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I. Review select ACI CODE-562 and ACI CODE-440.13 requirements for FRP systems.
II. Understand the importance and limitations of manufacturer’s test data.
III. Examine the potential impact of nonstructural systems on structural elements.
IV. Explain the coordination process that led to the repair solution that was ultimately 

installed.
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• Post-tensioned structure
• US East coast
• Non-seismic zone
• Required strengthening during construction
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FIBER REINFORCED POLYMER 
(FRP) SYSTEMS
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Composite material comprising a polymer 
matrix reinforced with fibers in the form of 
fabric, mat, strands, or any other fiber form



WET LAYUP APPLICATION
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Prepare 
surface

Prime 
surface

Saturate 
fibers

Apply fabric 
to surface

Apply 
thickened 
finish coat

Apply 
protective 
topcoat



FRP DESIGN CODE AND GUIDES
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EXTERNAL REINFORCEMENT
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• ACI CODE-562-21 (5.5.2a):
• 𝜙𝜙𝑅𝑅𝑛𝑛 ≥ 1.1𝐷𝐷 + 0.5𝐿𝐿 + 0.2𝑆𝑆

• ACI CODE-562-21 (5.5.2b):
• 𝜙𝜙𝑅𝑅𝑛𝑛 ≥ 1.1𝐷𝐷 + 0.75𝐿𝐿

• ACI CODE-562-21 (5.5.3):
• 𝜙𝜙𝑒𝑒𝑒𝑒𝑅𝑅𝑒𝑒𝑒𝑒 ≥ 0.9 𝑜𝑜𝑜𝑜 1.2 𝐷𝐷 + 0.5𝐿𝐿 + 0.2𝑆𝑆



FIRE-RESISTANT DESIGN
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• International Building Code
• Section 721 Prescriptive Fire Resistance
• Section 722 Calculated Fire Resistance

• Design documented in approved sources
• ASTM E119
• UL 263
• ISO 834

Table excerpted from IBC 2024



FIRE-RESISTANT DESIGN
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Figure excerpted from ACI PRC-440.10-21

• Qualified fire  protection systems based 
on te sting

• Testing suggests concre te  and stee l 
pe rformance  are  improved—not FRP



RC STRENGTH AT HIGH 
TEMPERATURES
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Images excerpted from ACI CODE-216.1-14(19)

CONCRETE AT 
SERVICE STRESSES

REINFORCEMENT
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FRP FIRE PERFORMANCE
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• FRP loses mechanical and bond 
properties under high thermal load

• FRP system likely damaged early in fire—
even with fire protection

• External reinforcement shall be  
neglected
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A STICKY SITUATION…
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HOT RUBBERIZED ASPHALT (HRA)
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• High-performing, well-proven waterproofing system for protected membrane 
applications on concrete substrates

• Blend of asphalt and rubber that creates seamless, self-healing membrane
• Requires heated application 

Assembly:
- 90 mil HRA
- Reinforcing fabric
- 125 mil HRA
- Protection course
- Acoustic mat
- Topping slab



HRA – FRP INTERACTION
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• Epoxy used for bonding FRP is heat sensitive
• Glass transition temp between 140-180 deg F

• HRA is heated on site to 350-375 deg F
• Variable change in T between melter and surface FRP GLASS TRANSITION TEMPERATURE

HRA APPLICATION TEMPERATURE



…AND A COMPLICATED 
CONVERSATION
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• Original project team sensitive to delays 
in construction schedule

• Direct HRA application to FRP not 
warrantable

• Waterproofing manufacturer stated they 
had previously-tested assemblies to 
consider



REPAIR OPTION 1
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• Avoid applying heat to FRP
• Preferred option by the FRP 

manufacturer and the repair team



REPAIR OPTION 2
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• Sheet-applied asphaltic membrane heat 
sink

• Reported testing limited temperatures to 
180 degrees F

• Preferred option by waterproofing 
manufacturer and installer



…AND MORE COMPLICATED 
CONVERSATION
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• Now what about the waterproofing warranty?
• Concern over epoxy/FRP below cold-applied product

• Long lines of communication and multiple interests
• Brought all parties together to discuss path forward



WHAT WAS INSTALLED
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Reinforcing Fabric

Reinforcing Fabric

HRA Membrane

HRA Membrane Cold Fluid Membrane

Cold Fluid Membrane

Protection Course



WHAT WAS INSTALLED
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• Required enhanced trade 
coordination

• Resequencing of typical 
operations to avoid potential 
rework



CONCLUSIONS
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• Unconventional design scenario 
may occur outside of normal 
load combinations

• Repair in new design may be 
small in scope but can have 
broad coordination impacts

• Test limitations may be 
institutional knowledge but not 
well publicized



Live Content Slide
When playing as a slideshow, this slide will display live content

Poll: The key temperature for the FRP design in this 
case study was:
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I. Review select ACI CODE-562 and ACI CODE-440.13 requirements for FRP systems.
II. Understand the importance and limitations of manufacturer’s test data.
III. Examine the potential impact of nonstructural systems on structural elements.
IV. Explain the coordination process that led to the repair solution that was ultimately 

installed.
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ANY QUESTIONS?
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