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* INTRODUCTION: Corrosion Resistant Materials in Prestressed Concrete

* PART 1: High Strength Stainless Steel (HSSS) Strands

* PART 2: Carbon Fiber Reinforced Polymer (CFRP) Strands
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INTRODUCTION:
What Corrosion Resistant Materials (CRM) are available ?

CRM Fiber Reinforced
Polymers (FRP)

Stainless Steel

Glass Carbon

(GFRP) (CFRP)
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Introduction - Using CRM in Prestressed Concrete
Components

* Benefits
* Lower life cycle costs including reduced Maintenance Costs
e Reduced concrete cover (FRP)
* Longer structure life

e Disadvantages
* Higher Initial Cost (Both HSSS & FRP)
e Availability & Time (Both HSSS & FRP)
* Dissimilar metals
* FRP bars cannot be Field Bent
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Strand Types:
1. Carbon Steel Strands
2. Stainless Steel Strands

3. Carbon Fiber Reinforced Polymer Strands (CFRP)
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National

Research

NCHRP 12-120 [Active] NCHRP 12-121 [Active]
Stainless Steel Strands for Prestressed Concrete Bridge Elements Guidelines for the Design of Prestressed Concrete Bridge Girders Using FRP Auxiliary Reinforcement
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Implementation
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Beam Program

Design Example

FDOT!)

TRANSPORTATION
SYMPOSIUM




PART 1:

FDOT!)
LTATION

SYMPOSIUM




RECAST FILES WITH
L

Y

.

Design and Construction of Precast Piles with
Stainless Steel Reinforcing

1 Done USF in 2014, Additional Follow Up Testing done by
FDOT SRC 2017 — 2018

d Research Project Objective:

U Evaluate 3 Different Stainless Steel Materials to identify a
suitable Stainless Steel Strand

U Grade 316 SS, XM-29 & Duplex 2205

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

d Final Conclusions & Recommendations:
O Use Duplex 2205

Completed

Research

Stainless Steel Strands for Prestressed Concrete
Girders

L Done FSU, Completed in 2020

(d Research Project Objective:

U Strength, Ductility & Deformability using HSSS strand PS
Girders

 Evaluate Shear Using CRM Bars

U Testing & Evaluation Included:

O Structural Capacity: Flexure & Shear Testing of 13
AASHTO Type Il girders

L Material Testing of 0.62” Dia. Strand
U Transfer length

(1 Final Conclusions & Recommendations:
J Means & Methods same as CS Strands
L Phi for flexure = 0.75, stress-strain curve was developed

U Min. Reinforcing Limits
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Implementation

& N
Standard Specification for

Low-Relaxation, Seven-Wire, Grade 240 1655], Stainless

Steel Strand for Prestressed Concrete'
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2. For pretensioned concrete beams located within the splash zone, evaluate the use
of CFRP and stainless steel prestressing strands. See SDG 1.4 for definition of
splash zone. Coordinate with the District Structures Design Engineer and the State
Materials Office for guidance.
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4. For stainless steel strands, use the following design requirements and guidance:

a. Use ASTM All14, Grade 240, low-relaxation, stainless steel prestressing
strands for the design of pretensioned beams. Use only straight strand
configurations.

1. Add the following = the secand paragraph of SDG 1 4.3

The splash zome i defimed an the vertical dastance from & fect ek MLW 0 12-fort shove
MHW and cr arcas susbyect o westsng by persomal watcrerafl (e g - 4t shas ) o other acerves

b. Use materials for mild reinforcing and other embedded items that are :
compatible with stainless steel. Do not used mild reinforcing or other = T
embedded items made of CFRP or carbon steel.

Commentary: Grade 75 stainless steel reinforcing is the preferred compatible
material for design efficiency and simplicity in construction. Glass &
basalt FRP reinforcing are also compatible with stainless steel. CFRP and
carbon steel reinforcing are not compatible and will experience

iv. Meet the following minimum reinforcement limit for designs
controlled by strand rupture:

accelerated corrosion dlf:' to electrical contact with stainless steel. c (9.2}",: + 0.48f,, — 3.9)
c. Use the following design values: d~ 1000
1. Resistance factor ¢ of (.75 for flexure. Include this value on the where: _ _
Load Rating Summary Sheet. ¢ = distance from the extreme compression fiber to the neutral axis
(in)
ii. Maximum steel stress immediately prior t(transfer (fs) of 0@ d = distance from the extreme compression fiber to the bottom
layer of strands (in)

f’c= compressive design strength of deck concrete (ksi)

11. The prestressing strand failure (rupture) 1s defined to occur when Jpe= effective stress in prestressing steel after losses (ksi)
the strain in the extreme strand layer reaches the ultimate tensile
strain {Epu} of 0.014. Commentary: The design requirements for stainless steel strands are based

on results from research report FDOT BDV30-977-22.
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FDOT Beam Program LRFD Prestressed

