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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 Source: Compositeslab.com
structures
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Focus: Construction and Infrastructure
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Automotive Pipe & Tank Transportation

Sports and Rec

Source: Compositeslab.com




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”

https://structville.com/2020/07/design-of-profiled-metal-deck-composite-slabs.html




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...

Reinforcing in concrete

Retrofit wrap of concrete elements

Handrail and grating at wastewater
treatment plants and for other small
utility or pedestrian accessways

e T - s
https://www.tuf-bar.com/products/tuf-bar/ S S it o

why-use-fiberglass-for-wastewater-treatm



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...

Architectural facades and other features _ . — i Guidelines and Recommended Practices for
S Sy 2 Fiber-Reinforced-Polymer (FRP)
Architectural Products




Constituent Materials — Overview

Technology Day




Constituent Materials — Resin

Thermoplastics

* Polyethylene
* Nylon

Polyamide
* PEI
PEEK

Thermosets

* Polyester

Vinyl Ester
* Epoxy

Urethanes

Phenolics




Constituent Materials — Fiber Reinforcements

Types
* Glass * Carbon
* E-glass e Varying moduli
* E-CRglass e Aramid
" Sglass * Basalt
* H-glass

Thermoplastics
* AR glass




Mat and Veil

Prepreg
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Constituent Materials — Core, Fillers, and Additives

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

Gel Coats and Paints Other Coatings

* Barrier layer, typically for * Flame / smoke control via intumescent
environmental conditions « Abrasion control via high hardness flake

* Aesthetic cosmetic surface finish or filler additives (glass, silica carbide,

sand)

e Sheen or gloss
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Manufacturing Processes

* Right constituents
* Right production rate
* Right tooling

* Right economy




Manufacturing Processes

Hand Lay Up




Manufacturing Processes

Vacuum




Manufacturing Processes




Manufacturing Processes

Resin Injection Unit

Resin

Vacuum Vacuum

Vacuum Infusion Processing Resin Transfer Molding




Manufacturing Processes

(CGomposites




Manufacturing Processes

_ CFM Creels

Roving Racks . .
_ Continuous Filament Mat (CFM)

Guide Plates
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Features and benefits of composite materials

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




Benefits of FRP in Construction

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)




Industrial Facilities
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FRP Reinforcing in Concrete & Pultruded FRP

Representative image from:

hina/pd/11145821/FRP_GRP_Rebars_Used_in_Constructuion_Foundation.html

Pultruded FRP framing and grating
Representative image
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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: I

e —— https://fcsconcreterepairs.com.au/category/carbon-fibre-reinforced-polymer/ - -
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Industrial Facilities: Case study

v’ Engineer-led development
v FRP sub for Stainless steel
v 15-20% cost savings

v’ High production process
temperature conditions

v" Design overload condition

v' Moderate seismic demands

v’ Accelerated install: 1 day

- ACMA Composites Techno
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Mission Critical: Data centers

- ACMA Composites Technology Day




Mission Critical: Data centers




Mission Critical: Data centers |
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Mission Critical: Data centers
Santa Clara, CA

Key Stats

v" Two stories

A\

f1 . v 20+ fttall

v 7,000 square feet

v" High seismic region

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

v" Extensive BIM coordination w/ clearances of 1/8 inch

v’ Largest freestanding FRP structure to our knowledge in a region
of high seismicity (in terms of bulk weight)

- ACMA Composites Technology Day —
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Mission Critical: Data centers
Ashburn, VA

e

v Onsite 8 weeks from NTP

v" 1/3 mile long encompassing 150,000 ft2
equipment yard

v' 40,000 sq ft exposed wall area

v 2,500 sq ft daily install rate
v’ 24 ft average exposed height




Mission Critical: Data centers
Phoenix, AZ

v % mile long encompassing much
of the 55-acre site

v Sound attenuation for nearby
residential properties
v Noise absorption coefficient
(NRC) 1.05
v Sound transmission class
(STC) 35

v’ 26 ft exposed height

- :ﬁAGMA_CQmpgjite§_T:e4;hnolo§¥ Day




Structures exposed to water

- . Technolo Day Hoerr Schaudt




FRP Buildings

s

ST

v’ Corrosive environment
v’ Design complete: 2-1/2 weeks from NTP
v’ 14 ft average exposed height

v’ Shop-built vertical bents for ease of
install




FRP Buildings

conductive building

v Non

columns, braces & fasteners
W8 to W10 brace to column

v’ Vertical brace towers w/ direct
connections
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v" Fully corrosion resistant
v' 100% FRP including beams,
v’ 50 ft clear span FRP trusses
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Codes, standards, and specifications

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




FRP in IBC Chapter 26: Plastic

* 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.
INTERMNATIOMNAL

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

- ACMA Composites Technology Day




ASCE Standards and Guides exist...

