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CSA FRP Rebar Design Codes & Certifications
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CSA S807

The most comprehensive
specs for FRP rebars in the 
world

HOW TO CERTIFY/QUALIFY/SPECIFY FRP BARS

• First edition in 2010
• Re-approved in 2015
• Second Edition in 2019
• Re-approved in 2024

http://cici.um-sml.com/
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Describes permitted constituent materials, limits on constituent volumes, and 
minimum performance requirements. 

Provides provisions governing testing and evaluation for product qualification and 
QC/QA. 

CSA Material Specifications (CSA S807)

GFRP BFRP CFRP

http://cici.um-sml.com/
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The mechanical and physical properties of FRP rebars are critical in determining the 
performance, durability and cost. 

Three grades (40 GPa, 50 GPa, and 60 GPa) are identified in the CSA S807 for GFRP 
bars  which allows optimization in design based on performance and/or cost.

CSA Material Specifications (CSA S807)

http://cici.um-sml.com/
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CSA Material Specifications (CSA S807)

TESTS PER BAR SIZE  (Physical , Durability, and Mechanical Properties for 3 lots)

• Tensile Strength: 24 specimens
• Bond Strength: 24 specimens
• Transverse Shear Strength:  24 specimens
• Strength of bent bars: 24 specimens
• Tensile Strength at cold temperature: 24 specimens
• Fibre Content: 9 specimens
• Transverse Coefficient of Thermal Expansion:  9 specimens
• Void Content: 9 specimens
• Water Absorption: 15 specimens
• Cure Ratio: 15 specimens
• Glass Transition Temp.: 15 specimens
• Alkaline Resistance without/load:  24 specimens
• Alkaline Resistance with/load:  24 specimens
• Creep Rupture load level:  24 specimens

http://cici.um-sml.com/
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Several GFRP bar manufacturers or suppliers qualified their products
and obtained approvals from end-users and government authorities
(such as MTO, MTQ, etc.):

1.  MST-BAR INC.

2.  PULTRALL INC.

3.  PULTRON INC. 

4.  SFTec INC.

5.  TUF-BAR

6.  ROECHLING

7.  Etc.

7

Mean Tensile Modulus: 60 GPa (High Modulus)
Minimum Guaranteed Tensile Strength: 1000 MPa

http://cici.um-sml.com/
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CSA S6 (CHBDC)

• First Edition in 2000 (GFRP as secondary
reinforcement)

• Second Edition in 2006 (GFRP as main 
reinforcement)

• Third Edition in 2010 (FRP-RC beams & slabs, 
Shear equation, crack-width, Kb, and barrier
walls)

• Re-approved in 2014
• Fourth Edition in 2019
• Fifth Edition in 2025 (Completed) – CSA S6-25

The Code  includes 17 Sections (FRP in Section 16)

CSA S6 Canadian Highway Bridge Design Code

http://cici.um-sml.com/
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CSA S6:19 (2019)

• Changes Implemented in the Current Edition:
• Endorses the use of FRP bars in compression members

• Increasing the GFRP material resistance factor

• Additional clauses for detailing bundled FRP bars, bent bars, and headed bars

• Requirements for the Strut-and-Tie Model

𝑷𝟎 = 𝝋𝒄𝜶𝟏𝒇′𝒄𝑨𝒈 + 𝝋𝑭𝑹𝑷𝟎. 𝟎𝟎𝟐𝑬𝑭𝑹𝑷𝑨𝑭𝑹𝑷

𝝓𝒇 = 𝟎. 𝟔𝟓 (0.55 in previous edition)

http://cici.um-sml.com/


FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR 
CONCRETE STRUCTURES

“Advances in concrete reinforcement”

• Introducing Basalt FRP bars (BFRP)
Following the introduction of the material in the CSA S807 
Specifications. The main conclusion of previous studies is that the 
behavior of BFRP-reinforced elements is similar to GFRP-reinforced 
ones, therefore, the proposed change includes adding the BFRP bars as 
an acceptable fiber type with the same limitations, recommendations, 
and specifications as GFRP bars.

CSA S6:25 (2025)

http://cici.um-sml.com/
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• FRP transverse reinforcement in columns for seismic
This is based on several experimental studies at the University of Toronto, 
University of Sherbrooke, and the University of Manitoba.

CSA S6:25 (2025)

http://cici.um-sml.com/
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• Added Clauses on the slenderness ratio and effect,

• Added Clauses on the splice length for members under 
compression,

• Modified the creep rupture limit for GFRP bars,

• Added clauses for punching (two-way) shear strength,

• Modified existing clauses for the shear interface,

• Etc.