Data Input

— Previous Versions

New File Name (optional):

Select File Below (required):
O

—Select Beam Data File— A Rl s
FIB 36 105 ft span
- To Cri w File:
LRFD Prestressed Beam Design v5.2 FIB 36 91 fispan 1. Enter new file name above
FIB 36 97 ft span (path and _dat extension will be
©2018 o e D spartm snt of Transport at FIB 45 103 ft span added automatically).
FIB 45110 ftspan 2. Select a source file from the
FIB 45117 ftspan file list on the left. -
Run he appropriate worksheetby clicking the icon below. Modify the inputdats as required & execute <calcula E:g gi } 123 :5'3&" v 3 Pl‘EﬁSIS l’TIe::Sh FIIIQIJILI?‘:) _The
worksheet> [Oiri + F9) wice ip save/siew informafion. When finished, close he worksheet window wil = span new fife will be avallable for
fo return fo this screen. Project informafion is stored in the Beam Data File (.dat file), so M athcad wositheets selection on the file list.
should nof be saved.
DataFile = "FIB 36 85 ft span dat" fiead D=2l
ioiiocsmsmesnns s s e s
354t Baam! Ery tuebi [ LRFR Load Rating Analysis
LRFD Prestressed Praject - “your project” ::.:m; thl-s tites =030 taisn =B EDOT Ab e sOffce B e oot R e iormia

DesignedBy - yow mse -2t
Beam Program “
g Date- r Buadoartione “interior r el pal;v ibu

ﬁ Fbrila Double T Flat Slab s .
fileaamea " codats LRFIPBumYS - "_.n“ - e - - . -

S g e ‘Momens (Breng) or Sress (Sarics) S Surengh)

b -6t “LamitSaw’ Rasing Toad “Dimiy “Rasing Tond “Dimif)
- " - . Segmidey 051 LE CNA 54 08 1F A 1880 L
1y = Eit, S0in000ine,,) Prevsies mnmon o izt e anngvide b e e § . . o
L ThmgmlGr 051 L¥ S8 08 104 NX 10 HL
Legend R | i mier 051 1@ WA 56 WK CNK K WA | RS
Talighighiz ealsiry  YellowHighlighi= Checl¥alues  GreyHighlght = UserComments + Gapls Mutorisl Propertos G fIop 051 LU WA SLE WA NE WA WA HL#
§ Comren e 051 12 e 08 18 951 1890 ) paemiee
BlackTent= PopmBquations MyoonTirre Codeefrae  Bus it » Commaneay
et Sy S
Inveted-T = Dnfualipassitiontis L1 20pe inpatwordhest
| L1l =L J—— P
=y Losennade Cirt
e rm 13
foncren Lt i =08 Do =08l Coifongios . 0K
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axremr cxioafr 3 2o G o
g ese [ ———
. L' 34 Tackonddund bad gt
- "l 20 hooms v ladipl) 0
EER I T ——
_ _ [T R
Perform the des a 5 with hie workisheat below. FESFE e . L TerdonS eus0ig)
HLS3,
AR Iazs e | L 536 facroniioe losdiis)
B L"Br 204 "HL53 operstingmingfacror |
aelB=1" i g
Eresressing Tendans:
pr—— fmTOK I £,- %0
FI=FEII ) dezmwn E
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i La1s =3 ¥
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Plan, Elevation, and Cross Section Data

Note: Al damerssions shovin i Becan Elvation
Lbeamn measwral alang cenerine of baam frequiring
adjustment for a skow)

