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Third International Workshop on FRP Bars for Concrete Structures  
(IW-FRPCS3)  

Workshop Theme: “Advances in concrete reinforcement” 
Date: August 3-4th, 2021 

  

 
 

DAY 2 Wednesday, August 4th  

Session 5: FRP Rebar Research Needs and Advancements (10:00-11:30am)  
(Gaps in Research & Latest Advances) 
RoundTable discussion preceded with 5-minute presentations by panelists. 

Moderator: Brahim Benmokrane (US) 
Panelists (5 mins) 

• New ACI Center of Excellence and future collaboration opportunities: David Lange (ACI NEx) 

• Endurance Limits – Creep Rupture & Fatigue: Antonio Nanni (UM) & Brahim Benmokrane 
(US) 

• Shear Reinforcement Strain limits: Abdeldjelil “DJ” Berlarbi (UH) 

• Flexural Resistance Factors: Carol Shield (UMN) 

• Ductility/Deformability Index: Ozzie Bayrak (UT-Austin) 

• Thermoplastic-rebar: Tomaso D’Antino (Polimi) 

• Nano-Rebar: Mahmoud Reda Taha (UNM) 

• NDT Inspection: Reza Zoughi (IASU) 
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David A. Lange, PE, Ph.D
NEx Executive Director

Emeritus Professor, University of Illinois

My first talk about NEx

Third International Workshop on FRP Bars for Concrete 
Structures (IW-FRPCS3)

Workshop Theme: “Advances in concrete reinforcement” 
August 3-4th, 2021



• April 18, 2018 -- Hearing held by 
Congressional Committee on Science, Space 
and Technology -- Subcommittee on Research 
and Technology.
• Topic:  How can we overcome barriers to use 

of composite materials in infrastructure.
• Lack of codes & standards:  “Adoption of 

advanced composite materials has been slow 
due in part to the presence of two dominant 
design paradigms in commercial construction 
– reinforced concrete and steel, but there will 
be numerous benefits from the integration of 
these newer materials.”
• … and engineering education that follows.

2018-19
My year as ACI President



ACI strategic planning --
innovation and vision



From ACI’s 2030 Report



From ACI’s 2030 Report



Partnership drives action

21 km long reinforced concrete flood mitigation channel 
reinforced with GFRP at the site of the Jazan Economic City 



What is an “ACI Center of  Excellence”?



Vision









Comments from previous speakers today about barriers:
“harmonization of codes”
“steel writes the rules”
“civil engrs are conservative … slow”
”industry has been at this a long time…it takes a village to innovate”



We are just getting started.
Join us!
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Carol Shield, University of Minnesota, USA

Ayman Okeil, Louisiana State University, USA

Flexural (and Shear) Resistance Factors
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• First calibration done in 2004

• At that point there were only two major FRP bar manufacturers

– Statistics for ffu_tested/ffu_guarenteed

Average between 1.1 and 1.2, COV between 4 and 12% (depends on bar size)

– Statistics for Ef_tested/Ef_nominal

Average 1.04, COV of 8% 

• Flexural test-to-predicted ratios from 62 tests in the literature

• Results f=0.55 for rebar rupture failures

f = 0.65 for concrete crushing failures

• Shear resistance factor was not calibrated at that time

History of calibration
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• Many more FRP bar manufacturers
– Different statistics (Ave and COV) for the different manufacturers

– How to chose bias an COV for calibration?

Challenges of Calibrations Today
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Analysis results of tensile strength, 𝑓𝑓𝑢, test data

Manufacturer
No. of 
Tests*

Bias COV

A 1,012 1.235 12.94%

B 38 1.191 5.35%

C 382 1.323 8.72%

D 34 1.122 4.17%

E 205 1.146 6.66%

F 292 1.155 5.13%

G 90 1.260 8.57%
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• Very limited published data on shear failures (especially with stirrups)
– Keeping only published data with measured material properties

• 57 tests with no stirrups

• 11 tests with stirrups

– Very large COV on this set of test data

Challenges of Calibrations Today
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No stirrups With Stirrups

N points 57 11

Min 0.68 0.78

Max 3.85 2.61

Ave 1.8 1.6

COV 31% 41%
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• Need more quality tests (especially for shear) 
– Measured material properties

– Report key parameters (like d and cover)

– Make sure other code requirements are met (like stirrup spacing no larger than d/2)

• Probably need to standardize more than one GFRP bar type
– Need to develop new standards in addition to ASTM D7957

– Would help to make bar properties more uniform between producers

Lessons Going Forward
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Redundancy

1

OGUZHAN BAYRAK, Ph.D., P.E.



