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Presentation prep

• I am not on the ASCE 74 committee

• I was asked by ACMA to present on ASCE 74 objectively from an AEC
professional’s perspective

• I’m not here to technically inform so much as to build confidence in codes
and standards bases, and identify major future needs



Baekland
synthetized the 
first composite 

plastic: 
Bakelite

1907

1930s

FRP began to 
be used for 

commercial
applications

1935

Founding of 
Owens-

Corning and 
“Fiberglas” 

patenting

1937

The first FRP 
boat and first 
FRP airplane 

were fabricated

1944

Watson
patented the 

first 
pultrusion-

type process

1950s

First production 
of Carbon
fibers and 

aramid fibers

1970s

Production of 
larger load-

bearing 
pultruded FRP 
profiles began

First structural
applications of 
pultruded FRP 
profiles in EMI
test laboratory 

buildings

1973

Hart-Smith
published an 

extensive 
report on 

pultruded FRP 
connections 

limit states for 
aeronautical 
applications

1980s

A new 
pultruded FRP 

system for 
cooling 

towers was 
developed

1990s

Extensive 
research on 

pultruded FRP
performance 
for structural
applications 

was conducted1992
Rosner

published 
extensive 

research on 
pultruded FRP 

connection 
limit states for 

structural 
applications

2010

The ASCE pre-
standard for 

LRFD design of 
pultruded FRP
was published

2016

The pre-Eurocode
for design of 

pultruded FRP was 
published

2023 ?

ASCE standard 
for LRFD design 

of pultruded 
FRP (ASCE 74) 
to be published?



Pedestrian 
Bridges

Cooling 
Towers

Interventions 
on the Existing

Utility and Access 
Platforms

Buildings

130 ft pedestrian and 
cycle bridge in Kolding, 

Denmark (1997). 
Inspected 15 years after

installation with no 
damage reported.

130 ft pedestrian and 
cycle bridge in 

Svendborg, Denmark 
(2009). Installed in 2 

hours.

135 ft pedestrian in 
Moscow, Russia (2004). 

Longest span: 50 ft. 
Installed in 49 minutes.

Cooling tower in Hamm 
Uentrop, Germany (2005). 

More than 100 tons of 
pultruded FRP used.

Cooling tower in Salavat, 
Russia (2007). More than 

100 tons of pultruded 
FRP used.

Cooling tower in 
Hellisheidi, Iceland 

(2008). More than 100 
tons of pultruded FRP 

used.

1,300 ft long walkway in 
the de-Arrikrutz cave in 

Oñati, Spain (2007).

Renovation of a sewage 
plant in Copenaghen, 

Danmark (2008). 13,000 
sq ft of pultruded FRP 

covering.

Roof replacement of the S. 
Maria Paganica church

after the L’Aquila 
earthquake in L’Aquila, 

Italy (2010).

Helipad in pultruded FRP 
in France. Design for 

rapid construction and 
fire protection.

Multilevel platform in 
Santa Clara, California, 
US (2021). One of the 
largest pultruded FRP 

structures in area of high 
seismicity.

50 ft tall 5-story building 
in Basilea, Germany 

(1999). Footprint: 1,300 
sq ft.

Novantis Campus 
entrance building in 
Switzerland (2006). 

Footprint: 4,300 sq ft. 

Cathedral of Creteil in 
France (2014). Footprint: 
3,800 sq ft. and 5,800 ft
of pultruded FRP tubes 

used.

Boardwalk in St. Mary’s 
Lake at Notre Dame, 
Indiana, US (2022). 
Design for 100-year 

service life.



