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Summary
The FDOT Structures Manual now encourages the use of Fiber-Reinforced 
Polymer (FRP) reinforcing for certain concrete bridge elements located in the 
splash zone of extremely aggressive environments. Pile bent caps are one of 
the more common bridge elements requiring this design approach. This 
presentation will summarize the design of Glass FRP reinforced concrete 
using a typical intermediate pile bent cap example and FDOT’s Mathcad Bent 
Cap Program v1.0.
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#3 FDOT Vital Few

Learning objectives
• Awareness of FDOT’s Mathcad Bent Cap Design Program v1.0 capabilities and 

limitations.

• Awareness of GFRP reinforced concrete design for Flexural and Shear Limit States.

• Understanding of Pile Bent Cap reinforcing strategies for Glass Fiber-Reinforced 
Polymer (GFRP) bars. 



Outline

• Design Guidance for GFRP-RC

• Design Tools for GFRP-RC

• Flexural Design Limit States:
• Strength
• Service – Crack Control
• Service – Sustained Load
• Fatigue 

• Shrinkage & Temperature Reinforcing Design

• Shear Design

• Review: Design guidance & resources

• Where to find more FRP-RC training 
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#3 FDOT Vital Few

GFRP = Glass Fiber-Reinforced Polymer
BFRP = Basalt Fiber-Reinforced Polymer



Design guidance for Bridges

• AASHTO LRFD Bridge Design Guide Specifications for 
GFRP-Reinforced Concrete, 2nd Edition (2018)

• Supplemented by
• FDOT Structures Manual – Volume 4, FRP Guidelines, 

Chapter 2 for BFRP & GFRP Rebar

• Use associated Material Specifications
• FDOT Spec 932-3 for BFRP & GFRP Rebar (Material Specs)

• Similar to ASTM D7957 for GFRP Rebar, (2017)
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https://www.fdot.gov/structures/structuresmanual/currentrelease/structuresmanual.shtm


Design guidance for Buildings (FYI only)

• ACI CODE-440.11-22: Building Code 
Requirements for Structural Concrete Reinforced 
with Glass Fiber-Reinforced Polymer (GFRP) 
Bars—Code and Commentary (2022)

• Uses associated Material Specifications
• ASTM D7957 for GFRP Rebar, (2017)
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Design Tools for GFRP-RC Design

• FDOT Design Software
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https://www.fdot.gov/structures/proglib.shtm

• Bent Cap v1.0 – Includes GFRP 
11/1/2018.

• Retaining Wall v4.0 – Added 
GFRP 12/10/2019.

• PS Beams v6.2 – Added CFRP-
PC/GFRP in v6.0, 10/1/2021.

• Box Culvert v5.2 - Added GFRP 
in v5.0, 5/26/2022.

https://www.fdot.gov/structures/proglib.shtm
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Design Tool for GFRP-RC Design • Bent Cap v1.0

• Previously introduced this Mathcad Program at the 2016 FDOT Design Training Expo



Design Tool for GFRP-RC Design
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https://www.fdot.gov/structures/proglib.shtm

• Bent Cap v1.0

Flow Chart

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


Design Tool for GFRP-RC Design
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• Bent Cap v1.0

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

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


Design Tool for GFRP-RC Design
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• Bent Cap v1.0

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

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


Design Tool for GFRP-RC Design
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• Bent Cap v1.0

• Part 4  is intended for 
preliminary design of Precast 
Bent Cap connections with 3 
options.

Part 4 will not be covered in this 
presentation.

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

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


Design Example for Intermediate Pile Bent Cap
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• Inputs - Superstructure
• 0 skew

• Girder = FIB-36 @ 9’ 
spacing  (5 total)

• Haunch 1”  (average)

• Barrier Height = 36” 
(single-slope) 430 plf

• Slab = 8.5” (includes 
0.5” sacrificial)

• Back Span = Forward 
Span = 87.67’

• Curb-Curb width = 40’

• Distance Coping to 
Roadway Edge = 1.333’

• No Wearing Surface

• Additional DL (SIP 
Forms)

• Int Beam = 100  plf

• Ext Beam = 50 plf



Design Example for Pile Bent Cap
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• Inputs - Superstructure
• 0 skew