Pre-Standard for

Load & Resistance Factor
Design (LRFD) of Pultruded
Fiber Reinforced Polymer (FRP)
Structures

(Final)

Submitted to:
American Composites Manufacturers
Association (ACMA)

November 9, 2010

ASCE

T
)

ASCE Manuals and Reports on Engineering Practice No. 63

Structural Plastics
Design
Manual

Prepared by the
Task Committee on Design

of the
Structural Plastics Research Council

 published by the
can Society of Civil Enginecrs

345 East 47th Street
New York 10017-2398
o

Guidelines and Recommended Practices for

Fiber-Reinforced-Polymer (FRP)
Architectural Products

Published by

0
©

Ao Cowpusis MuRRGRAS ASSOGNGH

- ACMA Composites Technology Day
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Design Guide for
FRP Composite
Connections

ASCE Manuals and Reports on
Engineering Practice No. 102

Ayman 3. Mosallam, l_’h.D‘. PE.

CONSTRUCTION
STITUTE




And industry design manuals...

The“Pultex® Pultrusion
Design Manual

of Standard and Custom Fiber Reinforced Polymer Structural Profiles

DESIGN
MANUAL

TABLE OF CONTENTS

Imperial Version
Volume 5-Revision 8

EXTREN?® and Other Proprietary
Pultruded Products

EXTREN® Standard Structural Shapes and Plate
*FIBREBOLT® Studs and Nuts

*DURADEK®, DURAGRID® and DURAGRID® Phenolic
Fiberglass Grating

*DURASHIELD® Building Panels

Featuring
» Pultex® Standard
Structural Profiles

* Pultex® oSAFRAIL™ Handrail and Ladders
Frofiles *COMPOSOLITE® Fibergiass Building Panel System
*SAFPLANK® Fiberglass Plank System
*EXTREN DWB®
"’ Rod and Bar
Nuclear resr’(ovllEI‘ cnnsnttﬂl using ‘s'lﬂl:iﬂl Soctiens
Pultex® Standard Structural Profiles
C,EEVE LY LT s INC-
PULTRUSIONS B L e e Ero vao e aln i

Aev.0502

Creative Pultrusions, Inc. reserves the right to edit and modify literature, please consult the web site for the

most current version of this document.

https://www.strongwell.com/tools/design-manual/

- ACMA Composites Technology Day




As well as ANSI, ACI, ASTM, and Eurocode
standards and guidelines...

Reinforced
Thermoset Plastic
Corrosion-Resistant

JET—— Equipment
FRP m ite Guide for the Design and
CO pos tes Construction of Structural
Gratlng Manual Concrete Reinforced with
Fiber-Reinforced Polymer
For Pultruded and Molded (FRP) Bars

Grating and Stair Treads
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There is a relevant Masterspec section...

SECTION 068200 — FIBERGLASS REINFORCED PRODUCTS

Forthcoming Masterspec sections...

PART 1 - GENERAL

e 06 70 XX Pultruded Structural Composite

A, Drawmgs and general provisions of the Contract, including General and Supplementary Fa b rl Catl 0 n S
Conditions and Division 01 Specification Sections, apply to this Section.

12 sARY * 06 74 XX FRP Composite Grating
A Section includes fiber reinforced polymer products and fabrications. . 06 81 XX FRP Composite Guard ra”

11 RELATED DOCUMENTS

13 SCOPE OF WORK

A Furnish all labor. materials, equpment and meidentals governed by this section necessary to
install the fiber reinforced polymer (FRP) products as specified herein.

14 ACTION SUBMITTALS S
ee also...
A Shop Drawings: Show fabrication of all FRP components.
1 Include details of cuts, connections, splices, holes, and other pertinent data
2 Indicate type, size, and length of bolts, distinguishing between shop and field bolts.
3 Detail shop drawings showing:
All key dimensions

e e s i * ANSI/ACMA Code of Standard Practice for
et e e Fabrication and Installation of Pultruded FRP
Structures

an o

15 INFORMATIONAL SUBMITTALS
A Qualification Data- For Fabricator, Manufacturer and Installer.
B.  Samples of each type of product.

C. Manufacturer of structural shapes shall submit material property charactenstic test results for
both flange and web of relevant cross-section profiles via ASTM D7290 for the following
properties:

1 Lengthwise tensile modulus
2 Lengthwise tensile strength

- ACMA Composites Technology Day




And we have developed plan notes for spec and inspections...

7.0 FIBER REINFORCED POLYMER (FRF) STRUCTURAL FRAMING AR

12

13,
14.
15
16.
17.

18,
18,

A 20.

All FRP shall be supplied in accordance with the project specifications Section 'Fiber Reinforced Polymer (FRF) Products and Fabrications.”
Pultruded FRP designed by ASCE/ACMA ‘Pre-Standard for Load & Resistance Factor Design (LRFD) of Pultruded Fiber Reinforce Polymer (FRP
Structures’, 2010.

All structural framing, including wide flange, angle, and channgl cross secfions as well as flat plate, shall be comprised of pultruded FRP structural
framing as defined in this section, UN.C.

FRP shal be detailed, fabricated, and erected by an approved and certified fabricator in accordance with ANSFACMA Code of Standard Practice
‘Industry Guidelines for Fabrication and Installation of Pulfruded FRP Siructures', Latest Edition.

All pultruded FRP materials shall be Extren Series 525 by Strongwell Inc. of Bristol, Virginia, USA, or alternate equal approved by Advantic.

Holes in FRP shall be 1/16" larger diameter than nominal size of bolt used except as noted.