CSA S6:25 (2025)

http://cici.um-sml.com/
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• Repair of damaged bridge barrier walls, curbs, and slabs 
reinforced with FRP bars 

CSA S6:25 (2025)

http://cici.um-sml.com/


• 1st Edition in 2002

• 2ndEdition in 2012 

• Re-approved in 2017 & 
2022

• Third Edition in 2025 
(Start in June 2024)

CAN/CSA S806: Design and Construction of Building Components 
with Fibre-Reinforced Polymers 



FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR 
CONCRETE STRUCTURES

“Advances in concrete reinforcement”

Change Proposed in the Next Edition (FRP Rebar) :
• Address GFRP bars in compression (not ignoring the contribution of GFRP 

rebars in compression),

• Update the minimum reinforcement ratio,

• Add provisions for the slender elements subjected to axial load and moment,

• Add clauses for masonry walls reinforced with GFRP bars,

• Add clauses for shear walls, and column reinforcement details under seismic 
loads,

• Update equations for deflection calculations (Bishoff equation, similar to ACI 
CODE 440.11-22),

• Update equations for one-way and punching shear,

CSA S806-25 (2025)

http://cici.um-sml.com/
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Change Proposed in the Next Edition (FRP Rebar):
• Update the equations for development/splice length,

• Update the existing stress limits for creep rupture,

• Update the equations and limits for the crack width,

• Recalibration of phi factors,

• Update clauses for fire protection,

• Add special provisions for seismic design,

• Add clauses for the shear interface,

• Add clauses for the headed bars,

• Update the clauses for the development length of bundled bars larger than 25 
mm,

• Add provisions for hybrid reinforcement (steel and FRP).

CSA S806-25 (2025)

http://cici.um-sml.com/
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Climate adaptation of 
structures

The climate adaptation of structures involves the 
ability of existing or new structures to fulfill the 
requirements of safety and serviceability 

Climate change:  

1) Extreme temperatures due to heat waves; 
2) High-temperature fluctuations; and 
3) Changes in humidity conditions. 

Additional stresses due to creep, shrinkage, 
or soil settlement

http://cici.um-sml.com/
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Climate adaptation of structures

Recent studies conducted in Canada on FRP-reinforced concrete elements 
show that the extremes of temperature and temperature humidity 
fluctuations could affect the performance of FRP in the short and long 
terms.

Revisions of some requirements related to the selection of the material, the 
effective bond length of the FRP reinforcement, and other detailed aspects 
are needed to be implemented in CSA material specification, and design 
standards and codes.

http://cici.um-sml.com/
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Climate adaptation of structures

CSA S806 Design Standard

• New Edition (2025) currently

under development

Addressing this important 
issue for both internal and 
external FRP reinforcement

CSA S806-25 (2025)

http://cici.um-sml.com/
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New Edition CSA S413-21 (2021) Parking Structures

Inclusion of GFRP Reinforcing as an 
alternative reinforcing to traditional 
black steel rebars in the New Edition 
of CSA S413-21 (October 2021)

http://cici.um-sml.com/
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New Edition of CSA S900.2-21 (2021) Structural Design of 
Wastewater Treatment Plants

Inclusion of GFRP Reinforcing as an 
alternative reinforcing to 
traditional black steel rebars in the 
New Edition of CSA S900.2 
(December 2021)

http://cici.um-sml.com/
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Thank you

Contact: brahim.benmokrane@usherbrooke.ca 
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FOURTH INTERNATIONAL WORKSHOP ON 
FRP BARS FOR CONCRETE STRUCTURES

“Advances in concrete reinforcement”
August 8-9, 2024 - Toronto,  Ontario

SPONSORED BY:

ACI CODE 440.11-22

Vicki L. Brown
Widener University



FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR 
CONCRETE STRUCTURES

“Advances in concrete reinforcement”

1
Dr. Vicki Brown , Mr. Will Gold, Dr. Carol Shield

The New ACI Code 440.11-22

Presentation Objective: Introduce ACI Code 440.11 for GFRP RC, 
discuss key design requirements, and explain limitations that 
apply to using the Code.

Presentation Outline:

• Introduction

• Transitioning from Guide to Code

• Key Design Requirements

• Future Code Revisions and Educational Materials

ACI CODE 440.11-22

2
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Dr. Vicki Brown , Mr. Will Gold, Dr. Carol Shield

The New ACI Code 440.11-22

ACI CODE 440.11-22 Building Code 
Requirements for Structural Concrete 
Reinforced with Glass Fiber-
Reinforced Polymer (GFRP) Bars 

• Published September 2022

• Dependent on ACI 318-19

o Mandated to use 318-19 
requirements where possible

o Same layout and chapters as 318-19

o Consistent numbering with 318-19

• Adopted by ICC for inclusion in 2024 
version of the International Building Code 

3
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ASTM D7957-22 – Standard 
Specification for Solid Round GFRP 
Bars for Concrete Reinforcement