• Girder = FIB-36 @ 9’ 
spacing  (5 total)

• Haunch 1”  (average)

• Barrier Height = 36” 
(single-slope) 430 plf

• Slab = 8.5” (includes 
0.5” sacrificial)

• Back Span = Forward 
Span = 87.67’

• Curb-Curb width = 40’

• Distance Coping to 
Roadway Edge = 1.333’

• No Wearing Surface

• Additional DL (SIP 
Forms)

• Int Beam = 100  plf

• Ext Beam = 50 plf

Part 1 - Load Generator



Design Example for Pile Bent Cap
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• Inputs – Substructure Example 1
• No. of columns = 5 
• Eff. Length columns = 40’ 

• Column Spacing = 9.0’

• Column Type = 2 (sq.)
• Column Width = 24”

• Cap Height = 36”

• Cap Width = 48”
• Cap Length = 41.67’

• Avg. Pedestal Height = 3”

• Ped. Width = 48”
• Ped. Length = 44”

• Bearing Pad Length = 32”

• f’c Bent Cap = 5.5 ksi
• f’c Columns = 6.0 ksi

• Agg. Correction Factor = 1.0

• Conc. Density for Ec = 0.145 kcf
• Conc. Density for DL = 0.150 kcf

Part 1 - Load Generator



Design Example for Pile Bent Cap
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• Inputs – Substructure Example 2
• No. of columns = 4 
• Eff. Length columns = 40’ 

• Column Spacing = 12.0’

• Column Type = 2 (sq.)
• Column Width = 24”

• Cap Height = 36”

• Cap Width = 48”
• Cap Length = 41.67’

• Avg. Pedestal Height = 3”

• Ped. Width = 48”
• Ped. Length = 44”

• Bearing Pad Length = 32”

• f’c Bent Cap = 5.5 ksi
• f’c Columns = 6.0 ksi

• Agg. Correction Factor = 1.0

• Conc. Density for Ec = 0.145 kcf
• Conc. Density for DL = 0.150 kcf

Part 1 - Load Generator



Design Example for Pile Bent Cap
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• Inputs - Substructure
• No. of columns = 5 or 4 
• Eff. Length columns = 40.0’ 

• Column Spacing = 9.0’ or 12’

• Column Type = 2 (sq.)
• Column Width = 24”

• Cap Height = 36”

• Cap Width = 48”
• Cap Length = 41.67’

• Avg. Pedestal Height = 3”

• Ped. Width = 48”
• Ped. Length = 44”

• Bearing Pad Length = 32”

• f’c Bent Cap = 5.5 ksi
• f’c Columns = 6.0 ksi

• Agg. Correction Factor = 1.0

• Conc. Density for Ec = 0.145 kcf
• Conc. Density for DL = 0.150 kcf

Part 1 - Load Generator

• Bent Cap v1.0



Design Example for Pile Bent Cap
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• Inputs – Additional (CE, BR, & WS)
• Radius of Curvature for CE = 0’

• Highway Speed for CE = n/a (70 mph)

• Distribution CE load = n/a (1.0)

• Distribution BR load = 0.25

• Length bridge for BR load =  263’

• Low Member Elev. = EL. +7.9 (avg.)

• Low Water Level or Ground = EL. -1.2

• Design Wind Speed = 150 mph 

• Total Depth of Superstructure = 8.0’

Part 1 - Load Generator



Design Example for Pile Bent Cap
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• Inputs – Additional (WA & TU)
• 100-year event: parallel to bent-cap = 0 kips

• 100-year event: perp. to bent-cap = 0 kips

• 100-year event: parallel to bent-cap = 0 kips

• 100-year event: perp. to bent-cap = 0 kips

• Longitudinal TU load = 0 kips

IGNORE THESE FOR THIS EXAMPLE

Part 1 - Load Generator

The current version only performs transverse loading analysis.
However, there are inputs and  place holders for future 
longitudinal analysis enhancements.



Design Example for Pile Bent Cap
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Correction needed to Fatigue Load combination:

- Live Load Factor increased from 1.5 to 1.75 in 8th

Edition of AASHTO LRFD BDS.