Any adhesive bonds shall be performed in the shop and not in the field whenever possible. Design of adhesive bonds and qualily control requirements
for fabrication shall be approved by Advantic prior to fabrication, and will require sufficient empirical testing to demonstrate with stafistical significance
bond line capacity in a comparable fabrication and use scenario.

Manufacturer shall have a minimum of five years' experience in the manufaciure of composite products, with proven ability and wha is regularly
engaged in the manufacture, fabrication, and installation of FRP composite systems.

Substitution of any component or modification of system shall be made only when approved by Advaniic.

. Contractor shall warrant FRP composites product to be free from defects due to materials and workmanship for one year.
. All structural assemblies shall be comprised of FRP composites fabricated by contact molded or pultruded processes to produce uniform, smooth

surfaces. All surfaces shall be smooth, resin rich, free of voids and porosity, without dry spots, crazes, or unreinforced areas. All cut or machined
edges shall be resin sealed
Structural profiles shall provide continuous synthetic polyester surface veil to prevent glass print through, provide additional UV, abrasion, and
corosion protection, and uliimate Class A finish.
Resin shall be a corrosior-resistant unsaturated polyester.
Fillers and additives shall be as required to achieve color or thixotrapic, UV, or fire-retardant performance only.
Fiber Type: E or E-CR glass fiber.
Glass Content (Fiber Volume Fraction): Minimum 60%.
FRP composites and system assemblies shal achieve the following:

a Flame spread rating of less than 25 per ASTM E-84.

b.  Flammability characteristics of UL 94 V(.

c. Seli-extinguishing requirements of ASTM D-635.
Comply with FRP composites manufacturer's recommendations and instructions for protecting installed products during construction activities.
Supply and fabrication of FRP structural framing shall be by:

a Advantic LLC; Dayton, Ohio (937) 490-4712 info@advanticlic.com
All bolts for FRP structural framing shall be ASTM A307 (for 3/8" @ bolts) or A325 (for all other bolt diameters), U.N.C. All Bolts shall be accompanied
by washers in accordance with ASTM A436.

INSPECTIONS, QUALITY ASSURANCE. VERIFICATIONS. AND TEST REQUIREMENTS

INSPECTIONS: Foundations, footings, under slab systems and framing are subject to inspection by the

Building Official in accordance with IBC 2018. Contractor shall coordinate all required inspections with the
Building Official.

SPECIAL INSPECTIONS, VERIFICATIONS, and TESTS: Special inspections, Verifications and Testing shall

be done in accordance with IBC Chapter 17 and the STATEMENT OF SPECIAL INSPECTIONS herein per
IBC Sections 1704 and 1705, including 1705.11 and 1705.12 for seismic resistance for projects in Seismic
Design Categories C, D, E, and F as applicable.

SPECIAL INSPECTION AGENCY and SPECIAL INSPECTORS: Owner shall retain and ‘approved agency”

per IBC 1703 to provide Special Inspections for the project. Special Inspectors shall be qualified persons per
IBC 1704.2.1.
STATEMENT OF SPECIAL INSPECTIONS. Special Inspections and Testing per IBC Sections 1704 and 1705

are required for the following:

FABRICATION SHOP INSPECTION: Where ofi-site Fabrication of gravity LOAD BEARING MEMBERS &
ASSEMBLIES is performed, Special Inspector shall verify that the fabricator complies with IBC 1704.2.5
which includes the following:

+  Prior to the start of fabrication, Special Inspector(s), representing the Owner, shall visit the
Fabricator's shop(s) where the work is to be performed, and verifies that the Fabricator maintains
detailed Fabrication and Qualily Control procedures that provide a basis for inspection, control of
workmanship, material control, and fabricator's ability to conform to approved Consiruction
Documents and referenced Standards.

+  Fabricator shall have available for Inspector's review, detailed procedures for material control
that demonstrates the fabricator's ability to maintain suitable records and procedures such that, at
any time during the fabrication process, the material specification, grade, and applicable test
reports for primary loac-carrying members, are capable of being determined.

FIBER REINFORCED POL YMER (FRP) per ASCE/ACMA ‘Pre-Standard for Load & Resistance Factor
Design (LRFD) of Pultruded Fiber Reinforced Polymer (FRP) Structures’, 2010.

A qualified Special Inspector of an 'approved agency " providing Quality Assurance (QA) Special
Inspections for the project shall review and confirm the Fabricator and Erector's Quality Control (QC)
procedures for completeness and adequacy refative to ASCE/ACMA *Pre-Standard for Load & Resistance
Factor Design (LRFD) of Pultruded Fiber Reinforced Polymer (FRP) Structures’, 2010 Section 1.7.3, and
2012 IBC code requirements for the fabricator's scope of work.




Material performance and sustainability

How should | expect the material to perform?




