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INTRODUCTION:
What Corrosion Resistant Materials (CRM) are available ?

Stainless Steel
Fiber Reinforced 
Polymers (FRP)

CRM

Glass 
(GFRP)

Carbon 
(CFRP)



Introduction - Using CRM in Prestressed Concrete 
Components

• Benefits 
• Lower life cycle costs including reduced Maintenance Costs

• Reduced concrete cover (FRP)

• Longer structure life

• Disadvantages
• Higher Initial Cost (Both HSSS & FRP)

• Availability & Time (Both HSSS & FRP)

• Dissimilar metals 

• FRP bars cannot be Field Bent



Strand Types:

1. Carbon Steel Strands

2. Stainless Steel Strands

3. Carbon Fiber Reinforced Polymer Strands (CFRP)
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PART 1: 

HSSS 
Strands



Design and Construction of Precast Piles with 
Stainless Steel Reinforcing

❑Done USF in 2014, Additional Follow Up Testing done by 
FDOT SRC 2017 – 2018

❑Research Project Objective:
❑ Evaluate 3 Different Stainless Steel Materials to identify a 

suitable Stainless Steel Strand
❑ Grade 316 SS, XM-29 & Duplex 2205

❑Testing & Evaluation Included:
❑ Structural Capacity
❑ Long-term Relaxation
❑ Corrosion Resistance
❑ Field Fabrication
❑ Cost Comparison

❑Final Conclusions & Recommendations:
❑ Use Duplex 2205

Stainless Steel Strands for Prestressed Concrete 
Girders
❑Done FSU, Completed in 2020 

❑Research Project Objective:
❑Strength, Ductility & Deformability using HSSS strand PS 

Girders
❑Evaluate Shear Using CRM Bars

❑Testing & Evaluation Included:
❑Structural Capacity: Flexure & Shear Testing of 13 

AASHTO Type II girders
❑Material Testing of 0.62” Dia. Strand
❑Transfer length

❑Final Conclusions & Recommendations:
❑Means & Methods same as CS Strands 
❑Phi for flexure = 0.75, stress-strain curve was developed
❑Min. Reinforcing Limits

Completed
Research

Completed
Research



ASTM →
Spring 
2020

FDOT Specs →
Updated for 

Jan. 2022 Book

SDB →
June 2021

SDM →
January 

2022

FDOT Beam 
Program →

Fall 2021

FDOT Standard 
Plans → Future
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FDOT Beam Program 
– Previous Versions

FDOT Beam Program 
– Previous Versions

…
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FDOT Beam 
Program v. 6.0

FDOT Beam 
Program v. 6.0

Only 1 MathCAD file

1



FDOT Beam 
Program v. 6.0

FDOT Beam 
Program v. 6.0



FDOT Beam 
Program v. 6.0

FDOT Beam 
Program v. 6.0

From SDB (2021) 
& SDG (2022 Release)

Release Date is Still 
Pending but Working 

Version Available 
Upon Request



Design Example: 
HSSS strands

Design Example: 
HSSS strands



• Beam Type: FIB36 (See Standard Plans & Instructions of Index 450-036) 

• Beam Spacing: 8’-0”, Number of Beams: 5

• Span Length: 85’-0” 

• Extremely Aggressive Environment

• Using 0.62” Dia HSSS strands w/ Grade 75 SS mild reinforcing

• Run FDOT Beam Program Version 6.0

Design Example: 
HSSS strands

Design Example: 
HSSS strands



Design Example: 
HSSS Strands

Design Example: 
HSSS Strands



Carbon Steel 
Strands = 35
Carbon Steel 
Strands = 35

HSSS 
Strands = 45

HSSS 
Strands = 45

Required 10
Additional strands



What about SHEAR design?