Part 1 - Load Generator



Design Example for Pile Bent Cap
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→ Save Data File

→ Calculate Worksheet

• Visually Check Inputs and Wheel load 
positioning

Part 1 - Load Generator

Example 1 – 5 Piles @ 9’ Spacing Example 2 – 4 Piles @ 12’ Spacing



Design Example for Pile Bent Cap

21

• Save Data File

• Calculate Worksheet

• Visually Check Inputs and Wheel load 
positioning

3 Lanes Loaded

Part 1 - Load Generator

Example 1 – 5 Piles @ 9’ Spacing



Design Example for Pile Bent Cap
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• Inputs – Frame Analysis
• Top of Column Connection = Pinned or Fixed

• Beam Load Distribution to Cap = Concentrated or 
Distributed

Part 2 – Frame Analysis



Design Example for Pile Bent Cap
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• Frame Analysis - Inputs
• Top of Column Connection = Pinned or Fixed

• Beam Load Distribution to Cap = Concentrated or 
Distributed

Part 2 – Frame Analysis



Design Example for Pile Bent Cap

24

Part 2 – Frame Analysis

• Frame Analysis
→ Calculate Worksheet

→ Select Limit State to view Shear & Moment 
Envelopes 



Design Example for Pile Bent Cap
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• Frame Analysis - Inputs
• Top of Column Connection = Pinned or Fixed

• Beam Load Distribution to Cap = Concentrated or 
Distributed

Part 2 – Frame Analysis

Pinned & Distributed
(Shear: Strength I)

Pinned & Concentrated
(Shear: Strength I)

Example 1 – 5 Piles @ 9’ Spacing



Design Example for Pile Bent Cap
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• Frame Analysis - Inputs
• Top of Column Connection = Pinned or Fixed

• Beam Load Distribution to Cap = Concentrated or 
Distributed

Part 2 – Frame Analysis

Pinned & Distributed
(Shear: Strength I)

Pinned & Concentrated
(Shear: Strength I)

Example 2 – 4 Piles @ 12’ Spacing



Design Example for Pile Bent Cap
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• Frame Analysis
• Top of Column Connection = Pinned

• Beam Load Distribution to Cap = Distributed

Part 2 – Frame Analysis
Example 2 – 4 Piles @ 12’ Spacing

CONTINUE WITH Example 2 – 12’ Pile Spacing
Using the conditions

Pinned & Distributed
(Moment: Strength III)

Pinned & Distributed
(Moment: Strength I)



Design Example for Pile Bent Cap
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• Design – GFRP Reinforcing

→ Load Data

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Inputs - Tapered Ends and Internal Voids
• N/A for Example 2

• Internal Voids are only intended for precast bents to reduce 
handling weights.

Part 3 – Design & AASHTO Checks 

• Inputs – Support/Pickup Points
• N/A for Example 2 (precast only)



Design Example for Pile Bent Cap
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• Inputs – GFRP Material & Design Properties
• Environmental Reduction Factor = 0.7 

• Tensile Modulus of Elasticity = 6,500 ksi

• Rebar Properties = Specification 932-3 

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Inputs – Critical Section for Negative Moment
• 1 = at Centerline of Support/Pile

• 2 = at Face of Support/Pile

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Inputs – GFRP Material & Design Properties
• Environmental Reduction Factor = 0.7 

• Tensile Modulus of Elasticity = 6500 ksi

• Rebar Properties = Specification 932-3 

• Rebar Bend Radius = Index 415-010

Part 3 – Design & AASHTO Checks 

Correction needed for Bend 
Radius #2 thru #7 bars

https://www.fdot.gov/design/standardplans/current/default.shtm#Bridges


Design Example for Pile Bent Cap
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• Inputs – Flexural Reinforcement
• Bar Size for Top Reinf (#) - Bars A, B & C

• Distance from c.g. 1st layer to top cap face (t1)

• Distance from c.g. 2nd layer to c.g. 1st layer (t2)

• Bar Size for Bottom Reinf (#) - Bars D & E

• Distance from c.g. 1st layer to bottom cap face (b1)

• Distance from c.g. 2nd layer to c.g. 1st layer (b2)

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Inputs – Flexural Top Reinforcement
• For simplicity only use Bars A for pile bent caps

• Bars B and C are intended for large multi-column 
piers 

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Inputs – Flexural Bottom Reinforcement
• Bars D – along the outside of piles

• Bars E – between piles

Part 3 – Design & AASHTO Checks 

Bars D

Bars E

Bars A

Bars E



Design Example for Pile Bent Cap
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• Inputs – Concrete Cover 
• See Structures Manual, Vol.4 - FRPG 2.3.E

• Side Concrete Cover = 2”

• Bottom & Top cover previously set by “1st layer c.g.”