•Glass fiber, vinyl ester resin 
bars only
•Manufactured by pultrusion
•Specified material properties
•Specified durability properties

http://cici.um-sml.com/
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Dr. Vicki Brown , Mr. Will Gold, Dr. Carol Shield

The New ACI Code 440.11-22

• Introduction

• Transitioning from Guide to Code

• Key Design Requirements

• Future Code Revisions and Educational Materials

5

http://cici.um-sml.com/


FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR 
CONCRETE STRUCTURES

“Advances in concrete reinforcement”

6

Required development of design 
methods for GFRP-RC members under 
torsion and GFRP-RC columns.

http://cici.um-sml.com/
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Chapter 1 – General

Chapter 2 - Notation and Terminology

Chapter 3 - Referenced Standards

Chapter 4 – Structural System Requirements

Chapter 5 – Loads

Chapter 6 - Structural Analysis

Chapter 7 – One-Way Slabs

Chapter 8 – Two-Way Slabs

Chapter 9 – Beams

Chapter 10 – Columns 

Chapter 11 – Walls

Chapter 12 – Diaphragms

Chapter 13 – Foundations

Chapter 14 – Plain Concrete

Chapter 15 – Beam-Column/Slab-Column Joints

Chapter 16 – Connections between Members

Chapter 17 – Anchoring to Concrete

Chapter 18 – Earthquake-Resistant Structures

Chapter 19 – Concrete: Design and Durability  
 Requirements

Chapter 20 – GFRP Reinforcement Properties,  
 Durability, and Embedments

Chapter 21 – Strength Reduction Factors

Chapter 22 – Sectional Strength

Chapter 23 – Strut &Tie Models

Chapter 24 – Serviceability Requirements

Chapter 25 – Reinforcement Details

Chapter 26 – Construction Documents/Inspection

Chapter 27 – Strength Evaluation of  Existing                   
 Structures

http://cici.um-sml.com/
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Code DOES cover:
• Beams 
• One-way and two-way slabs
• Columns
• Walls
• Foundations
• Joints/Connections between 

members
• Strength evaluation of 

existing structures
• Torsion

Code does not 
currently cover:

•Lightweight concrete

•Prestressed concrete

•Deep beams

•Shotcrete

•SDC D-F totally excluded 

•SDC B-C excluded if part of 
the lateral load resisting 
system

http://cici.um-sml.com/
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Dr. Vicki Brown , Mr. Will Gold, Dr. Carol Shield

The New ACI Code 440.11-22

• Introduction

• Transitioning from Guide to Code

• Key Design Requirements

• Future Code Revisions and Educational Materials

9
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Design Tensile Properties 

Design tensile strength and rupture strain for straight bars

𝑓𝑓𝑢 = 𝐶𝐸𝑓𝑓𝑢
∗ 𝜀𝑓𝑢 =

𝜀𝑓𝑢
∗

𝐸𝑓

𝑓𝑓𝑢
∗  𝑎𝑛𝑑 𝜀𝑓𝑢

∗  𝑎𝑟𝑒 𝑔𝑢𝑎𝑟𝑎𝑛𝑡𝑒𝑒𝑑 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑖𝑒𝑠 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑖𝑛𝑢𝑠 3 σ

Design tensile strength for transverse reinforcement

𝑓𝑓𝑡 = 𝐶𝐸𝑓𝑓𝑏
∗ ≤ 0.005𝐸𝑓 where 𝑓𝑓𝑏

∗  = guaranteed bent bar strength 

CE is an environmental reduction factor = 0.85

http://cici.um-sml.com/
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Effects of Fire and High Temperatures
• Bond diminishes when temperatures approach 

Glass Transition Temperature

• Tg value of 120°C typical; ASTM D 7957 
requires a minimum Tg  of 100°C. 

• Code limited to structures not requiring fire 
resistance rating except where fire resistance 
is shown to be adequate and is  approved by 
the building official.

• Proper detailing and use of insulation can provide fire 
resistance in excess of 2 hours

• Service temperatures not permitted to exceed Tg - 15°C 

http://cici.um-sml.com/
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Creep-rupture Behavior

• GFRP reinforcing bars subjected 
to a constant load over time can 
suddenly fail

• Phenomenon is known as creep 
rupture (or static fatigue) 

• Keep stress due to unfactored 
sustained loads less than 0.3 ffu

http://cici.um-sml.com/
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Immediate deflections calculated using effective moment of inertia:

𝐼𝑒 =
𝐼𝑐𝑟

1 − γ
0.8 𝑀𝑐𝑟

𝑀𝑎

2

1 −
𝐼𝑐𝑟
𝐼𝑔

≤ 𝐼𝑔;