➢Stirrups & Interface Shear → Can swap One for One with CS

➢FDOT Standard Beam End Reinforcement → No Change

≈



Carbon Steel Strands HSSS Strands

Diameter, db 0.6 inch 0.62 inch

Area, Aps 0.217 sq. inch 0.231 sq. inch

Modulus of elasticity, Ep 28,500 ksi 24,000 ksi

Ultimate tensile stress, fpu 270 ksi 240 ksi

Yield strength, fpy 243 ksi (90% fpu) 216 ksi (90% fpu)

Jacking stress, fpj 202.5 ksi (75% fpu) 156 ksi (65% fpu)

Effective stress after losses, fpe 181 ksi (67% fpu) 134 ksi (56% fpu)

Effective prestressing force per strand 39 kips 31 kips

Total number of strands 35 45

Service III Stress D/C Ratio 0.97 0.99

Strength LS Flexural D/C Ratio 0.85 0.92

Nominal flexural capacity, Mn 6222 k-ft 7785 k-ft

Factored flexural capacity, fMn 6222 k-ft (f =1.00) 5839 k-ft (f =0.75)

CFRP Strands

Design Example: 
HSSS strands

Design Example: 
HSSS strands



PART 2: 

CFRP 
Strands
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Outline

• Design Example Comparison 

• Designer Guidance and Tools

• Review Background & Research

3

#3 FDOT Vital Few
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Design Example
Comparison
(continued)

Design Example
Comparison
(continued)
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• Beam Type: FIB36 (See Standard Plans & Instructions of Index 450-036) 

• Beam Spacing: 8’-0”, Number of Beams: 5

• Span Length: 85’-0” 

• Extremely Aggressive Environment

• Using 0.60” Dia. CFRP strands with GFRP shear reinforcing

• Run FDOT Beam Program Version 6.0

Design Example 
Comparison
(continued)

Design Example 
Comparison
(continued)

PART 2 – CFRP Strands  



Carbon Steel 
Strands = 35
Carbon Steel 
Strands = 35

HSSS Strands = 
45

HSSS Strands = 
45

Required 10
additional strands

CFRP Strands = 
35

CFRP Strands = 
35

Requires same # as 
steel strands – BUT 
NOT ALWAYS THE CASE

PART 2 – CFRP Strands  



Carbon Steel Strands HSSS Strands CFRP Strands

Diameter, db 0.6 inch 0.62 inch 0.6 inch (15.2mm CFCC)

Area, Aps 0.217 sq. inch 0.231 sq. inch 0.179 sq. inch

Modulus of elasticity, Ep 28,500 ksi 24,000 ksi 22,400 ksi

Min. Strain at Rupture, epu > 3.5% > 1.4% > 1.6 %

Ultimate tensile stress, fpu 270 ksi 240 ksi 369 ksi

Yield strength, fpy 243 ksi (90% fpu) 216 ksi (90% fpu) n/a

Jacking stress, fpj [Force-kips] 202.5 ksi (75% fpu) [44] 156 ksi (65% fpu) [36] 246 ksi (66.6% fpu) *  [44]

Effective stress after losses, fpe 181 ksi (67% fpu) 134 ksi (56% fpu) 216 ksi (59% fpu)

Effective prestressing force per strand 39.3 kips 31.0 kips (1085 kips) 38.7 kips 

Total number of strands 35 45 35

Service III Stress D/C Ratio  (3√f’c.psi) 0.97 0.99 0.99  (~0.50 if using 6√f’c)

Strength I & II Flexural D/C Ratio  @ midspan

Along span (approx. 20-ft from ends)  

0.81
0.85

0.86
0.92

0.92
0.92

Nominal flexural capacity, Mn 6222 k-ft 7785 k-ft 7293 k-ft

Factored flexural capacity, fMn @ midspan 6222 k-ft (f =1.00) 5839 k-ft (f =0.75) 5470 k-ft (f =0.75)

Design Example 
Comparison 

(cont.)

Design Example 
Comparison 

(cont.)

*  Up to 70% fpu permitted

GOVERNS



Carbon Steel Strands HSSS Strands CFRP Strands

Total number of strands 35 45 35

Beam Camber at release 1.5 inches 1.35 inches 1.5 inches

Final Net Camber at 120 days 1.0 inches 0.8 inches 1.1 inches

Shear Stirrups (@ critical section) #5’s @ 9” sp.
(Gr.60)

#5’s @ 10” sp. 
(Gr.75)

#5’s @ 2.75” sp.
(GFRP - FDOT 932-3)

Factored Maximum, fVc 138 kips (f =0.90) 133 kips  (f =0.90) 115 kips  (f =0.75)

Design Example 
Comparison 

(cont.)