Relevant codes, standards, and guidelines
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IBC Chapter 26: Plastics

• References NFPA, UL, and ASTM standards for flame spread, smoke, etc.
• References ANSI 100 for wind pressures on cladding



• Again, mostly references flame spread and cladding performance

IBC Section 2613: FRP



Since we’re on the topic of fire…

• Question from Oregon-based AHJ just last week:

• With the building being of Type II-B construction, please provide
documentation verifying the FRP structural materials/elements meet the
requirements for non-combustibility per OSSC 703.5 [“non-combustible”
and have a flame spread index of 50 max]. Please note looking for testing of
the FRP under ASTM E136 to meet the non-combustible criteria



Current standards for loads, capacities, and details



Other referenced capacities standards & guides



Specifications
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http://www.fibertech.net/pdf-files/06610FR.pdf



Bolted connections and limit states
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ASCE 74 Chapter 8: Design of Bolted Connections
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• Ductility of steel connections moot
because plasticity of steel connections
unlikely to occur prior to FRP fracture

• Therefore, steel only used in skewed
connections and when required for high
demand scenarios

• Three FRP connection scenarios are
prominent in our projects:

• WT-shape connections for braces
(lower loads)

• Gusset plate connections for braces
(higher loads)

• Double angle connections for beams

Types of FRP connections
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Bolted FRP connections: Limit states

• Tension and shear strength of the 
bolts

• Tension (through-the-thickness) 
strength

• Pin-bearing strength
• Net tension strength at first bolt 

row
• Shear-out strength
• Block shear strength
• Prying of the connection

Guidance in 
ASCE 74

No guidance in 
ASCE 74

Pre-Standard for pultruded FRP 

design  – Figure C8.3



Major differences between the Pre-
Standard and ASCE 74
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Seismic Design Coefficients
New to ASCE 74

Seismic design 
coefficient per 
material and 

structural 
system

Generic 
FRP

Multi-tier 
braced FRP 

frame

Steel ordinary 
concentrically 
braced frames

Steel special 
concentrically 
braced frames

Response 
modification 
coefficient, R

1.00 1.50 3.25 6.00

Deflection 
amplification 

factor, Cd

1.00 1.50 3.25 5.00

Overstrength 
factor, Ω0

1.50 1.50 2.00 2.00

Base shear decrease

Component demand increase



• Testing laboratory 
accredited per ISO/IEC 
17025

• Material properties (e.g., 
pin-bearing strength) to be 
tested potentially for any 
new application

• Moisture factors decrease 
for both vinyl ester and 
polyester, and no 
difference between the two

• Testing laboratory 
approved by the Engineer 
of Record

• Minimum material 
properties specified for all 
cases

• Vinyl ester considered 
more resistant against 
moisture



• Member strength 
equations generally more 
simple and more 
conservative

• Net tension strength 
equation significantly 
simplified in a conservative 
manner

• φ -factors are generally 
equal to or lower than the 
Pre-Standard (with limited 
exceptions)

• Conservative but 
sometimes complex 
member strength 
equations

• Connection limit state 
equations generally more 
complex although more 
“accurate”

• φ-factors calibrated for the 
limited amount of available 
test data and for the brittle 
behavior of pultruded FRP



Recommended industry needs for future 
versions of ASCE 74
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• Tests for prying effects on FRP 

connections

• Tests for inelastic behavior of pultruded 

FRP framing

• FEMA P-695 analyses to establish 

(less conservative?) seismic design 

coefficients (i.e., R, Cd, and Ω0)
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Prying Effects on FRP

Most beams are also part of the lateral
load resisting system; therefore, large
axial loads and connection prying
often governs

No prying action guidance in ASCE 74

Concern is bending rupture of a leg of
the FRP connection.The image is of steel clips. The mechanism

for FRP would be similar but with less

deformation prior to fracture.

Tensile force
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Moment-Resisting Connections

Need for moment
resisting connections to
avoid interferences
(i.e., clashes).

Need for formalized
design and testing
guidance; ultimately
equations for stiffness
and strength based on
pre-qualified
connections
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Continuous Material Strength Function
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THANK YOU!
Questions?

North American Pultrusion Conference 2023

Contact:
Kevin Q. Walsh @ Notre Dame kwalsh8@nd.edu
Kevin Q. Walsh @ Frost Eng. kwalsh@frosteng.net
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