Δ(𝑙𝑜𝑛𝑔−𝑡𝑒𝑟𝑚) = 0.6 𝜉 Δ𝑖 𝑠𝑢𝑠

Δ𝑖 𝑠𝑢𝑠 =   short term deflection due to sustained load

= time-dependent factor equal to 1.0 at 3 months and 2.0 
at 5 years or more

Control of Deflections: Limits identical to ACI 318

http://cici.um-sml.com/
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Bar Spacing for Control of Crack Widths

𝑠 ≤
0.81 𝐸𝑓

𝑓𝑓𝑠𝑘𝑏
− 2.5𝑐𝑐 ≤ 0.66

𝐸𝑓

𝑓𝑓𝑠𝑘𝑏

Ef = elastic modulus of the GFRP reinforcement
ffs = reinforcement stress under service loads
kb = 1.2 (bond factor)
cc = clear cover

Crack widths less than 0.41 to 0.71 mm are generally acceptable 

http://cici.um-sml.com/
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Flexural Strength

15

Concrete Crushing

GFRP Rupture

Find neutral axis and 
GFRP stress ff by 
equilibrium and strain 
compatibility

True c has to be less 
than cb. Conservative 
to take moment arm as 
d – β1cb / 2  or  use 
equilibrium and strain 
compatibility.

Strength reduction factor φ dependent on failure mode

http://cici.um-sml.com/
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Strength Reduction Factors

16

Shear and Torsion → ϕ = 0.75  Bearing → ϕ = 0.65

Moment, Axial Force, Combined Moment/Axial Force

Net tensile 
strain at 

failure, ft

Flexural Strength reduction 
factor, Φ

ft = fu 0.55            (tension-controlled)

fu > ft > 0.8fu 1.05 – 0.5ft  / fu      (transition)

ft ≤ 0.8fu 0.65     (compression-controlled)

http://cici.um-sml.com/
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Shear Design Equations
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𝑉𝑛 = 𝑉𝑐 + 𝑉𝑓

Shear strength provided by concrete reinforced with GFRP is lower than 
shear strength provided by concrete reinforced with steel reinforcement 

• Increased crack width → Less aggregate interlocking

• Small compressive zone depth→ Less concrete resistance in the 
compressive zone

𝑉𝑐 = 5𝜆𝑠 𝑓𝑐
′ 𝑏𝑤𝑐

𝑐 = 𝑘𝑐𝑟𝑑 →     Compression area of the elastic cracked transformed section

𝑉𝑓 =
𝐴𝑓𝑣𝑓𝑓𝑡𝑑

𝑠

Afv  = amount of GFRP shear reinforcement within spacing, s

fft   = min(ffb, 0.005Ef) → strain in stirrups limited to 0.005 to 
provide adequate aggregate interlock

http://cici.um-sml.com/
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Moment Redistribution

18

• Moment redistribution is smaller in GFRP-RC flexural 
members than for members with steel reinforcement, but 
does occur due to concrete cracking 

• Direct Design Method (DDM) and Equivalent Frame Methods 
(EFM) are permitted, based on observed moment 
redistribution in GFRP RC

• Moment redistribution is not allowed beyond that required 
for DDM/EFM

• Inelastic analysis is also out of scope

http://cici.um-sml.com/
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Column Design Philosophy

19

Tf2

Tf3

At lower axial 
loads, all bars 
are in tension

Tf2

Tf3

As axial loads 
increase, bars in 
compression 
“disappear” 
(treated as 
concrete)

At higher axial 
loads, all bars 
“disappear” in 
compression 

For Pu > 
0.1f’cAg, 
GFRP design 
tensile strain 
in GFRP is 
limited to 
0.01

http://cici.um-sml.com/
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Dr. Vicki Brown , Mr. Will Gold, Dr. Carol Shield

The New ACI Code 440.11-22

• Introduction

• Transitioning from Guide to Code

• Key Design Requirements

• Future Code Revisions and Educational Materials

20
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ACI Committee 440C – FRP RC Building Code

Committee Mission: Develop and maintain code requirements for 
the design of structural concrete internally reinforced with fiber-
reinforced polymer composite bars. 

Sunset Date: December 2027

Committee Chair: Vicki Brown

Vice Chair: Carol Shield

Secretary: Will Gold 

Committee Membership: Hakim Bouadi, John Busel, Jennifer Dimig, 
Ehab El-Salakawy, Hamzeh Hajiloo, Maria Lopez de Murphy, Antonio 
Nanni, Steven Nolan, Carlos Ospina, Shawn Platt, Randall Poston, 
Hayder Rasheed, Douglas Tomlinson

21
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ACI Committee 440C – FRP RC Building Code
Timeline includes approximately 2 years in which to develop new technical 
content and translate into Code language

Priorities for this Code cycle: 

• Update to ACI 318-25

• Shear friction/diaphragms

• Development length equation

• Bundled bars

• Fire resistance ratings

• Seismic design categories B & C

• Chapter 15 on cast-in-place joints

• Lightweight concrete

• Shotcrete

• Removing designer “road blocks” 

22
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ACI DESIGN HANDBOOK

23

• Engineering design examples for beams, one-
way slabs, two-way slabs, and slender 
columns reinforced with GFRP bars. 