Design Example 
Comparison 

(cont.)

Shear Resistance may 
limit some designs using 
GFRP reinforcement

PART 2 – CFRP Strands  



Design guidance

• AASHTO Guide Specifications,
published in 2018

• Design of Concrete Bridge Beams 
Prestressed with CFRP Systems
• FDOT Spec 933-1.3 for CFRP strand

• Design Guide Specifications for 
GFRP-Reinforced Concrete
• FDOT Spec 932-3/ASTM D7957 for 

GFRP Rebar, published in 2017

9

AASHTO CFRP-1
Only addresses CFRP 
prestressing strands in 
design 

AASHTO GFRP-2:
FDOT is using this 
design criteria for 
Auxiliary Reinforcing  

PART 2 – CFRP Strands  



Design guidance and tools – Flexural Design

• Flexural Design Highlights
• Use only 0.60” dia. CFRP 7-strand (CFCC) 

• Limit jacking force to 44 kips [FRPG 2022]

• Use Strain compatibility

• Resistance Factor 0.75 for both 
compression-controlled and tension-
controlled design

• Tension limit at Service III is 0.19 √f’c (ksi)

• Strength Limit State will often govern. 

10

CFRP (CFCC) 
7-strand
configuration

Similar to
traditional 
Steel and new 
HSSS strand

CFRP Bars 
(single strand)
configuration

Do Not Use for Prestressed Beam Design



Design guidance and tools – Flexural Design

• Flexural Design Highlights
• Use 0.60” dia. CFRP 7-strand 

• Limit jacking force to 44 kips [FRPG 2022]
• AASHTO CFRP-1 allows up to 70% fpu , but 

with new 369 ksi nominal strength for CFCC 
the max. value (46.2 kips) is great than that 
allowed for 0.6” dia. steel strand (ASTM A416, 
270 ksi) which are used for coupling, stressing, 
and anchoring.

• This is 66.5% fpu jacking stress, but it is 
recommended to just show the force (in kips).

11
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Design guidance and tools – Flexural Design

• Flexural Design Highlights
• Use 0.60” dia. CFRP 7-strand 

• Limit jacking force to 44 kips

• Strain compatibility

12
PART 2 – CFRP Strands  

CFRP strand



Design guidance and tools – Flexural Design
• Flexural Design Highlights

• Use 0.60” dia. CFRP 7-strand 

• Limit jacking force to 44 kips

• Strain compatibility

• Tension limit at Service III is 0.19 √f’c (ksi)

• Strength Limit State will often govern.

• Resistance Factor f = 0.75, for both 
compression-controlled and tension-
controlled designs 

13

No transition to 
tension-controlled



Design guidance and tools – Shear Design

• Transverse Shear Design Highlights
• AASHTO CFRP-1 does not address FRP 

shear stirrups, so modifications need to 
be applied to the provisions based on 
AASHTO GFRP-2

14
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Design guidance and tools – Shear Design

• Transverse Shear Design Highlights
• Use Shear resistance factor f = 0.75 (not 

0.90) for GFRP stirrups

• Use General Procedure (MCFT)

• Limit maximum stirrup spacing to 0.5d (not 
0.8dv)

15

𝑉𝑟 = 𝜙𝑉𝑛

Nominal Shear 
Resistance

Factored Shear 
Resistance Resistance factor

AASHTO CFRP-1 [1.8.2.1]  → AASHTO BDS [5.5.4.2]

for shear and torsion in 
monolithic prestressed 
concrete sections having 
bonded strands or tendons 
(Steel)

𝜙 = 0.90

but AASHTO GFRP-2 Spec [2.5.2.2]

Use this value - Conservative 
for now until NCHRP 12-121 
completed

𝜙 = 0.75

PART 2 – CFRP Strands  



Design guidance and tools – Shear Design

• Transverse Shear Design Highlights
• Use Shear resistance factor 0.75 (not 

0.9) for GFRP stirrups

• Use General Procedure (MCFT)

16

𝑉𝑛 = 𝑉𝑐 + 𝑉𝑓 + 𝑉𝑝
𝑉𝑛 = min.