Table 1.3-2(b) Minimum Required Characteristic Mechanical Properties
Table 1.3-2(a) Minimum Required Characteristic Mechanical Properties for for FRP Composite Plates
FRP Composite Shapes Load & Ressotange Factor
Vinimum L
Mini Mini Mechanical Property Minimum Requirement ASTM Test i\‘umbel' of S
s Minimum AInimuin - v
Mechanical Property . ASTM Test Method Number of Tests Method Tests
= - - - = u - Longitudinal Tensile Strength 20,000 psi D638 10
L Longitudinal Tensile Strength 30.000 psi D638 10 Transverse Tensile Strength 7.000 psi D638 0
TTASVaToe Tololle soanem R D638 10 Longitudinal Tensile Modulus 1.8 x 10°psi D638 10
Longitudinal Tensile Modulus 3x 10° psi D638 10 Transverse Tensile Modulus 0.7 x 10°psi D638 10
Transverse Tensile Modulus 0.8 x 10° psi D638 10 _ i ‘
Longitudinal Compressive Strength 24,000 psi DG6641 10 ASCE
— — - - Transverse Compressive Strength 15,500 psi D6641 10
Longitudinal Compressive Strength 30.000 psi D6641 10 Longitudinal Compressive Modulus 1.8 x 10° psi D6641 10
ongimudmal Lompressive viodulus X pst D6641 10 Transverse Compressive Modulus 1.0 x 10° psi D6641 10
Transverse Compressive Modulus 1 x 107 psi Do6641 10
Longitudinal Flexural Strength 30,000 psi D790 10
In-Plane Shear Strength 8.000 psi D5379 10 Lransverse Fle‘“"'al_ Strength 13.000 pst D790 10
7l Shear Modul 04 x 10° ot D5379 10 Longitudinal Flexural Modulus 1.6 x 10° psi D790 10
n-P ane' 1ear -v.odulus - )_( 951 - Transverse Flexural Modulus 0.9 x 10° psi D790 10
Interlaminar shear strength 3.500 psi D2344 10
In-Plane Shear Strength 6.000 psi D35379 10
Longitudinal pin-bearing strength 21.000 psi D953* 10 Iu-Plane Shear Modulus 0.4x 107 psi D3379 10
Transverse pin-bearing strength 18.000 psi D953° 10 Interlaminar shear strength 3.500 psi D2344 10
Pull-through :‘atl"ength per fastener D7332/Proc. B 10 Longitudinal pin-bearing strength 21.000 psi D953* 10
t= 3“"8_ mn 650 Ib Transverse pin-bearing strength 13.000 psi D953° 10
t='%1n 900 1b Pull-through strength per fastener D7332/Proc. B 10
t= %in 1.2501b t=3/8in 630 Ib
='in 900 Ib
. s e
Note: 1 psi=6.895 kPa: 1 Ib=4.448 N =2 in 125016
*‘Test!js shall b1e confiucted with bolt sizes and plate thicknesses stipulated in this Standard. The limitation Note: 1 psi = 6.895 kPa
of 4% on deformation shall not apply. “Tests shall be conducted with bolt sizes and plate thicknesses stipulated in this Standard. The limitation

of 4% on deformation shall not apply.

~https://afzir.com/en/frp-tests/ https://afzir.com/en/frp-tests/




Table 1.3-2(b) Minimum Required Characteristic Mechanical Properties

Table 1.3-2(a) Minimum Required Characteristic Mechanical Properties for for FRP Composite Plates
FRP Composite Shapes Load & Ressotange Factor
Vinimum L
Mini Mini Mechanical Property Minimum Requirement ASTM Test i\‘umbel' of S
s Minimum AInimuin - v
Mechanical Property Requirement ASTM Test Method Number of Tests Method Tests
a - - - Longitudinal Tensile Strength 20,000 psi D638 10
. . D638 10 Transverse Tensile Strength 7.000 psi D638 10 Amer
Transverse Tensile Strength 7.000 psi D638 10 Longitudinal Tensile Modulus 1.8 x 10°psi D638 10
T T oo N ToTS L) D638 10 Transverse Tensile Modulus 0.7 x 10° psi D638 10 rovenera 010
Transverse Tensile Modulus 0.8 x 10° psi D638 10 _ i ‘
Longitudinal Compressive Strength 24,000 psi DG6641 10 ASCE
— — - - Transverse Compressive Strength 15,500 psi D6641 10
Long%tuch’nal Compt ess?"e Strength 30‘0006 pSJI. D6641 10 Longitudinal Compressive Modulus 1.8 x 10° psi D6641 10
Longitudinal Compressive Modulus 3 x 10° psi DG6641 10 Transverse Compressive Modulus 1.0 x 10° psi D6641 10
Transverse Compressive Modulus 1 x 107 psi Do6641 10
Longitudinal Flexural Strength 30,000 psi D790 10
- = Transverse Flexural Strength 13.000 psi D790 10
- - St R 3 537 —— = -
In-Plane Shear Str eng1th 8 0010 IgSl ; D 3 %_9 10 Longitudinal Flexural Modulus 1.6 x 10° psi D790 10
o tvne oaen o e 337 : -
- - — = P D3379 10 Transverse Flexural Modulus 0.9 x 10° psi D790 10
Interlaminar shear strength 3.500 ps1 D2344 10
In-Plane Shear Strength 6.000 psi D35379 10
Longitudinal pin-bearing strength 21.000 psi D953* 10 Iu-Plane Shear Modulus 0.4x 107 psi D3379 10
Transverse pin-bearing strength 18.000 psi D953° 10 Interlaminar shear strength 3.500 psi D2344 10
Pull-through :‘atl"ength per fastener D7332/Proc. B 10 Longitudinal pin-bearing strength 21.000 psi D953* 10
t= 3“"8_ mn 650 Ib Transverse pin-bearing strength 13.000 psi D953° 10
t='%1n 900 1b Pull-through strength per fastener D7332/Proc. B 10
t= %in 1.2501b t=3/8in 630 Ib
='in 900 Ib
. =3/ 7 25
Note: 1 psi=6.895 kPa: 1 Ib=4.448 N =2 in 125016
*‘Test!js shall b1e confiucted with bolt sizes and plate thicknesses stipulated in this Standard. The limitation Note: 1 psi = 6.895 kPa
of 4% on deformation shall not apply. *Tests shall be conducted with bolt sizes and plate thicknesses stipulated in this Standard. The limitation