• Guidance on use of GFRP rebar, its material/ 
durability characteristics, typical applications, 
and fire resistance considerations. 

• Key differences between designing GFRP RC 
versus traditional steel RC.

• Explanation of ACI CODE 440.11 as pertains to 
flexure, shear, torsion, and axial strength, 
serviceability, stability, and structural analysis. 

• Closely related to examples presented in ACI’s 
Reinforced Concrete Design Handbook (ACI 
MNL-17) to allow for comparison to steel RC 
members.

http://cici.um-sml.com/
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ACI On-Demand Courses

Free to ACI Members, $39 each for non-members

• ACI CODE-440.11-22: Overview of GFRP Reinforced Concrete

• ACI CODE-440.11-22: Serviceability and Flexural Design of GFRP 
Reinforced Concrete

• ACI CODE-440.11-22: Shear and Torsion Design of GFRP Reinforced 
Concrete

• ACI CODE-440.11-22: Requirements for GFRP Reinforced Concrete 
Columns, Fire, and Structural Analysis

• Practical Utilization of the New ACI CODE 440.11 on GFRP 
Reinforced Concrete: Manuals for Engineers and Contractors

24
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Thank You for Attending!

Questions?

http://cici.um-sml.com/
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Updating AASHTO Guide Specifications for GFRP 
Reinforced Concrete Structures – 2018

Steven Nolan for Tanarat Potisuk
AASHTO Committee on Bridges and Structures – Concrete Committee (formerly T-10)
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AASHTO

2

AASHTO COBS Concrete Committee:
https://transportation.org/bridges/membership/?committee
_code=CBS_BPRS 

http://cici.um-sml.com/
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Planned update for 2025/26
Currently 3 Work Agenda Items being 
prepare for balloting in Summer of 2025:
• GFRP Axial Resistance – Change from Net Area 

to Gross Area of concrete (Will be discussed at 
PCI Committee Days (Nashville, Sept 24th ).

• GFRP add references to ASTM D8505-23 
option for straight bars.

• GFRP Max. Transverse Reinforcement – to 
propose change/correction to Eq. 2.7.2.5-1. (To 
be distributed by August 30th)
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AASHTO Technical Committee for Concrete 
(8:00 - 11:30 AM  & 1:30 – 5:00 PM

3rd Editio
n ??
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Planned update for 2025/26
Other potential updates for discussion:
• Interface shear resistance refinement 

(pending NCHRP 12-121 recommendations).
• Minimum reinforcement requirements.
• Review ACI CODE-440.11-22 for potential 

harmonization.
• Potential addition of Basalt FRP Rebar.
• Incorporating GFRP design provisions from 

the Guide Specs into BDS Section 5. NCHRP 
20-123 research roadmap is an option for the 
starting effort.
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Planned update for 2025/26
Other potential updates:

• Axial Resistance coefficient consistency with 
BDS.
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Planned update for 2025/26
Other potential updates:

• FRP Rebar Couplers - 
proposed testing 
criteria
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Preamble
• Consistent Testing and Validation

• Establishes uniform procedures across the 
industry

• Ensures reliable and reproducible results
• Fair playing field

• Material Performance and Safety
• Sets minimum performance criteria essential 

for durability and reliability
• Enhances safety for both construction and 

long-term use

• Code Compliance
• Integral for adherence to codes (IBC)
• Facilitates approval and market entry for new 

products
• Market stability
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ICC-ES
• ICC Develops the International Building 

Code (IBC)
• Current version: IBC 2021 → FRP not 

referenced
• Next publication: 2024 → ACI 440.11 

will be referenced

• ICC-ES Develops Acceptance Criteria For 
IBC compliance
• Technical evaluations of building 

products, materials and systems for 
code compliance.

• Material properties (for design and 
durability)

• Quality Control 
• Traceability 
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ICC-ES: FRP rebar relevant AC

• AC454 (Structural 
applications)

• Approved in Oct. 2022

• For Glass and Basalt FRP 
bars

• Meshes not included

• Includes alkaline exposure 
testing for durability

• References ASTM D7975

• References ACI 440.11-22

• AC521 (Non-structural 
applications)

• Approved in Oct. 2020

• Only for non-structural 
applications

• For Glass and Basalt FRP 
bars and ‘meshes’

• No alkalinity exposure 

• specific test protocols for 
FRP meshes 

• No ASTM reference
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• AC552 (Couplers)

• Approved in Oct. 
2023

• FRP couplers only

• Tensile Cyclic testing 

• References ASTM 
D7975

http://cici.um-sml.com/
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ICC-ES
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AC 454 AC 521
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ICC-ES
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ICC-ES – What is next?