𝑉𝑛 = 0.25𝑓𝑐
′𝑏𝑣𝑑𝑣 + 𝑉𝑝

Contribution by concrete 𝑉𝑐 = 0.316𝛽λ 𝑓𝑐
′𝑏𝑣𝑑𝑣

Contribution by transverse reinforcement

𝑉𝑓 =
𝑓𝑓𝑣𝐴𝑣𝑑𝑣𝑐𝑜𝑡𝜃

𝑠

Contribution by prestressing
force in the direction of the 
shear force (𝑉𝑝 = 0 for straight 
strands)

Nominal Shear Resistance

Avoids crushing in the web prior 
to reaching strength limit for 
stirrups

PART 2 – CFRP Strands  



Design guidance and tools – Shear Design

• Transverse Shear Design Highlights
• Use Shear resistance factor 0.75 (not 0.9) for 

GFRP stirrups

• Use General Procedure (MCFT)

• 0.8dv)

17

Contribution by GFRP transverse 
reinforcement

𝑉𝑓 =
𝑓𝑓𝑣𝐴𝑣𝑑𝑣𝑐𝑜𝑡𝜃

𝑠

𝑓𝑓𝑣 = min 0.004𝐸𝑓, 𝑓𝑓𝑏

𝑓𝑓𝑏 = 𝜙𝑏𝑒𝑛𝑑𝑓𝑓𝑑

𝜙𝑏𝑒𝑛𝑑 = 0.3 + 0.05
𝑟𝑏

𝑑𝑏
or 0.60 

for FDOT per Spec. 932-3

0.004𝐸𝑓 = 26 𝑘𝑠𝑖

(Typically Governs!)

Note: 
For I-Beams (FIB & AASHTO 
Type II), designer may need 
to pair Bars K to meet the 
shear resistance with GFRP 
stirrups since approx. 1/3rd

the factored contribution of 
steel stirrups. 



Design guidance and tools – Shear Design

• Transverse Shear Design Highlights
• Use Shear resistance factor 0.75 (not 0.9) for 

GFRP stirrups

• Use General Procedure (MCFT)

• Limit maximum stirrup spacing to 0.5d (not 
0.8dv)

18

𝑠𝑚𝑎𝑥 = 𝑚𝑖𝑛(0.8𝑑𝑣 , 24") for vu < 0.125 f’c AASHTO BDS [5.7.2.6] 

𝑠𝑚𝑎𝑥 = 𝑚𝑖𝑛(0.5𝑑 , 12")

Steel Stirrups:

GFRP Stirrups: AASHTO GFRP-2 [2.7.2.6]

Additional GFRP stirrups will be required 
compared to steel stirrups

FSB: Additional stirrups (shown in orange) will 
be required for GFRP compared to steel.

PART 2 – CFRP Strands  



Design guidance and tools – Shear Design

• Interface Shear Design Highlights
• AASHTO CFRP-1 does not address, 

but interface shear resistance 
section, but generally refers back to 
BDS.

• Recommend using GFRP-2 [2.7.4] 
provisions with Shear resistance 
factor f = 0.75 (not 0.90)

• Note that ffd should include the 
reduction factor for bent bars.

19

𝑉𝑛𝑖 = 𝑐𝐴𝑐𝑣 + 𝜇 𝐴𝑐𝑓𝑓𝑓𝑑 + 𝑃𝑐𝑉𝑟𝑖 = 𝜙𝑉𝑛𝑖

area of reinforcement crossing the shear planePART 2 – CFRP Strands  



Design guidance and tools – Shear Design

• Interface Shear Design Highlights
Includes 

reduction factor 
due to bends

20
PART 2 – CFRP Strands  



Design guidance and tools – Beam End Zone

• Confinement Reinforcing
• CFRP-1 defaults back to BDS

• Due to lower stiffness of GFRP 
stirrups we may need to increase 
size or reduce spacing to control 
crack size – Contact SDO for 
Guidance!