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Inputs Shear Reinforcement
• Only use Zone 3 spacing for simplicity b/w piles

• Only use Zone 5 spacing for simplicity b/w piles

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
• Neg. for Min. Cracking Moment – No Good

• Neg. for Service I Crack Control – No Good

• Neg. for Fatigue Check – No Good

→ Need to Revise Input

Part 3 – Design & AASHTO Checks 

Negative 
Moment 
Reinf.



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
• Strength Limit State OK for loading.

• ØMn.pos = 952 kip-ft

• ØMn.neg = 634 kip-ft

Part 3 – Design & AASHTO Checks 

Tension-Controlled (GFRP Bar Rupture)

Compression-Controlled (Concrete Crushing)



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
• Negative Cracking Moment – No Good

• 1.33*Mu = 1013 kip-ft

• 1.6*Mcr =    739 kip-ft   controls

• ØM.neg =    634 kip-ft  < min.(1.33Mu, 1.6Mcr), NG
• Add approx. 20% more reinforcing

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
• Service I Limit State (Crack Control):

• Max. Allowed Bot. Bar Spacing = 3.79 in.

• Bot. Spacing (b/w piles) = 2.96 in.  OK

• Max. Allowed Top Bar Spacing = 2.15 in.

• Top Spacing  = 4.61 in.  NG
• AASHTO & ACI provides this check in terms of bar 

spacing, but it is easier to visualize & graph by 
converting to crack width.

Part 3 – Design & AASHTO Checks 

Equation 2.6.7-1 is based on ACI 440.1R which uses a simplified 
conversion of the 1999 Frosch crack width equation.



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
• Service I Limit State (Crack Control) cont.:

• Max. allowed crack width = 0.28 in.

• Bot. Crack Width (max) = 0.024 in.  OK

• Top Crack Width (max) = 0.032 in.  NG

• Provide closer spacing or increase area of 
reinforcing for top reinforcing to reduce tensile 
stress.

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
• Service I Limit State (Crack Control) cont.:

• Max. allowed crack width = 0.28 in.

• Bot. Crack Width (max) = 0.024 in.  OK

• Top Crack Width (max) = 0.032 in.  NG

Part 3 – Design & AASHTO Checks 

A direct conversion of AASHTO Guide 
Spec Eq. 2.6.7-1, provides slightly more 
conservative widths as shown by the red 
plot lines in this graph.



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
• Service Limit State (Creep Rupture):

• Max. allowed bar stress = 17.8 ksi

• Bot. Stress (max) =  9.4 ksi   OK

• Top Stress (max)  = 12.3 ksi  OK

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
Fatigue Limit State:

• Max. allowed bar stress = 14.8 ksi

• Bot. Stress (max) =  13.0 ksi   OK

• Top Stress (max)  = 16.3 ksi  NG

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
Skin Reinforcement (based on LRFD BDS):

• Not Required, since dt < 3-ft

• Provide anyway #5’s, need for Shrinkage & 
Temperature reinforcing on side face.

Part 3 – Design & AASHTO Checks 

Skin 
Reinf.

dt.pos



Design Example for Pile Bent Cap
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• Output –

Shrinkage & Temp. Reinforcement Area:

• Min. Required = 0.44 sq.in/ft

• Min. Provided = 0.80 sq.in/ft (on side face)

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Output –

Shrinkage & Temp. Reinforcement Spacing:

• Min. Required = 12 in.

• Min. Provided = 12 in. (on bottom face)

or is 6” due to effect of pile embedment??