• Inclusion of ASTM D8505

• Inclusion of ACI 440.1R-??

• Large diameter bars?

• Mesh classification

• Masonry:

Add TMS 402/602 references, 

FRP Horizontal ladder 

• Value added solutions: 

3D printed RC elements, 
precast elements,  
• Hybrid construction (Steel-FRP)
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ACI (excluding CODE)

• ACI 440K Sub-committee ‘FRP-
Material Characteristics’

• Defines characterization 
methods and testing 
protocols for FRP bars to be 
used within 440

• 440.3R-12: Guide Test 
Methods for Fiber-
Reinforced Polymers (FRPs) 
for Reinforcing or 
Strengthening Concrete 
Structures

• Pipeline for ASTM D30.10
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• ACI 440H Sub-committee ‘FRP-
Reinforced Concrete’

• Expanding knowledge and 
state of art and practice 

• Design of RC related aspects

• 440.1R-15 Guide for the 
Design and Construction of 
Structural Concrete 
Reinforced with Fiber-
Reinforced Polymer (FRP) 
Bars

• Inclusion of Basalt FRP

• Pipeline for 440.11 CODE

http://cici.um-sml.com/
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ACI
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> ASTM Method

> ASTM Method

> ASTM Method

> ASTM Method
> ASTM Method

> ASTM Method

> ASTM Method
> ASTM Pending 

> ASTM Pending 

> ASTM Pending 

> Relevance? 
> Relevance? 
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ACI
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• Obsolete as a document for Glass 

• Replaced with ASTM D7957 fro 
GFRP

http://cici.um-sml.com/


FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR 
CONCRETE STRUCTURES

“Advances in concrete reinforcement”

ACI
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• Potential to expand 

• Mechanics of deterioration
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ACI

13

• Inclusion of Basalt FRP

• Inclusion of ASTM D8505

• Expansion on design methods for 
shear

• Contribution of confinement

• Referenced used actively in Asia

• Relevant to non-building 
applications
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ASTM
• Subcommittee D30.10 Composites for Civil Structures

• Develops standard test methods, practices, guides, 
terminology, specifications for composites used in 
civil.

• Works in tandem ACI subcommittee ‘440-K: FRP-
Material Characteristics’ to align standards and 
improve testing methods

• Main FRP concrete reinforcement specifications:
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ASTM
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• D30.10 Summary of activities

• x 15 ACTIVE Standards under D30.10

• x 2 NEW Standards published in the last 12 
months

• x 6 NEW Standards UNDER DEVELOPMENT 
for ballot

• x 3 existing Standards due to revision in the 
next 12 months, and many ballots revising 
existing standards.

• …several Standards in the pipeline for 
development
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ASTM
• ASTM D7957

• First ASTM for FRP Bars (2022)

• Referenced in ACI 440.11-22

• Covers only GFRP bars up to #10

• Minimum modulus: 44.8 GPa 

• Alkaline durability ASTM 
D7705/D7705M, Procedure A 

• ASTM D8505

• Latest ASTM for high-modulus 
FRP bars (2023)

• In the process of being adopted 
in ACI PRC-440.1R

• Includes BFRP in addition to 
GFRP

• Maximum bar size: #10

• Minimum modulus: 60 Gpa

• Alkaline durability: ASTM 
D7705/D7705M, Procedure A + 
Procedure B

• MA: includes 24h MA

• Includes apparent horizontal 
shear testing
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Gaps and Opportunities 
• What is next…?

• Low hanging fruit (active work):

• Adding precision statements to test standards

• Bendable bars 

• Expand resin specifications (work partly supported 
by NEx Project # P0056-RD24.02 Material 
Specifications to Implement Polyolefin Resins for 
use in FRP Rebar Applications
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Conclusions
• Material characterization/testing 

standards exist for FRP: mainly 
developed by ASTM

• Acceptance criteria for FRP: ASTM 
D7957 & D8505 and ICC-ES AC 454 & 
521

• Design code for FRP: ACI 440.11-22

• The current IBC (2021) does not 
reference 440.11 but the next version 
(2024) will

• Constant progress by ASTM, ACI and 
ICC-ES to improve and update 
codes/standards
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WHO 
WE 
ARE

The FRP Institute 
Founded in 2022, we are an unbiased source of technical 

information based on consensus standards, focused on 

practical implementation, design advice and training, third 

party qualification and oversight, plant certification and 

independent quality assurance testing.