FDOT Beam

Span PadWidih -+l i e
1 Note: Thetop of the prevast becm & the location
rogram v. 6. =T
InputDzt=File = "FIB36-85#Span-8Spacing HSSS strands dat™
- ‘Becm Tipes are the designations, found in FDOT standards. The user can alse
| = | FDOT LRFD Beam Program 6.0 — m| % erexs acoordinaie fle for a custom shape. Tep of the beam is at they=0 ardiate
BMPfile = ‘mpBeamType, 0. Type)). " bmp™)
Home Share View ~ o BMPfile = "FIB36.bmp" %
x U b Cut x I I New item ~ i open - selectal IBaams: Florida FBean (FIBs) con formierlysad Florida Bulb Toe aond AASHTO Becms
W=l Copy path <::I ‘D Easy access ™ [ Edit - Select none 5:;::” gﬁ{?”ﬂﬁf
Pinto Quick Copy Paste Move Copy  Delete Rename MNew Properties m . fhﬂab}’mxmr‘ used Florida Fiar Sab Baans, superceded by FiBs
EAES, [7] Paste shorteut to - folder - i History EEI Invert selection Bvertad Tee: Farmer FDOT Standard Irverted Too Boams ChechShearCapacity = "OK"
DoubisTeer Former FDOT Stansdcrd Doubls Tee Becs, frem the 1000
Clipboard Organize New Open Select (== TR (Lo it =
Data Files Folder CheckMinStizAres = "OK CheckMaxStirSpacing ="
+ > FDOT LRFD Beam Program 6.0 ~ | D 2 Search FDOT LRFD Beam Pro... W Change Fokder
Shear Remforcement- Required vs. Provided
Name Date modified Type Size ‘ ' o requed (o VE)
5 3 Quick access Exisaing Das File To save New Data Files, enter new daw name at dhe end of Secion IX E [ . m:p‘::;i";f‘“ 8
BMPs 9/10/2021 937 AM File falder I _—,,: T g 1
> @ OneDrive - Florida Dx DataFiles-DblTBeams 9/10/2021 9:37 AM File folder 0151 C0tSpan MDsancpacg it [ o | | i
S This PC DataFiles-FSB 9/10/2021 9:37 AM File folder ety o2, £ 1
DataFiles-FUB 9/10/2021 9:37 AM File folder |
» ¥ Network DataFiles-I-Beam 9/29/2021 9:33 AM File folder 5 g S = £ <2 £
Baam Length (fee)
DataFiles-InvTBeams 9/10/2021 9:38 AM File folder [EpuDREe ~TEID30 $5RSpm Scing HOSS smalet oten . ama
DataFiles-SlabBeams 9/10/2021 9:38 AM File folder Project Information . ~
. Strand Patterns 9/10/2021 9:38 AM File folder [Proect information | I Use cumentinput e
AnchorageReinf 12/18/2020 2:05 AM Microsoft Excel W... 14 KB Hma‘Nwm 16 36 W/ H555 strands Example e N m p——
B area 9/20/20219:34 AM Storm and Sanitar... 1KB . W“& = i
beam 9/29/2021 9:37 AM Storm and Sanitar... 1KB Chaded by  — Pl — e o oo Progam .0 Daeles | Beae”
@ coord 9/29/2021 937 AM Storm and Sanitar... 1KB J
Structure Name I
@ dgn 9/29/2021 9:34 AM Storm and Sanitar... 2KB F | Shear: Demand vs. Capacity
distance 9/29/2021 9:34 AM Storm and Sanitar... 8 KB “’""i““““’
D inputinp 9/29/2021 9:34 AM INP File 1KB 2 S oy I
[& 1ocation 9/29/2021 9:37 AM Storm and Sanitar... 2KB 4202021 PrestressedBeam\/6 0 xmed v6 0 1 E e v
. 2 s
MildAndPartialPSLongReinf 4/22/2021 12:05 PM Microsoft Excel W... 16 KB ,l 5
-d —
m PrestressedBeamVé.0 m 9/9/2021 412 PM Mathcad XML Doc... 7,711 KB 1 ‘ ‘---oo--nfu- '
& shield 9/28/2021 9:34 AM Storm and Sanitar... 1KB ° ® 20 30 e 0
strand 9/29/2021 9:34 AM Storm and Sanitar... 1KB -
I strand 9/8/2021 9:47 AM Application 8909 KB e DIC ) =097
[&] tendsect 9/20/2021 9:34 AM Storm and Sanitar... 1KB [v' Use current input file
15
22 items -
File Name  |FIB36-85ftSpan-8ftSpacing-CS strands.dat Save Data

Only 1 MathCAD file

3

DataFileFolder = "C:\Users\st986va\Desktop\FDOT LRFD Beam Program 6.0\DataFiles-I-Beam"
Note: Select an output folder by using the "Change Folder" option on page 1.
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v
FD Prec-uessed Beam Program

apartment o Bamporisse

15 Tog and AASHTO Beos:
Florida Bulb Tee o
formerly 1ced F

Change Folder

UeersstageuaDesk T n oF hes - Beam
. \DesitopF DO LRfDBumpmgmso‘Dl
)

Refresh List

A s

'ASHTO TypelV-508
V-110Rspan dat
M?)TTY;VJW‘“" TABeamSpacnd

FDOT Beam

Prestressing Tendons:

Programv. 6.0

Reinforcement Properties InputDataFile = "FIB36-85ftSpan-8ftSpacing-HSSS strands.dat"
. . Carbon Steel - Grade 60 -
Mild Reinforcement Type: Stainless Steel - Grade 60 Hdrr;f;::'%pes
Glass Fiber Reinforced Polymer
Carbon Steel - Grade 80
Longitudinal Mild and Excel Table of Standard FDOT Hh:rjm‘l:l.%ngipald;sd
f PS Longitudinal Reinforcement Reinforcement
| Mild Reinforcement | Partial PS (Dormant) Strand |
Bottom of Beam End:| | Beam End: Location | Top of Beam
Location Deck Beam Top Bottom
dreaim2) [ 062 |=2 [ 0 | [18 ] [ 0 | Dicmeter(in)
Distance (in) | 4 | *2 | 0 l *3 [ | [ | Distance (in) m
Length (ft) [ | [ | | 16 l | 0 l # Strands II'
- Force per
Borsee [ [5 e [5 Ju [0 Ju | g R

*2 - Distance measured from top of deck to centroid of deck longitudinal reinforcement, positive value.
*3 . Distance measured from top of beam, positive value.