21

✓ For the distance of 1.5d from the end of the beams other than box beams,
reinforcement shall be placed to confine the prestressing steel [CFRP] in the
bottom flange. The reinforcement shall not be less than No. 3 deformed bars, with
spacing not exceeding 6.0 inch and shaped to enclose the strands

✓ For box beams, transverse reinforcement shall be provided and anchored by
extending the leg of stirrup into the web of the girder



Design guidance and tools – Beam End Zone

• Confinement Reinforcing
• CFRP-1 defaults back to BDS

• Due to lower stiffness of GFRP stirrups we may need to increase size or reduce 
spacing to control crack size – Contact SDO for Guidance!

22

FIB-36 (Index 450-036) Example:



Design guidance and tools – Beam End Zone

• Splitting Reinforcing
• CFRP-1 defaults back to BDS, but SDG 4.3.1 requires a more conservative approach 

for single-web beams.

23



Design guidance and tools – Beam End Zone

• Splitting Reinforcing
• CFRP-1 defaults back to BDS

• Due to lower stiffness of GFRP stirrups we may need to increase size or 
reduce spacing to control crack size – Contact SDO for Guidance!

24

FIB-36 (Index 450-036) Example:



More Design guidance

• Design Guidance

25

Note: Additional clarification is 
needed on how to design for 
FRP shear stirrups & end zones

https://www.fdot.gov/structures/structuresmanual/currentrelease/structuresmanual.shtm

DRAFT

PART 2 – CFRP Strands  

https://www.fdot.gov/structures/structuresmanual/currentrelease/structuresmanual.shtm


Design guidance and tools

• Materials & Construction

26

https://mac.fdot.gov/smoreports

https://www.fdot.gov/programmanagement
/Implemented/SpecBooks/default.shtm

Sections 415, 450, 932-3 & 933 

PART 2 – CFRP Strands  

https://mac.fdot.gov/smoreports
https://www.fdot.gov/programmanagement/Implemented/SpecBooks/default.shtm


Design guidance and tools

• FDOT Design Software

27
https://www.fdot.gov/structures/proglib.shtm

V6.0 includes selections for:
a) HSSS or CFRP prestressing strands
b) SS or GFRP shear reinforcing

https://www.fdot.gov/structures/proglib.shtm


Review Background & Research

• AASHTO Design Guide 
Specifications for GFRP-RC

• AASHTO Design Guide 
Specification for CFRP-PC Beams

28

Shear Design

PART 2 – CFRP Strands  



• Ongoing Research
• NCHRP 12-121 Guidelines for the Design of Prestressed Concrete Bridge 

Girders Using FRP Auxiliary Reinforcement 

29

Review Background & Research

PART 2 – CFRP Strands  

https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4965


• FRP-Design Innovation

30https://www.fdot.gov/structures/innovation/FRP.shtm
PART 2 – CFRP Strands  

Where to find more CFRP-PC info & training

https://www.fdot.gov/structures/innovation/FRP.shtm


Where to find more CFRP-PC training

31

https://www.fdot.gov/structures/innovation/FRP.shtmPART 2 – CFRP Strands  

https://www.fdot.gov/structures/innovation/FRP.shtm


Design of Pretensioned Concrete Bridge Elements with
Carbon Fiber-Reinforced Polymer (CFRP) Systems

Abdeldjelil Belarbi, PhD, PE, FACI, FASCE, FSEI
Distinguished Professor 
University of Houston

belarbi@uh.edu

32

2020 Training on CFRP-Prestressed 
Concrete Design for Beams and Piles

6-Hour Recorded Webinar Course
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Questions

Contact Information

33

Steven Nolan, P.E.

FDOT State Structures Design Office,
605 Suwannee St, Tallahassee, FL. 32399
Steven.Nolan@dot.state.fl.us

Vickie Young, P.E.