of 4% on deformation shall not apply.

~https://afzir.com/en/frp-tests/ https://afzir.com/en/frp-tests/




Table 1.3-2(b) Minimum Required Characteristic Mechanical Properties
Table 1.3-2(a) Minimum Required Characteristic Mechanical Properties for for FRP Composite Plates
FRP Composite Shapes Load & Ressotange Factor
Minimum Fiber Remoreed Ponmmer (FRP)
; . . ASTM Test - Suuctures
. Minimum Minimum Mechanical Property Minimum Requirement Number of (
Mechanical Property Requirement ASTM Test Method Number of Tests Method Tests
. : . - | - u - Longitudinal Tensile Strength 20,000 psi D638 10
Longitudinal Tel.lsﬂe Strength 30,000 psi D638 10 Transverse Tensile Strength 7.000 psi D638 0
e e e s o == D638 10 Longitudinal Tensile Modulus 1.8 x 10° psi D638 10
Longitudinal Tensile Modulus 3x 10° psi D638 10 Transverse Tensile Modulus 0.7 x 10°psi D638 10
Iransverse lensile Modulus 0.5 x 10" ps1 D638 10 S i :
Longitudinal Compressive Strength 24,000 psi DG6641 10 ASCE
— — - - Transverse Compressive Strength 15,500 psi D6641 10
Long%tuch’nal Compt ess?"e Strength 30‘0006 pSJI. D6641 10 Longitudinal Compressive Modulus 1.8 x 10° psi D6641 10
Longitudinal Compressive Modulus 3 x 10° psi DG6641 10 Transverse Compressive Modulus 1.0 x 10° psi D6641 10
Transverse Compressive Modulus 1 x 107 psi Do6641 10
Longitudinal Flexural Strength 30,000 psi D790 10
LaDlona Shooe Stonat O N0 ass D5379 10 El'allg\'e;sle Fll;imral Sltie[nithl 112.0(;%5}]51‘. g”gg 18
= O = ongitudinal Flexural Modulus .6x 10° psi 7
In-Plane Shear Modulus 0.4x 10 psi D3379 10 Transverse Flexural Modulus 0.9 x 10° psi D790 10
Alerlanmunar shear strengii 200 pst D2344 10
In-Plane Shear Strength 6.000 psi D35379 10
Longitudinal pin-bearing strength 21.000 psi D953* 10 Iu-Plane Shear Modulus 0.4x 107 psi D3379 10
Transverse pin-bearing strength 18.000 psi D953° 10 Interlaminar shear strength 3.500 psi D2344 10
Pull-through :‘atl"engtll per fastener D7332/Proc. B 10 Longitudinal pin-bearing strength 21,000 psi D953° 10
t= 3“"8_ mn 650 Ib Transverse pin-bearing strength 13.000 psi D953° 10
t='%1n 900 1b Pull-through strength per fastener D7332/Proc. B 10
= 3%in 1.2501b t=3/8in 650 1b
t=%in 900 Ib
. =3/ ] 75
Note: 1 psi=6.895 kPa: 1 Ib=4.448 N =2 in 125016
*‘Test!js shall b1e confiucted with bolt sizes and plate thicknesses stipulated in this Standard. The limitation Note: 1 psi = 6.895 kPa
of 4% on deformation shall not apply. “Tests shall be conducted with bolt sizes and plate thicknesses stipulated in this Standard. The limitation

of 4% on deformation shall not apply.

Load
[ ] deflection (A)

!: Supported span of beam ‘.
| ]

L
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FRP is flexible relative to steel

Initial Top of
Beam Elevation
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Section 6 STRONGWELL

— Section property and Capacity tableS

[N /774774 ;m
g
— ::"—lw
i
i
d X—p—x
" Section 8 STRONGWELL
;; Flexural Members (Beams)
I % ;F" BEAMS
v
Y
T mY W-SHAPES — EXTREN® 500 & 525

