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Outline

1. Composite materials and manufacturing 
processes

2. Features and benefits of composite materials 
3. Codes, standards, and specifications
4. Material performance and sustainability
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Learning Objectives

1. Fundamental understanding of composite 
materials and manufacturing processes

2. Features and benefits of composite materials 
focusing on key performance qualities related to 
safety, radio transparency, contribution LEED 
points, and fire resistance.

3. Why composite materials should be considered in 
architectural applications that cover cost versus 
performance, and sustainability benefits of 
designing with composites

4. Overview of regulations and specifications to be 
considered when using composites in architectural 
structures
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Source: Compositeslab.com



Focus: Construction and Infrastructure

Aerospace
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Composite materials and manufacturing processes

What material are we even talking about?



Composite materials

• The word “composites” represents the mixture of two or more materials
• To many structural engineers, steel beams or joists + welded studs into concrete = “composite”
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https://structville.com/2020/07/design-of-profiled-metal-deck-composite-slabs.html
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Composite materials

• In this presentation, we are referring to fiber reinforced polymer (FRP) composites
• Have been used in commercial applications in a variety of markets for over a century

• In buildings, bridges, and other structures, FRP composites have most prominently been used as…
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https://www.tuf-bar.com/products/tuf-bar/

Reinforcing in concrete

Retrofit wrap of concrete elements

Sika - https://www.youtube.com/watch?v=fZJ_n-3UtTs

Handrail and grating at wastewater 
treatment plants and for other small 

utility or pedestrian accessways

https://www.strongwell.com/news/why-use-fiberglass-for-wastewater-treatment-grating/



Composite materials

• In this presentation, we are referring to fiber reinforced polymer (FRP) composites
• Have been used in commercial applications in a variety of markets for over a century

• In buildings, bridges, and other structures, FRP composites have most prominently been used as…
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Architectural facades and other features

http://www.bfgarchitecture.com/bfg-projects-gallery
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Constituent Materials – Overview
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Polymer Resin + Reinforcement + Core + Performance Additives + Coating = FRP



Constituent Materials – Resin
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Thermoplastics

• Polyethylene

• Nylon

• Polyamide

• PEI

• PEEK

Thermosets

• Polyester

• Vinyl Ester

• Epoxy

• Urethanes

• Phenolics



Constituent Materials – Fiber Reinforcements
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Types

• Glass
• E-glass

• E-CR glass

• S-glass

• H-glass

• AR glass

• Carbon
• Varying moduli

• Aramid

• Basalt

• Thermoplastics



Constituent Materials – Fiber Reinforcements
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Roving Mat and Veil
Woven, Stitched, Braided, 3D Fabric

Unidirectional Prepreg
Milled or Chopped



Constituent Materials – Core, Fillers, and Additives
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Core

• Balsa

• Honeycomb

• Foam

Fillers and Additives

• Process control – shrinkage, viscosity, durability

• Fire resistance / behavior

• Improved part economy

• Improved mechanical strength



Constituent Materials – Surface Treatments
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Gel Coats and Paints

• Barrier layer, typically for 
environmental conditions

• Aesthetic cosmetic surface finish

• Sheen or gloss

Other Coatings

• Flame / smoke control via intumescent

• Abrasion control via high hardness flake 
or filler additives (glass, silica carbide, 
sand)



Manufacturing Processes
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• Right constituents

• Right production rate

• Right tooling

• Right economy
https://www.youtube.com/watch?v=SeqDm9l3yEM



Manufacturing Processes

Spray Up
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Hand Lay Up



Manufacturing Processes

Filament Winding
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Wet Lay-Up Vacuum Bagging



Manufacturing Processes

Prepreg Vacuum Bagging
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Closed Molding Processing



Manufacturing Processes

Vacuum Infusion Processing
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Resin Transfer Molding



Manufacturing Processes

Compression Molding
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Manufacturing Processes
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Pultrusion Processing



Features and benefits of composite materials

Why would I specify FRP and to what precedents can I point?



• 1/5 – 1/3 the weight of steel
• Install ease and savings on supporting foundations, etc.

• Increasingly competitive lead times
• Accelerated production/fabrication/delivery versus steel

• ~30% installation savings over steel (pultruded)
• Installed by carpenters instead of ironworkers

• Reduced need for overhead lift equipment

• Fully corrosion resistant (i.e., versus salt-water, 
chlorine, etc.)

• Non-conductive (i.e., virtually no RF interference)

Benefits of FRP in Construction



Industrial Facilities
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Hoerr Schaudt

FRP Reinforcing in Concrete & Pultruded FRP

Buried pile-supported mat foundation 
Representative image from: 

https://www.diytrade.com/china/pd/11145821/FRP_GRP_Rebars_Used_in_Constructuion_Foundation.html

Pultruded FRP framing and grating
Representative image



FRP Strengthening of Concrete

Concrete column reinforcement wrap
Representative image from: https://www.structuremag.org/?p=8643

717 S Wells, Chicago, IL

Constructed 1923
Slab reinforcement strips

Representative image from: 
https://fcsconcreterepairs.com.au/category/carbon-fibre-reinforced-polymer/



Industrial Facilities
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 Engineer-led development