FDOT State Structures Design Office,
605 Suwannee St, Tallahassee, FL. 32399
Vickie.Young@dot.state.fl.us

mailto:Steven.Nolan@dot.state.fl.us
mailto:Vickie.Young@dot.state.fl.us


FDOT Implementation - FRP-RC/PC Projects

34

FRP-PC Piles & RC projects:
Arthur Drive over Lynn Haven Bayou **

Bakers Haulover Cut Bulkhead Replacement **

Cedar Key Bulkhead Rehab **

Halls River Bridge **

NE 23rd Ave over Ibis Waterway

PortMiami Tunnel Retaining Walls **

South Maydell Dr over Palm River

SR-A1A Flagler Beach Seawall (Segment 3) **

SR-5 (US-17) over Trout River **

SR-5 (US 41) over Morning Star and Sunset 
Waterways

SR-5 (US 41) over North Creek

SR-30 over St Joe Inlet

SR-312 over Matanzas River **

SR-520 over Indian River Bulkhead Rehab

Sunshine Skyway Seawall Rehabilitation **

UM Innovation Bridge **

UM Fate Bridge **

UM i-Dock ** ** completed

Sample Projects -
Current & Completed 

in Florida

FSB FRP-PC projects:
Construction completed:

• US-1 over Cow Key Channel **

Under construction:

• 40th Ave NE over Placido Bayou

• Observation Platform under US-1/ 
Loxahatchee River  (Jupiter Inlet) - SS or FRP.

In design:

• Observation Platform under SR-A1A North 
Beach Causeway (St Lucie) - SS or FRP.

• SR 5/US 1 Over Earman River Canal 

• CR30A over Western Lake

PART 2 – CFRP Strands  

https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430463-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-433378-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-432194-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430021-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-434359-1.pdf?sfvrsn=175168c2_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-251156-3.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-maydell-dr.pdf?sfvrsn=87512c98_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts-440557-7.pdf?sfvrsn=73e5bc6a_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-426169-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-426169-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-435390-1.pdf?sfvrsn=7f740ba8_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-433550-3.pdf?sfvrsn=2406c6e3_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-435815-1.pdf?sfvrsn=2832a310_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-428229-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-440969-1.pdf?sfvrsn=666f799a_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-437973-1.pdf?sfvrsn=deb56bfe_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-innovationbridge-um.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-fatebridge-um.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-i-dock.pdf?sfvrsn=86971c8d_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-441740-1.pdf?sfvrsn=3ad8ac17_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-443600-1.pdf?sfvrsn=8a3d9961_2


Design guidance and tools – Beam End Zone

• ADDITIONAL SLIDES for Confinement 
and Splitting Reinforcing Details

(Detailing issues)

35
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#3 GFRP ~ 2 1/4” dia. bend
(as drawn)

Design guidance and tools – Beam End Zone
• Confinement Reinforcing – AASHTO Type II: GFRP Modification for 

concrete cover
• Using typical #3 Bars D.

• Note GFRP Bars require larger radius (See Index 415-010) than steel (Index 415-001)

36

Steel Stirrup
Bends

GFRP Stirrup
Bends

AASHTO Type II 
Example

CONFLICT with 
2” cover



#3 GFRP Bars D
at standard spacing.

Design guidance and tools – Beam End Zone

• Confinement Reinforcing – Type II GFRP Modification concrete cover
• Using #3 Bars D.

• Also, using 3” spacing is possible for increased confinement stiffness, but may not 
be necessary with limited strands (13) as shown in BVD30 977-22.
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AASHTO Type II 
Example



#3 GFRP = 2 ¼” dia. bend
(as drawn)

#4 GFRP = 3” dia. bend → STRAND 
CONFLICT unless cover is reduced

Design guidance and tools – Beam End Zone

• Confinement Reinforcing – GFRP Modification (FIB Option) to increase 
stiffness
• Upsize Bars C & D from #3’s to #4’s.

• Note GFRP Bars require larger radius (See Index 415-010) than steel (Index 415-001)

• Spacing closer than 3½” not a realistic option for FIB Beams.

38

Steel Stirrup Bends

GFRP Stirrup
Bends

FIB Example



Design guidance and tools – Beam End Zone

• Confinement Reinforcing – GFRP Modification (FSB Option 1) stiffness
• Could upsize Bars D & K from #4’s to #5’s, but conflicts with bottom corner strands for 

several FSB widths W = 49”, 53”, & 57” – Not Recommended.