Redundancy: You can Google that…

“…The state of being not or no longer needed or 
useful…”

“…Redundant does not mean repetitive. People 
sometimes get confused because the 're' in redundant 
suggests repetition. In fact, the word has a totally 
unrelated meaning. Redundant means unnecessary or 
superfluous…”
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Redundancy : Aspire Summer 2020
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Structural Redundancy

• The level of indeterminacy present in a structure
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Structural Redundancy

• The level of indeterminacy present in a structure
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Load Path Redundancy

6Picture Credit: Mark Bloschock 
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Alternate Load Path 1 Alternate Load Path 2

Load Path Redundancy



Load Path Redundancy
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Picture Credit: Mark Bloschock 
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Accidental Vehicle Strike High Torsional Stiffness and Strength

Load Path Redundancy



Internal Redundancy

10

@27% of Ultimate

@51% of Ultimate

@71% of Ultimate

@Ultimate

@25% of Ultimate

@49% of Ultimate

@73% of Ultimate

@Ultimate

Specimen without
Crack Control Reinforcement

Specimen with
Crack Control Reinforcement



LRFD | New Materials and Technologies

• Brittle (non-ductile), and less-ductile materials

• Appropriate load and resistance factor selection

• Implications on system reliability

11
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LRFD | New Materials and Technologies

Stress

Strain

Gr.60 Reinforcing Bar

270 ksi Strand | Carbon Steel

CFRP Strand

240 ksi Strand |Stainless Steel



LRFD | New Materials and Technologies
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a. Principle of Maximum Displacement b. Principle of Maximum Potential Energy
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Important Considerations

• Concrete bridges have been performing well

• As we introduce new materials and technologies, we 
must be careful about building in:
• Alternate load paths

• Trying to force ductile failure, where possible

• Use low f-factors, for brittle/undesirable failure modes

• It is hard (but not impossible) to improve already 
efficient, well-performing and durable systems (i.e. 
concrete bridges). We must think through all 
intended (e.g. increase durability by using flexible 
fillers) and unintended (e.g. inability to re-develop a 
strand if it experiences a wire break)
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Oguzhan Bayrak, Ph.D., P.E. 
Phil M. Ferguson Professor
Distinguished Teaching Professor
The University of Texas at Austin 

(512) 232-6409 –voice FSEL
(512) 232-7826 –voice campus
(512) 471-1944 –fax
(512) 965-2875 –mobile
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Tommaso D’Antino, Politecnico di Milano, Milan, Italy

Thermoplastic-rebar
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Thermoplastic-rebar
The Thermoplastic-rebar allows the diffusion and large-scale use of GFRP rebar in the 
construction sector. 

GFRP thermoplastic-rebars can be universally applicable exactly like steel rebars in 
today market:

1. Produced by GFRP manufacturer in standard straight rebars or coils (from make-to-
order to make-to-stock model)         shorter lead time from order to delivery on site

2. Shipped to bending and distribution centers (i.e actual steel rebar distribution and 
bending centers)          Optimized transportation costs and times

3. Bended with certified and automated bending machine:

• Same mechanical properties and durability of straight thermoset rebars
• Better quality of the bent
• Reduced bent radius of bent rebars
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Tensile testing (3 specimens)

Extensometer

TP rebar

Steel pipe

Failure load (avg) = 135 kN (30.30 kip)
Tensile strength (avg) = 1192 MPa (173 ksi)
Failure load (avg) = 135 kN (30.30 kip)
Tensile strength (avg) = 1192 MPa (173 ksi)
Elastic modulus (avg) = 61013 MPa (8849 ksi)

f = 12 mm
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Tensile testing after alkali exposure (3 specimens)

Extensometer

TP rebar

Steel pipe

Failure load (avg) = 115 kN (25.85 kip)
Tensile strength (avg) = 1017 MPa (148 ksi)

Failure load (avg) = 115 kN (25.85 kip)
Tensile strength (avg) = 1017 MPa (148 ksi)
Elastic modulus (avg) = 50100 MPa (7266 ksi)

Retained
85%
85%
82%

f = 12 mm

ph=13.5
60°C
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Fatigue (tensile) testing

Extensometer

TP rebar

Steel pipe

smin = 16 MPa (2.32 ksi)
smax = 160 MPa (23.21 ksi)

2A = 144 MPa (20.89 ksi)
R = 0.1

Pmin = 1.84 kN (0.41 kip)
Pmax = 18.41 kN (4.14 kip)

2A = 16.57 kN (3.72 kip)
R = 0.1

f = 10 Hz

3.100.000 cycles
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Thank you for your attention
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tommaso.dantino@polimi.it
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Dana Wood Materials and Structures Lab
The University of New Mexico

Nano FRP Bars
Mahmoud Reda Taha, PhD, PE, F. ASCE, FACI

Distinguished Professor & Chair
Department of Civil, Construction & Environmental Engineering 

University of New Mexico
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Dana Wood Materials and Structures Lab
The University of New Mexico

Introduction
• GFRP is an excellent structural material with a few limitations

• Limitations of GFRP includes
• limited shear strength
• Limited creep rupture and fatigue strengths
• Durability limitations due to UV exposure

• Almost all the above limitations are attributed to the relatively 
weak bond between the matrix and the glass fibers.