Our Mission
• Sharing of information on new technology
• Work toward standardization of material acceptance practices
• Advocacy of technologies that will facilitate more efficient 

data sharing and data transfer



WHO 
WE 
ARE

CEO

Richard Krolewski
Founder, Regulatory Resources

Chairman, Advisory Board

Cabell Garbee, P.E.
Manufactured Products Engineer

Materials and Tests Unit

North Carolina Department of Transportation

Chairman, Technical and QC
Joseph Stilwell, P.E.
FRP/Composites Subject Matter Expert

U.S. Army Corps of Engineers Inland Navigation 

Design Center

Codes and Standards

Matt Chynoweth, P.E.
Vice President/National Bridge Discipline Leader

RS&H

WHO WE ARE

FRP Institute Leadership Team

Lead Auditor

Rudi Seracino, Ph.D., F.ACI, F.IIFC
Professor of Structural Engineering

North Carolina State University



WHAT WE DO

PLANTS AUDITED 2024

EDUCATIONAL SESSIONS 
Date TBD: Texas Department of Transportation
Date TBD: Maryland Department of Transportation State Highway Administration
Oct. 29: California Department of Transportation
Sept. 16: Hawaii Department of Transportation (2nd training)
July 18: Ohio Department of Transportation
June 10: Virginia Department of Transportation
April 19: Hawaii Department of Transportation
April 4: Pennsylvania Department of Transportation
Nov. 30: North Carolina Department of Transportation
Nov. 8: New Jersey Department of Transportation
Oct. 20: Michigan Department of Transportation
Feb. 15: California Department of Transportation



WHAT WE DO

QPL/MPL
Work with DOT’s to streamline approvals regarding QPL/MPL   

MATERIAL VERIFICATION
The auditing program established by the FRP Institute is expected to accelerate DOT 

acceptance of FRP materials

EDUCATION/OUTREACH
Develop and conduct technical education courses for DOT personnel, engineering firms and 

manufacturers and build awareness and support for FRP usage in civil infrastructure

M337 SPECIFICATION
The FRP Institute has been tasked by AASHTO Specialized 

Structures to lead the effort in establishing a consensus 

standard in the industry through an update of the M337 

specification 



WHAT WE DO

AASHTO REPRESENTATION

The FRP Institute continues to foster a close relationship with AASHTO

Richard Krolewski, FRP Institute CEO, serves as an Industry Representative on the 

Composite Concrete Reinforcements (CCR) Technical Committee for manufacturing 

audits of Fiber Reinforced Polymer products. 

He represents all manufacturers of products that are covered in the CCR Technical 

Committee GFRP Work Plan.
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W. Cabell Garbee, II, PE

NCDOT Manufactured Products Engineer

CCR Technical Committee Chair

August 2024
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AASHTO 

Product Evaluation & Audit Solutions

• Formerly:
National Transportation Product Evaluation Program (NTPEP) 

AASHTO Product Evaluation & Audit Solutions Program combines the professional and 
physical resources of the AASHTO member departments in order to evaluate materials, 
products, and devices of common interest for use in highway and bridge 
construction. The primary goal of the program is to provide cost-effective 
evaluations for the State DOTs by eliminating duplication of testing and auditing by 
States and duplication of effort by manufacturers that provide products for evaluation.

24 Technical Committees
 42 States Participated at the 2023 Annual Meeting

https://transportation.org/product-evaluation-and-audit-solutions/

AASHTO Product Evaluation & Audit Solutions CCR Committee Overview



CCR Committee

Membership
• Matt Bluman, AASHTO Liaison

• Cabell Garbee, North Carolina DOT Chair

• Steve Nolan, Florida DOT Vice Chair

• Representatives from 18 State Departments of Transportation (DOT) 

• Four Manufacturers 

• Testing Facility and Auditors

– Contracted to AASHTO

• Industry Association

– FRP Institute

• Note

– State DOT each have a voting member, all other members are non-voting

AASHTO Product Evaluation & Audit Solutions CCR Committee Overview
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June 2024 Annual Meeting



Composite Concrete Reinforcements (CCR)

Timeline

– 2021/2022 Task Force and Committee

– Judge Interest, Develop Workplan

– 2023/2024 Committee

– Work Plan Approved

» Participating Materials

• Glass Fiber Bars

• Basalt Fiber Bars (upcoming 2024)

• Carbon Fiber Strands (upcoming)

» Facility Required Components

• Quality Management System 

• Facility Audit

• Sampling and Testing 

 

AASHTO Product Evaluation & Audit Solutions CCR Committee Overview
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Quality Management System 

Minimum Components

• Quality Manual

• Standard Specifications

• Training and Competency Evaluation Records 

• Equipment Calibration Records 

• Certificates of Analysis 

• Raw Material Test Results

• Product Physical Test Results

AASHTO Product Evaluation & Audit Solutions CCR Committee Overview
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Annual Facility Audits