• Will need to Shift Strands N location due to conflict with Bars D.
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Steel Stirrup Bends

GFRP Stirrup
Bends

#4 GFRP = 
3” dia. bend

FSB12 Example

Current Standard Index 
Strand N position

Align, Strands N 
with 2nd

outermost 
strands

Modified Strand N 
position for GFRP

Conflict



Design guidance and tools – Beam End Zone
• Confinement Reinforcing – GFRP Modification (FSB Option 2) stiffness

• Keep Bars D & K as #4’s, but add 2 additional rows of Bars K (closer spacing) as a 
better option for FSBs

• Will need to Shift Strands N location due to conflict with Bars D.

40#4 GFRP = 
3” dia. bend

FSB12 Example

Align, Strands 
N with 2nd

outermost 
strands

Modified Strand N 
position for GFRP

ELEVATION VIEW - Modified End Spacing for Bars K

Add 2 more rows of Bars K at end ~ 
3” spacing for Confinement

Remainder of Bars K 
usually tighter spacing to 
meet max. shear spacing  

Preferred Solution



Design guidance and tools – Beam End Zone
• Confinement Reinforcing – GFRP Modification (FSB Option 2) continued:

• Keep Bars D & K as #4’s, but add 2 additional 
rows of Bars K (closer spacing).

• Will need to Shift Strands N location due to conflict with Bars D.

41
Bars 4K

FSB12 Example

PARTIAL SECTION VIEW TOP VIEW - Modified End Spacing for Bars K

Add 2 more 
rows of Bars K 

Preferred Solution



Design guidance and tools – Beam End Zone

• Splitting Reinforcing – GFRP Modification Option if needed
• Could upsize Bars D & K from #5’s to #6’s, but conflicts with center strand in 

second row unless web concrete cover is slightly reduced
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FIB-36 (Index 450-036) Example:

#5 GFRP = 3 ¾”  dia. 
Bend (as drawn)

#6 GFRP = 4 ½” dia. bend → STRAND 
CONFLICT unless cover in web is reduced

PART 2 – CFRP Strands  



Design guidance and tools – Beam End Zone

• ADDITIONAL SLIDES Shear Design

(Maximum & Minimum Shear Reinforcing)
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PART 2 – CFRP Strands  



Design guidance and tools – Shear Design

• Transverse Shear Design Highlights
• Use Shear resistance factor 0.75 (not 0.9) for 

GFRP stirrups

• Use General Procedure (MCFT)

• Provide at least the Minimum Transverse 
Shear Reinforcing

• Limit maximum stirrup spacing to 0.5d (not 
0.8dv)
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𝑓𝑓𝑣 = min 0.004𝐸𝑓, 𝑓𝑓𝑏𝐴𝑣,𝑚𝑖𝑛 = 0.05
𝑏𝑣𝑠

𝑓𝑓𝑣

AASHTO GFRP-2 [2.7.2.4]

𝐴𝑣,𝑚𝑖𝑛 = 0.0316λ 𝑓𝑐
′
𝑏𝑣𝑠

𝑓𝑦𝑓𝑓𝑣 AASHTO BDS [5.7.2.5] 
alternate modification
Possible in future

0.004𝐸𝑓 = 26 𝑘𝑠𝑖

(Typically Governs!)

PART 2 – CFRP Strands  



Design guidance and tools – Shear Design

• Transverse Shear Design Highlights
• Use Shear resistance factor 0.75 (not 0.9) for 

GFRP stirrups

• Use General Procedure (MCFT) – However, 
GFRP-2 [2.7.2.5] has a more conservative 
limit for 𝑉𝑓 maximum contribution. 

• Provide at least the Minimum Transverse 
Shear Reinforcing

• 0.8dv)
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Maximum Contribution by transverse 
reinforcement

𝑉𝑓.𝑚𝑎𝑥 = 0.25 𝑓𝑐
′ 𝑏𝑣𝑑𝑣

FDOT Beam Program v6.0, includes this limit:

May be too restrictive for web crushing limit
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