E = 2.6 x 105 psi
e
Allowable Uniform Loads in Pounds Per Foot Y
EXTREN® W-SHAPES
PHYSICAL PROPERTIES SECTION PROPERTIES DESIGN PROPERTIES STRONGWELL Section 9
SIZE A |NOM.f o AXIS X—X AXIS Y—Y b | a, | LATERALLY LATERALLY SUPPORTED--GOVERNED BY: Compression Members (Columns)
d | b |t [t Wit | 1 | S r | S r | — UNSUPPORTED | Stress Deflection LONG COLUMN-ALLOWABLE COMPRESSION STRESSES
in in in in in® Ibs in in in® in in* in® in 1 in® in SPAN IN FEET EXTREN®
2 [ 2 [ws|ws|o72| o060 | 1116] 050 | 050 [ 083 | 017 [ 017 [0.48 [16.00] 0.22 | 0.004 W/ 1 SHAPES
3 [ 8 | 14| walzia| 179 | 18| 3147 | 211 [ 122 | 113 | 075 [ 0.73 | 12.00] 0.63 | 0.044 FB “F,or
4 [ 4 | 14| 1a|289| 243 | /8 | 794 | 397 | 166 | 267 | 1.34 | 0.97 | 16.00| 0.88 | 0.060 (psi) w F, 100 | 1450 | 1480 | 1240 | 1360
6 | 6 | 14| 1a|430| 269 | 1/8 | 2828 | 9.43 | 254 | 9.00 | 3.00 |1.44 |24.00] 1.38 | 0.091 3x3x1/4 E = 2.5 x 105 psi
6 [ 6 |8 |a8|648| 544 | 3116| 40.17 | 1340 | 2.50 | 13.52 | 4.50 | 1.45 | 16.00| 1.97 | 0.303 W = 1.69 b/t al| 8419 s30| &30 o | ssa| a41a| 276
8 8 |a8|a8|873| 7.33 | 316 99.18 | 24.80 | 3.38 | 32.03 | 8.01 | 1.92 [21.33| 2.72 | 0.409 b, = 12.0 4| 5211 458 473 _ aa7 281 211 141 NOTE: These callclu\ationsassumethe long column t;utlzkling mode for an axially applied load.
8 | 8 12| u2|1151| 967 | 174 12706 | 3176 | 3.33 | 42.74 | 10.69 | 1.93 | 16.00 | 3.50 | 0.958 E = 12000 pei 5| 3680 oos| asl| ses| 191| 1s9|  11s 0 The transition from the short column mode (limited by b, /t;) to the long column mode
10 | 10 | a8 | a8 1008 922 | 1/4 | 198.82 | 39.70 | 4.26 | 62.54 | 12.50 | 2.39 | 26.67 | 3.47 [ 0514 & Y pst : (limited by Ki/r) will vary with the member size.
10 | 10 | 172 | 12 [1455]| 1222 | 1/4 | 256.20 | 51.20 | 4.22 | 83.42 | 16.65 | 2.40 [20.00 | 4.50 | 1.208 Ay = 068 sq.in. S patse 1 151 176 " 8 73 49 Kifr F. (psi) Kilr F, (psi) Kilr F. (psi)
12 | 12 | 12| 12 |17.51] 1471 | 1/4 | 452.70 | 7550 | 5.07 [144.10]| 24.00 | 2.88 [24.00| 5.50 [ 1.458 L= 317 in.t || 2D a3 e i o/ £ a2 2 a5 35313 73 a2136 153 Z
S, = 2.11 in2 8| 1,929 42| 236 79 53 44 33 22 46 5086 a5 0142 124
I, = 1.13 in#4 9| 1,665 20| 208 56 38 31 23 16 47 5867 86 2101 125
J = 0044 int 10| 1,465 21| *169 42 28 23 17 12 48 5661 87 2060 126
Axdx1/a 49 5466 88 2020 127
50 5282 89 1982 128
w = 2.22 |b/t 3| 8,125 80| 880 — — —| 793 529 51 5108 20 1944 129
bty = 16.0 4| 7462 660 660 — —| 582 438 291 52 4940 91 1908 130
F, = 8,125 psi 5| 5,007 528 528 —| 416 347 260 173 53 4784 92 1873 131
A, = 088sqin 6| 3664 ogo| 440| a97| o2es| 220| 165 110 g; ﬁg‘e‘ gi 1:2‘2 :gi
I, = 7.94 in4 7| 2,846 154 | 377 266 177 148 111 74 56 4356 05 1774 134
5, = 3.97 in2 8| 2,307 a5 330 185 124 103 77 52 57 4297 96 1742 135
I, = 2.67 in4 9| 1,932 63| *265| 134 89 75 56 37 58 4104 97 1712 136
J = 0060in? 10| 1,657 44| 215 100 67 56 42 28 59 3986 98 1682 187
11] 1,450 32 178 76 51 42 32 21 g? :g;; 133 .}ggg :gg
12] 1,288 24 149 60 40 33 25 17 62 3664 101 1598 140
63 3566 102 1572 141
64 3471 103 1546 142
65 3381 104 1520 143
66 3294 105 1496 144
67 3211 106 1472 145
68 3131 107 1449 146
69 3054 108 1426 147
70 2981 109 1404 148
71 2910 110 1382 149
. ACMA C . T h I D 72 2842 111 1361 150
OmpOSIteS ecnnoliogy vay 73 2776 112 1341 155
74 2712 113 1321 160




s like designing FRP connections
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Pre-Standard for
° Load & Resistance Factor
Design (LRFD) of Pultruded

Connections (and bracing)... govern design

Submitted to:
American Composites Manufacturers.
Association (ACMA)