Part 3 – Design & AASHTO Checks 

… continued



Design Example for Pile Bent Cap
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• Output – Flexure (Pos. & Neg. Moment)
• Neg. for Min. Cracking Moment – No Good

• Neg. for Service I Crack Control – No Good

• Neg. for Fatigue Check – No Good

→ Revise Input

Part 3 – Design & AASHTO Checks 

Negative 
Moment 
Reinf.

Recall from our Initial Design attempt:



Design Example for Pile Bent Cap
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• Revise Inputs – Flexural Top Reinforcement
• Number of Bars A: change from 10 to 12

Part 3 – Design & AASHTO Checks 

Bars A



Design Example for Pile Bent Cap
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• Revised Output  – Flexure (Pos. & Neg. Moment)
• All OK!

Part 3 – Design & AASHTO Checks 

From Revised Design:



Design Example for Pile Bent Cap
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• Check Output  – Shear Reinforcement

• DCR = 2.40  No Good!

• Revise

• Shear resistance is lower for both Vc & Vf

than steel-RC design.

Part 3 – Design & AASHTO Checks 

Using Simplified Method for determining b and q



Design Example for Pile Bent Cap
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• Check Output  – Shear Reinforcement

• DCR = 2.40  No Good!

• Revise Spacing or Size

• Shear Reinf. Design Stress is Limited by 
Elastic Modulus not Bent Bar Strength

• 0.004Ef = 26 ksi  Governs!

• (0.05rb/db +0.3)ffd = 31.5 ksi

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Recall Original Inputs for Shear Reinforcement

• Zone V3 - #5 @ 6” sp. (4 legs)   No Good

• Zone V5 - #5 @ 6” sp. (4 legs)   OK

• Revision-1 Inputs Shear Reinforcement - Zone 3
• Try Zone V3 - #5 @ 3” sp. (4 legs)

• DCR = 1.41  still No Good

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap
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• Recall Revision-1 Inputs for Shear Reinforcement

• Zone V3 - #5 @ 3” sp. (4 legs)   No Good

• Zone V5 - #5 @ 6” sp. (4 legs)   OK

• Revision-2 Inputs Shear Reinforcement - Zone 3
• Try Zone V3 - #6 @ 3” sp. (4 legs)

• DCR = 1.04  Still No Good & too congested!

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap (3-ft height cap)

56

• Recall Revision-2 Inputs for Shear Reinforcement

• Zone V3 - #6 @ 3” sp. (4 legs)   No Good

• Zone V5 - #5 @ 6” sp. (4 legs)   OK

• Revision-3 Inputs Shear Reinforcement - Zone 3
• Try Zone V3 - #6 @ 4” sp. (6 legs)

• DCR = 0.94  OK, however a better design approach 
would be to thicken the bent cap to 4-ft.

Part 3 – Design & AASHTO Checks 



Design Example for Pile Bent Cap (4-ft height cap)
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• Recall 3-ft Cap Inputs for Shear Reinforcement

• Zone V3 - #6 @ 4” sp. (6 legs)   OK

• Zone V5 - #5 @ 6” sp. (4 legs)   OK

• Revise 4-ft Cap Shear Reinforcement - Zone 3
• Try Zone V3 - #6 @ 4” sp. (4 legs)

• DCR = 0.96  OK

Part 3 – Design & AASHTO Checks 

You should also be able to reduce 
some of the flexural reinforcing 
with the deeper cap!



Design Example for Pile Bent Cap (Shear Stirrups)
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• Shear Stirrup Configurations (2 or 4-Leg)

Part 3 – Design & AASHTO Checks 

Now Recommend using “Type 4” FDOT Bar Bend. 
Being added to FY 2023-24 Standard Plans
Index 415-010

4 -Leg Stirrups

Initial FDOT project details (used Side Lap-Splice with 
pairs of U-Bars – “Type 11” FDOT Bar Bend )

Better Detail uses Top & Bottom laps. Better 
anchorage, but results in congestion in 4-leg 
stirrups due to 4 bar overlap). Similar to SPI 
415-010 “Design Aid”

https://www.fdot.gov/design/standardplans/sprbc.shtm


Design Example for Pile Bent Cap (Summary)
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• Comparison of different design alternates for 4-piles @ 12-ft spacing (Example 2)