Components

• Yard Inspection 

• Manufacturing Process Evaluation 

• Review of AASHTO/ASTM Test Methods 

• Demonstration/Observation of Quality Control Tests 

• Traceability of Final Product

• Collection of Split Samples for Third Party Testing

Four Audits performed in 2023

AASHTO Product Evaluation & Audit Solutions CCR Committee Overview
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Sampling and Testing 

Minimum QMS Requirements

AASHTO Product Evaluation & Audit Solutions CCR Committee Overview
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Measurement/Test Frequency: Minimum Test Methods

Fiber Mass Content Once per Lot ASTM D2584

Glass Transition Temperature Once per Lot ASTM E1356

Ultimate Tensile Force Once per Lot ASTM D7205

Tensile Modulus of Elasticity Once per Lot ASTM D7205

Ultimate Tensile Strain Once per Lot ASTM D7205

Moisture Absorption (24hr) Once per Lot ASTM D570

Transverse Shear Strength Once per Lot ASTM D7617

Cross sectional Area Once per Lot ASTM D7205

Degree of Cure Once per Lot ASTM E2160

Alkaline Resistance* Annually (one lot, #5 or #6 bar) ASTM D7705 Pro.A

Bond Strength Annually ASTM D7913

Horizontal Shear Once per Lot ASTM D4475



Sampling and Testing

Audit Split Samples

AASHTO Product Evaluation & Audit Solutions CCR Committee Overview
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Product Test Property Test Methods

Ultimate Tensile Force ASTM D7205

Tensile Modulus of Elasticity ASTM D7205

Ultimate Tensile Strain ASTM D7205

Transverse Shear Strength ASTM D7913

Cross sectional Area ASTM D7205

Horizontal Shear Strength ASTM D4475

Manufacture Retainage for Audit
 25 Different Lot Samples, Five 80” bars each lot

Audit Sample Obtained from Retainage
 3 Different Lot Samples, Five 80” bars each lot
 



AASHTO Website

Datamine (restricted access)

– Audit Reports

– Sample Test Reports

Industry Document Repository (restricted access)

– Technical Information 

• Physical/Design Properties

– Environmental Product Declaration

– Buy America/BABA Documentation

Program Information 

– https://transportation.org/product-evaluation-and-audit-solutions/

AASHTO Product Evaluation & Audit Solutions CCR Committee Overview
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AASHTO Product Evaluation & Audit Solutions CCR Committee Overview
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W. Cabell Garbee, II, PE
NCDOT Manufactured Products Engineer
1801 Blue Ridge Road, Raleigh, NC  27607
cgarbee@ncdot.gov

Questions?


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9: CSA S6:19 (2019)
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: CSA S806-25 (2025)
	Slide 16: CSA S806-25 (2025)
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 1: ACI CODE 440.11-22
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Flexural Strength
	Slide 16: Strength Reduction Factors
	Slide 17: Shear Design Equations
	Slide 18: Moment Redistribution
	Slide 19: Column Design Philosophy
	Slide 20
	Slide 21: ACI Committee 440C – FRP RC Building Code
	Slide 22: ACI Committee 440C – FRP RC Building Code
	Slide 23: ACI DESIGN HANDBOOK
	Slide 24: ACI On-Demand Courses
	Slide 25
	Slide 1: Updating AASHTO Guide Specifications for GFRP Reinforced Concrete Structures – 2018
	Slide 2: AASHTO
	Slide 3: Planned update for 2025/26
	Slide 4: Planned update for 2025/26
	Slide 5: Planned update for 2025/26
	Slide 6: Planned update for 2025/26
	Slide 7
	Slide 1: Material Standards in FRP Concrete Reinforcement
	Slide 2: Table of Contents
	Slide 3: Preamble
	Slide 4: ICC-ES
	Slide 5: ICC-ES: FRP rebar relevant AC
	Slide 6: ICC-ES
	Slide 7: ICC-ES
	Slide 8: ICC-ES – What is next?
	Slide 9: ACI (excluding CODE)
	Slide 10: ACI
	Slide 11: ACI
	Slide 12: ACI
	Slide 13: ACI
	Slide 14: ASTM
	Slide 15: ASTM
	Slide 16: ASTM
	Slide 17
	Slide 18
	Slide 19: Gaps and Opportunities 
	Slide 20: Conclusions
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 1: AASHTO Product Evaluation and Audit Solutions Composite Concrete Reinforcements (CCR) Overview
	Slide 2
	Slide 3: CCR Committee
	Slide 4: Composite Concrete Reinforcements (CCR) 
	Slide 5: Quality Management System  
	Slide 6: Annual Facility Audits
	Slide 7: Sampling and Testing  
	Slide 8: Sampling and Testing 
	Slide 9: AASHTO Website
	Slide 10