5. DESIGN OF BOLTED CONNECTIONS +
Thus chapter provides provisions for design of bolted comnections of pultruded FRP structural shapes | | — 3 )
and plates. It is organized as follows:

November 8, 2010

ASCE

| \
\ J
5 m{] I

¢ LA
8.1 Scope

8. General Design Requirements 1] L% [
8.3 Connection Design = == *
I.‘]

8.4 Column Bases and Bearing on Concrete
8.1 Scope

The design provisions of this chapter apply to bearing-npe bolted connections for pultruded FRP I 1
shapes and plates and other FRP and/or metallic components, referred to hereafter as members, and

comply with the requirements specified in Section 8.2 general Provisions. Connections of pultruded
FRP members can be direct (member to member), or can incorporate comnecting elements (e.g..
gussets, splice plates, and angles) using steel or stainless steel bolts. Connecting elements are to be of
steel, stainless steel or aluminium. FRP connection elements are allowed where connections are pre-
qualified by testing in accordance with Section 2.3.2. The chapter provides guidelines for initial sizing P

of FRP comnection elements. Design of steel comnection components shall be accordance with ﬂ

o,

.
.
.

ANSIAISC specifications.

-
Connections in FRP structures using FRP muts and bolts, or solid unidirectional remnforced FRP rods
are permitted if tested as indicated in Section 2.3.2 — Prequalified FRP Building Products.

28y

Beference to bolts in this chapter shall apply only to steel bolts and Sections 8.2.2 and 8.3.2.1.
il {L1] ] ]
The types of connection covered shall be lap shear configuration with the loading principally in-plane
of the connecting members.

This chapter does not apply to bolted connections (Figure 8.1) with more than three bolts in a line that ‘r -
is parallel to the direction of the connection force or/and with three or more belts in a single line with

the connection force acting perpendicular to this line of bolting. Connection detailing with more than
three bolts per row and/or with more than three rows must be shown by testing (in accordance with
Section 2.3.2) or analysis to be justified. Double row joints may be justfied over only a single row for
stability to resist compressive loads. Design of bearing-type connections in this chapter do not require
the bolting to be combined with adhesive bonding.

N

The nominal strengths appropnate to the material of an element in the bolted connection shall be used
with the strength formulae i this Chapter.

|

Where bolts are required to camy tensile forces between the members joined. the commection 5 ) P,
components shall be designed to resist the additional out-of-the-plane force due to prying action, [ 3
where this occurs. | Hl

I T o,

All requirements established in this chapter are subjected to the limitation established in Section 1.1.1. \_/] —_/ U

8.1.1 Awially Loaded Connection Types

8.1.1.1 Angles and Channels

In the case of unsymmetrical or unsymmetrically comnected members, such as angles and channels,
the eccentricity of bolts in end connection and the effects of the spacing and edge distances of bolts (2} )
shall be taken into account when determining the nominal strength. ’

Figure C8.3. Bolted connection distinct modes of failure and simplified stress distributions (a) bolt
failure, (b) through-the-thickness tension, (c) bearing, (d) net tension, (e) shear-out, (f) cleavage, (g)
net tension “splitting’, when unloaded edges are not nearby, and (h) block shear.

- ACMA Composites Technology Day




Connections (and bracing)... govern design

AutoSave ( FRP Belted Connection Design v8 (JAA edit 2019-04-25).xlsx - Excel
File Home Insert Page Layout Formulas Data Review View Help Acrobat 2 Tell me what you want to do
HH H B QB OHFH&3> » G
IE - [AHid 15 S
Normal Page Break Page Custom Zoom 100% Zoom to New Arrange Freeze ‘e Sw|
Preview Layout Views Selection Window Al Panes~ [ [l k] Wind
Workbook Views Show Zoom Window
Cc8 = 1
A B C D E F G H J K L M N o] P
1
2 Project Trial Connection Design
3 Engineer JAA Reference P
4 Date  5/1/2019 Vinyl ester ma
5 Strength
6 Geometric Properties Design Factors Elastic mod|
7 Bolt diameter, d 0.50 in Cy 100 Polyester mates
& Number of rows 1 | ™ [SeeFig B1(srow isperp. ofore Cu 100 Strength
g No. bolts per row, n 1 Cr 1.00 N Elastic mod|
10 Staggered? No A 0.4 <—See Table 2.3-1
11 End distance, el 3.0 in
12 Edge distance, e2 15 in Factored Loads (LRFD) Wel};?:i;
13 Pitch, 5 4.0 in Ultimate shear load 2.65 kip (tension positive) <— Primary connection demand 12D } 1 (ﬂ: "
14 Gage, g 0.0 in Ultimata tension load {1-bolt]' 0.00 kip/bolt ™ < Through¥tha-thicknass demand including eccentric & prying affacts = .
15 Gage staggered, gs 0.0 in
16 Stagger distance, Is 0.0 in Material Characteristic Properties 1.2D + 1.6(L, o
17 Single or double lap?  Double lap In plane shear strength, Fsh 8.0 ksi 1.2D + 1.OW +
18 Lap strength factor 1 Interlaminar shear strength, Fsh-int 3.5 ksi 1.2D + 1.0E +
19 Perp. return flange? No Through thickness shear strength, Fsh-tt 7.0 ksi 09D + 1.0OW
20 Min. part thickness, ¥ 0.5 in Longitudinal pin bearing strength, FLbr ~ 30.0  ksi 0.9D + 1.0E
21 Material Polyester™ Transverse pin bearing strength, FThr 18.0 “ksi 1.5.2(b) — Flooc
22 Sustained high temp 80 °F Longitudinal tensile strength, FL{t)  30.0  ksi 5.2(c) ~ Atmo}
23| Moist Environmant (v/N]' N <--Sea Section 2.4.2 Transverse tensile strength, FT(t) 7.0 ksi
24 Bolt material ASTM A325"
25 Bolt axial str., Fnt 0 ks
26 Bolt shear str., Fnv 68 ksi Force direction relative to pultrusion, 8 0to5  degs
27 Washer diameter, dw 1 i Pultuded material  Shape
28 e3 15 "in <—See Table (8.8 | -
29 ed 1.5 in conmect. shear force tensile and parallel to direct. of FRP rmaterial? Yes 1
30| Metareasubjecttoshear, Ans  1.359 inz Materials connected  FRP/FRP ——
31 | Metsres subjectratension, e 0.609 T in2 <—See 8.3.3.4 if staggered e
32| Come orsce comnsction? Concentric <—See 8.3.3.4 '

