13(24), 5710.
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Improving mechanical properties of pultruded FRP

ASTM D4475
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Improving mechanical properties of pultruded FRP

ASTM D7205
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Improving mechanical properties of pultruded FRP

Vemuganti, S., Chennareddy, R., Riad, A., & Taha, M. M. R. (2020). Pultruded GFRP Reinforcing Bars Using Nanomodified 

Vinyl Ester. Materials, 13(24), 5710.
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Nanomodified Pultruded Sections
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Enhanced nanomodification through calendaring
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Enhanced imaging and mapping 
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FRP for externally bonded rehabilitation
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Strengthening Reinforced Concrete structures
“ACI-440 2R-08”

Chennareddy, R., & Taha, M. M. R. (2017). Effect of combining near-surface-mounted and U-wrap fiber-reinforced polymer strengthening techniques on behavior of reinforced concrete 

beams. ACI Structural Journal, 114(3), 719.
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Strengthening Reinforced Concrete structures

Chennareddy, R., & Taha, M. M. R. (2017). Effect of combining near-surface-mounted and U-wrap fiber-reinforced polymer strengthening techniques on behavior of reinforced concrete 

beams. ACI Structural Journal, 114(3), 719.
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FRP for culvert rehabilitation
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Retrofit and rehabilitation of existing corroded culverts

Chennareddy, R. (2019). Retrofit of Corroded Metal Culverts Using GFRP Slip-Liner (Doctoral dissertation, The University of New Mexico).
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Retrofit and rehabilitation of existing corroded culverts

Chennareddy, R. (2019). Retrofit of Corroded Metal Culverts Using GFRP Slip-Liner (Doctoral dissertation, The University of New Mexico).
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Retrofit and rehabilitation of existing corroded culverts

Assumed service life

Chennareddy, R. (2019). Retrofit of Corroded Metal Culverts Using GFRP Slip-Liner (Doctoral dissertation, The University of New Mexico).
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FRP for extreme weather conditions
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UV degradation

GFRP – No Nanomodification

No change in color of the samples showing 

no UV degradation

Significant change in color showing UV 

degradation!

1.0wt.% of MWCNTs!

UV causes a relatively high degradation to FRP

Chennareddy, R., Tuwair, H., Kandil, U. F., ElGawady, M., & Taha, M. R. (2019). UV-resistant GFRP composite using carbon nanotubes. Construction and Building Materials, 220, 679-689.
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Carbon Nanotubes on strength improvements
Chennareddy, R., Tuwair, H., Kandil, U. F., ElGawady, M., & Taha, M. R. (2019). UV-resistant GFRP composite using carbon nanotubes. Construction and Building Materials, 220, 679-689.
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Carbon Nanotubes on bond disassociation 

0wt.% UE 0wt.% UV 0wt.% UV 

(magnified) 

1.0wt.% UE 1.0wt.% UV 

SEM

Chennareddy, R., Tuwair, H., Kandil, U. F., ElGawady, M., & Taha, M. R. (2019). UV-resistant GFRP composite using carbon nanotubes. Construction and Building Materials, 220, 679-689.
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Freeze-thaw conditions
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Freeze-thaw conditions

Shi, Jia-Wei, Hong Zhu, Gang Wu, and Zhi-Shen Wu. "Tensile behavior of FRP and hybrid FRP sheets in freeze–thaw cycling environments." Composites Part B: Engineering 60 (2014): 239-247.
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Freeze-thaw conditions

Vemuganti, S., Chennareddy, R., Riad, A., & Taha, M. M. R. (2020). Pultruded GFRP Reinforcing Bars Using Nanomodified 

Vinyl Ester. Materials, 13(24), 5710.
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Ductile FRP through 3D printing
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3D printed FRP Composites

Vemuganti, S., Soliman, E., & Reda Taha, M. (2020). 3D-printed pseudo ductile fiber-reinforced polymer (FRP) composite 

using discrete fiber orientations. Fibers, 8(9), 53.
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Anisotropic FRP
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Anisotropic FRP
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3D printed FRP Composites

Continuous Filament Fabrication (CFF)
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3D printed FRP Composites

Parameters Units
Fiber Orientation

±12° ±12°& ±24° ±24° ±24° & ±30°

Area of 1 layer mm2 1.5 1.5 1.5 1.5

No. of layers 8 8 16 16

Load sharing (initial) % 27% 21% 29% 24%

Load sharing (peak) % 31% 21% 27% 21%

COV = 14%

COV = 18%
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3D printed FRP Composites

±30°±12° ±24°

New FRP with 

Progressive sequential Drops

Pultruded GFRP

with Brittle failure

Steel 

Ductile

+71%

-95%
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Ductile 3D printed FRP reinforcement
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Alternative bond in 3D printed FRP

(1) fiber pull out 

(2) fiber bridging 

(3) fiber matrix debonding 

(4) fiber failure

(5) matrix cracking
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Alternative bond in 3D printed FRP
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Thermal blocks in 3D printed FRP

Strong 

interface

Weak

interface
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