Part 3 – Design & AASHTO Checks 

Rebar Location
GFRP-RC 

3-ft Deep Cap
GFRP-RC 

4-ft Deep Cap
Steel-RC 

3-ft Deep Cap

Bars A - Flexural Top
12 ~ #8’s

(Af = 9.5 in2)
9 ~ #8’s

(Af = 7.1 in2)
7 ~ #8’s

(As = 5.5 in2)

Bars D & E - Flexural 
Bottom

15 ~ #8’s
(Af = 11.9 in2)

16 ~ #8’s
(Af = 12.6 in2)

8 ~ #8’s
(As = 6.3 in2)

Bars V3 - Shear Stirrups
6-legs #6 at 4" sp.

(Af = 7.9 in2/ft)
4-legs #6 at 4" sp.

(Af = 5.3 in2)
4-legs #5 at 9" sp.

(As = 1.7 in2)



Design Example for Pile Bent Cap (Summary)
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• Comparison of different design alternates for 5-piles @ 9-ft spacing (Example 1)

Part 3 – Design & AASHTO Checks 

Rebar Location
GFRP-RC

3-ft Deep Cap
Steel-RC 

3-ft Deep Cap

Bars A - Flexural Top
6 ~ #8’s

(Af = 4.7 in2)
6 ~ #6’s

(As = 2.6 in2)

Bars D & E - Flexural 
Bottom

8 ~ #8’s
(Af = 6.3 in2)

7 ~ #7’s
(As = 4.2 in2)

Bars V3 - Shear Stirrups
4-legs #5 at 11" sp.

(Af = 1.4 in2/ft)
4-legs #4 at 12" sp.

(As = 0.8 in2)



Design Example for Pile Bent Cap (Summary)
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• Comparison of different design alternates for 5-piles @ 9-ft spacing (Example 1) – Higher Modulus 
GFRP Rebar  (Ef = 6,500 psi to 8,700 psi for future enhancements to ASTM D7957)

Part 3 – Design & AASHTO Checks 

Rebar Location
GFRP-RC

3-ft Deep Cap
(Ef = 6500 ksi)

GFRP-RC
3-ft Deep Cap
(Ef = 7250 ksi)

GFRP-RC
3-ft Deep Cap
(Ef = 8700 ksi)

Bars A - Flexural Top
6 ~ #8’s

(Af = 4.7 in2)
7 ~ #7’s

(Af = 4.2 in2)
6 ~ #7’s

(Af = 3.6 in2)

Bars D & E - Flexural 
Bottom

8 ~ #8’s
(Af = 6.3 in2)

7 ~ #8’s
(Af = 5.5 in2)

6 ~ #8’s
(Af = 4.7 in2)

Bars V3 - Shear Stirrups
4-legs #5 at 11" sp.

(Af = 1.4 in2/ft)
4-legs #5 at 13" sp.

(Af = 1.1 in2/ft)
4-legs #4 at 10" sp.

(Af = 1.0 in2/ft)



Review: Design guidance & resources
• FDOT Design Guidance – FRPG Chapter 2

62

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

Part 4 - Review

• AASHTO Design Guide 
Specifications for GFRP-RC

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


Review: Design guidance & resources

• Materials & Construction
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https://mac.fdot.gov/smoreports

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

Sections 415, 450, 932-3 & 933 

Part 4 - Review

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


64https://www.fdot.gov/structures/innovation/FRP.shtm
Part 4 - Review

Where to find more FRP-RC info & training
https://www.fdot.gov/structures

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


Where to find more FRP-RC training
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https://www.fdot.gov/structures/innovation/FRP.shtmPart 4 - Review

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


GFRP-Reinforced Concrete Design for Bridges

Lead Speaker: Prof. Antonio Nanni
Co-Speaker: Dr. Francisco De Caso

Department of Civil, Architectural & 
Environmental Engineering

University of Miami 
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FDOT 2020 GFRP-RC Design 
Training Course

6-Hour Recorded Webinar Course

https://www.fdot.gov/structures/innovation/fdot-2020-gfrp-rc-design-course

https://www.fdot.gov/structures/innovation/fdot-2020-gfrp-rc-design-course


Questions

Contact Information
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Steven Nolan, P.E.

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

Ge Wan, P.E.

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

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