-~ ACMA Composites Technology Day
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Adhesives... the FRP counterpart to welding

Section 10 STRONGWELL

Fabrication
CONNECTIONS

PROCEDURE FOR MAKING STRUCTURAL EPOXY JOINTS
Materials Used

Strongwell epoxy adhesive base
Strongwell epoxy adhesive hardener

Small wax coated paper cup for mixing
Clean wooden or FRP stick for mixing

80 grit sandpaper

Clamps for holding epoxy joints during cure
Clean cloth

Surface Preparation

1) Sand mating surfaces with 80 grit sandpaper until the surface gloss has been removed. The
surfacing veil must be ground off to expose the glass reinforcement. Sand blasting equipment
can also be used.

2) Remove all dust with a clean cloth; air blasting equipment may also be used. Avoid
recontamination of the surface from handling.

Mixing of Epoxy
Mix equal volume portions of the base and hardener in a small wax coated paper cup with a
clean stick until a uniform gray color is attained and all marbled appearance is gone.

NOTE: Gther adhesive systems compatible with fiberglass can be utilized and the
manufacturer’s mixing instructions for these systems should be followed.

Application and Cure /
1) Apply the mixed epoxy uniformly to all surfaces to be joined. A thin application is often more ;"’ ]

beneficial than a thick application. T ; v 4 -
2) Avoid introducing moisture into the joint. - : T .

3) Join the surfaces to be bonded. The pot life at 77°F for a 3 oz. mixture of equal volumes of
base and hardener is 2.5 hours.
4) Secure the joint with clamps (or rivets or balts) and allow 24 hours for a full cure. The assembly https://exelcomposites.com/guide-to-composites/fabrication-methods/
can often be handled with reasonable care in less than 8 hours. The structure should not
be required to support its design load until at least 48 hours (at 70°F) after bonding. Lower
temperatures require a longer cure.

5

—_

After securing the joint, wipe away excess epoxy.

A ites Technology Day




Sustainability benefits of FRP

EXTREN®525 Channel vs. Steel Channel
“The construction industry consumes more

resources taken from the earth (up to 50%) than any s

other industry. The construction, operation, and b
subsequent demolition of all built facilities accounts ol I
for 40-45% of the global energy use.” |
Compared to conventional materials, FRP enables... ’ "'

* Lighter system designs

* Longer service life

* Lower transportation costs

Global Warming Acidification Eutrophication Oz0ne depletion Smog Metered Water

[0 EXTREN FRP 525 CHANNEL_New Resin Filer - 100 Lineal Feet [ Steel Channel 10" x 15.3"X 17  feet

[ Production from readily available raW Constituent Comparing 1 p 'EXTREN FRP 525 CHANMEL_New Resin Fller - 100 Lineal Feet' with 1 p 'Steel Channel 10" x 15.3" X 17  feet’; Method: TRACI/IMPACT 2002+ /IPCC/Energy (Feb 09) OCVStrong V11.08 | characterization

materials like silica Third Party Cradle-to-Gate Life Cycle Analysis

* Material embodied energy in GFRP is similar to Steel vs. Pultruded Channel
other construction materials

Source: “A Life Cycle Assessment Approach in Examining Composite Raw

. . Materials, Steel and Aluminum Materials Used in the Manufacturing of
° Recyclablllty at end of life Structural Components” (2009)

Source: Composites UK (2016) “Environmental Impact and Embodied Energy”

- :ﬁAGMA_CQmpgjite§_T:e4;hnolo§¥ Day




Conclusions

1. Benefits of using FRP extend beyond historically acknowledged benefits of corrosion-resistance
1. FRPis 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

- ACMA Composites Technology Day
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Brad Doudican, Ph.D., P.E. Kevin Q. Walsh, Ph.D., P.E.
Frost Engineering & Consulting Frost Engineering & Consulting
bdoudican@frosteng.net University of Notre Dame
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