 FRP sub for Stainless steel 

 15-20% cost savings

 High production process 
temperature conditions

 Design overload condition

 Moderate seismic demands

 Accelerated install: 1 day

Industrial Facilities: Case study
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Mission Critical: Data centers
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Mission Critical: Data centers
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Mission Critical: Data centers
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Mission Critical: Data centers
Santa Clara, CA

Key Stats

 Two stories

 20+ ft tall 

 7,000 square feet

 High seismic region

 All FRP (beams, columns, braces and majority of connection 
clips)

 Extensive BIM coordination w/ clearances of 1/8 inch

 Largest freestanding FRP structure to our knowledge in a region 
of high seismicity (in terms of bulk weight)
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Mission Critical: Data centers
Ashburn, VA

 Onsite 8 weeks from NTP
 1/3 mile long encompassing 150,000 ft2

equipment yard
 40,000 sq ft exposed wall area

 2,500 sq ft daily install rate
 24 ft  average exposed height
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 ½ mile long encompassing much 
of the 55-acre site

 Sound attenuation for nearby 
residential properties
 Noise absorption coefficient 

(NRC) 1.05
 Sound transmission class 

(STC) 35

 26 ft exposed height

Mission Critical: Data centers
Phoenix, AZ
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Structures exposed to water
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DoD
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 Corrosive environment

 Design complete: 2-1/2 weeks from NTP

 14 ft  average exposed height

 Shop-built vertical bents for ease of 
install

FRP Buildings
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 Non-conductive building

 Fully corrosion resistant

 100% FRP including beams, 
columns, braces & fasteners

 30 ft tall w/ 22 ft clear height

 50 ft clear span FRP trusses

 Vertical brace towers w/ direct 
W8 to W10 brace to column 
connections

FRP Buildings
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Codes, standards, and specifications

By what industry basis can I confidently specify FRP on my project?



FRP in IBC Chapter 26: Plastic
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• The International Code Council began recognizing 
FRP Composites broadly in 2009 issuance of the 
International Building Code

• FRP components require third-party labeling

• Specific tests required for multi-story use, radiant 
heat, flame spread, and smoke development

FRP has been successfully deployed on transit 
vehicles, within aircraft interiors, in occupied 
underground spaces, and throughout building shells 
and interior finishes.  

Flame, smoke, and toxicity requirements can readily 
be achieved through appropriate specification and 
design.



ASCE Standards and Guides exist…

40ACMA Composites Technology Day



And industry design manuals…
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https://www.strongwell.com/tools/design-manual/
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As well as ANSI, ACI, ASTM, and Eurocode 
standards and guidelines…
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There is a relevant Masterspec section… 
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Forthcoming Masterspec sections…

• 06 70 XX Pultruded Structural Composite 
Fabrications

• 06 74 XX FRP Composite Grating

• 06 81 XX FRP Composite Guardrail

See also…

• ANSI/ACMA Code of Standard Practice for 
Fabrication and Installation of Pultruded FRP 
Structures



And we have developed plan notes for spec and inspections…
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Material performance and sustainability

How should I expect the material to perform?



46https://afzir.com/en/frp-tests/ https://afzir.com/en/frp-tests/
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48http://wiki.dtonline.org/index.php/Beam_Deflection



FRP is flexible relative to steel
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Initial Top of 
Beam Elevation
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Section property and capacity tables
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What it’s like designing FRP connections
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Connections (and bracing)… govern design
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Connections (and bracing)… govern design
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Adhesives… the FRP counterpart to welding
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https://exelcomposites.com/guide-to-composites/fabrication-methods/
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Sustainability benefits of FRP
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“The construction industry consumes more 
resources taken from the earth (up to 50%) than any 
other industry.  The construction, operation, and 
subsequent demolition of all built facilities accounts 
for 40-45% of the global energy use.”

Compared to conventional materials, FRP enables…

• Lighter system designs 

• Longer service life

• Lower transportation costs

• Production from readily available raw constituent 
materials like silica

• Material embodied energy in GFRP is similar to 
other construction materials

• Recyclability at end of life
Source: Composites UK (2016) “Environmental Impact and Embodied Energy”

Third Party Cradle-to-Gate Life Cycle Analysis
Steel vs. Pultruded Channel

Source: “A Life Cycle Assessment Approach in Examining Composite Raw 
Materials, Steel and Aluminum Materials Used in the Manufacturing of 
Structural Components” (2009)



Conclusions

1. Benefits of using FRP extend beyond historically acknowledged benefits of corrosion-resistance
1. FRP is progressively becoming the faster and less expensive material solution for a wider range of projects

2. Can be used in “hybrid” frames with steel and other materials as needed for faster install times

2. Industry standards support the specification of FRP with a high level of reliability

3. Life-cycle performance of FRP makes it a sustainable product spec in many scenarios

4. Design team needs to emphasize importance of detailing (i.e., interfaces and connections) for 
structural FRP at early stages of project
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Contact us!

Brad Doudican, Ph.D., P.E.
Frost Engineering & Consulting

bdoudican@frosteng.net

Kevin Q. Walsh, Ph.D., P.E.
Frost Engineering & Consulting

University of Notre Dame
kwalsh@frosteng.net
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