Presenter
Presentation Notes
In synthesizing C-S-H, three main components is used:  Lime, Fumed Silica and Deionized water.  However, to produce
Lime, it requires an additional process to make.
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Goal and Hypothesis

Our Goal is to improve mechanical properties of pultruded GFRP 
reinforcing bars using carbon nanotubes 

Our Hypothesis incorporating well dispersed carbon nanotubes in the 
polymer matrix prior to GFRP fabrication can overcome many of the 
current structural limitations of GFRP  
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Multi-Walled Carbon Nanotubes (MWCNTs)
COOH functionalized MWCNTs provided by Cheap-Tubes with 20-30 nm outer diameter, 5-10 nm inner
diameter, and length of 10-30 μm

S. Ganguli, H. Aglan, P. Dennig & G. Irvin. Effect of loading and surface modification of MWCNTs on the fracture behavior of epoxy nanocomposites. Journal of
Reinforced Plastics and Composites, 2006; 25(2), 175-188.
Kohlenstoffnanoroehre Animation. Digital image. Wikimedia, 29 Dec. 2004. Web. 10 May 2015.

Material
Young’s 
Modulu
s (GPa) 

Tensile 
Strength 

(GPa)

Density
(g.cm-3)

CNTs ~1000 ~100-200 ~0.7-1.7
Steel 210 1.3 7.8

Carbon fibers 230 3.5 1.75

Pultruded Nano-modified GFRP bars
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Non uniform 
composite

2 hours Magnetic Stirring at 80°C1 hours ultrasonication at 60°C 

Uniform 
composite

Vinylester resin
Methyl Ethyl Ketone Peroxide

Pultruded Nano-modified GFRP bars
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Pultruded Nano-modified GFRP bars
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Temperature 
control

Glass Fiber Spools

Heat adjustable die
Finished  #3 GFRP rebar

Pull motor with 
speed control

Temperature in the die – 150℃,
Pulling speed – 4mm/sec

Pultruded Nano-modified GFRP bars
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NmFRPPultruded Nano-modified GFRP bars
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Tension Test

Pultruded Nano-modified GFRP bars
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NEAT GFRP
Significant broom

2.0wt.% Pristine GFRP
Significant broom

0.5wt.% -COOH GFRP
No broom

Pultruded Nano-modified GFRP bars
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Short Beam Test 
Pultruded Nano-modified GFRP bars
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Pultruded Nano-modified GFRP bars
SEM & FTIR
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Dana Wood Materials and Structures Lab
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Conclusions
• Incorporating functionalized MWCNTs improved the tensile strength of GFRP reinforcement 

bar by up to 20% and improved GFRP shear strength by 111% with an evident change of 
GFRP failure mode.

• The new GFRP can be used for full or part of bar (e.g., for anchorage, bent areas) to improve 
shear strength and prevent premature failure. 

• It is possible to produce Nano GFRP bars with improved shear strength using 0.5% 
MWCNTs. Lower content is also possible and to be investigated. The new bars might have a 
15% increase in cost

• We have performed additional research and showed that MWCNTs can also
– Improve fatigue strength
– Enhance UV resistance
– Improve creep rupture strength
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Patent
Nano FRP bar work performed in collaboration with 

Dr. Rahulreddy Chennareddy – Dibble Engineering, Phoenix, Arizona
Dr. Amr Riad, Department of Civil Engineering, Al-Azhar University, Cairo, Egypt
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Dana Wood Materials and Structures Lab
The University of New Mexico

Publications
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Dana Wood Materials and Structures Lab
The University of New Mexico

Acknowledgment taha.unm.edu
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The University of New Mexico

Thank you
Questions: Email  mrtaha@unm.edu

taha.unm.edu

mailto:mrtaha@unm.edu
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Microwave Evaluation of GFRP 
(Dielectric) Rebars
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Director: Center for Nondestructive Evaluation (CNDE)

CNDE
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Attributes of Microwave NDE

• Research focused on microwave NDE for the past 30+ years, in 
particular in the area f high-resolution, real-time and portable 
SAR imaging systems for NDE.

• High-frequency signals - penetrate concrete structures and 
interact with their internal structures.

• SAR imaging provides for real-time, high-resolution and 3D 
images of concrete structures.

• Dielectric property contrast is the foundation of detection and 
property evaluation – concrete vs. steel, FRP and basalt 
rebars.

CNDE
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Ku-Band (12.4-18 GHz) Results

CNDE
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Glass Rebars Panel – ¾” Aggregates

Approx. scan area

CNDE
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SAR Images at G-Band (3.95-5.85 GHz)
Surface 1” Deep 2” Deep

2” Deep with 
3/8 ” Aggregates

CNDE
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Antenna

Array

Source Board
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CNDE
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Future

• TRL has already been improved over the past two decades.

• Need advocate/sponsor/partner and resources to bring to in-
field testing level.

• Work with interested agencies to optimize and improve 
capabilities as per the needs and requirements.

• Has the potential to be an impactful technology to address 
issues related to non-metallic reinforcements – detection, 
damage assessment, unexpected movement, etc. 

CNDE
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