*4 - Size of bars used to create A, yoqg Needed fo calculate development length.

*] - Area of longitudinal deck reinf. per unit wicith of deck, both layers combined. Tipically one #35 Bar top & bottom for 8" decks.

Humidity

Time: jacking to transfer

75 %

% relative humidity (75% tpical)
1.5 days

i

Time in days between jacking and transfer.

(LRFD 5.95.4.4b6)

Carbon Steel - Low Lax
Prestress Strand Iipe - Help on Prestress
arbon Steel - Stress Relieved Flekfomersent Tupes
Stainless Steel
Carbon Fiber Reinforced Polymer
Prestress Strand Si-e in. (recommended)
Help on Strand Help on Strand
Generator Debonding
Strand Patt Double click the icon fo open the 'Strand Pattern Generator'. Specify the
G an a. emE . location and debonding of strands. When finished, press the 'Continue'
euerarof for Entering button. Then press ‘Read Strand Data' button below.
Prestressing Strand
Layout

For each data file, there is a corresponding Strancdis data file

Press ‘Read Strand Data'

InputDataFile = "FIB36-85ftSpan-8ftSpacing-HSSS strands. dat"”

Button.to Read in Strand
Generator Data

Read Strand Data

StrandsDataFile = "Strands-FIB36-85ftSpan-8ftSpacing-HSSS strands dat”

Press "Read Strand Data' button to Read in Strand Generator Data.
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v
essed Beam Program ¥V

Moments and Moment Resistance at Strengthl and Strengthll Limit State
Values at midspan

LimitStateForMoments, = "Strength I" max Meyrangs) = 5037-kip-ft

FDOT Beam

P 6 O Release Date is Still
I A Pending but Working

Version Available
Upon Request

0

min(Lg) = 123t Lpse — min(Ly) = 7224t
M'“dm Demand/Capacity Ratio at locations 0
DCMW = ® (Mn } where all strandls are fully developed max{DCw) =052

IsSectionNonCompControlled?s; = "Yes"  Mpigiamen, = 4613-kip-f StrandT Ype = "Stainless Steel” l:l)m = 0.75

StrandType = "Stainless Steel” - o Pescn, - Ma, | = 5830-kipt 51

FailureMode,, = “Strand Rupture” CheckMinSSLimit = "OK" FailureMode 51= "Strand Rupture” CheckMinSSLimit = "OK"
$Mn, Mer, and Mu (Strengthl & IT) (kip-ft)

From SDB (2021)

& SDG (2022 Release)

iv. Meet the following minimum reinforcement limit for designs
controlled by strand rupture:

. (9.2f'c + 0.48f,, — 3.9)

A/l o

1000 FDOT |
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Design Example:

HSSS strands

I0'-0¢

85-0° (OVERALL BRIDGE LENGTH}

3g-o

APPROACH SLAB Mo, 1
(STANDARD PLANS
INDEY 400-050)

50'-0"+ (EXISTING)

BEGIN BRIDUE FFEW—
END BENT NO. ]

TRAFFIC RAILING
{STANDARD PLANS
INDEX 521-427)

FLORIDA-I 36
BEAM {STANDARD
PLANS INDEX

APPROACH SLAB NO. 2
(STANDARD PLANS
INDEX 400-090)

—— END BRIDCE FrEW
END BENT NO. 2

450-036)
v Pz
’s\g\-smsrma WME  DHW = ieEa o]0 F
” £l 7,279 7 EfFL ¢
f] — i
f o iME EL gres MW =055
o
el
ff
1 “
"
i PROPOSED GROUND u
-/ EL. -10.00 I
k] I T
.e SE.'H'I"F'I"—ii;g I: CONET. RARRACUDA BIVD
JiE -
TOVERALL BRIDSE WIDTH] |
F3-1or | T4-100
-0 -0 J'=q" F-a" 1r-a | 7= 25" =4
FEDESTRIAN PATHWAY SHLDR, LANE | LANE SHLDR
‘ H | '
1
PEDESTRIAN/BICYELE | TRAFFIC RAILING
BULLET RAILING Vo 36" SINGLE SLOPE
{POST TYPE O} {STANDARD PLANS
ETANDARD PLANS | INDEX 521-427)
J -
INDEX 515-022 =) T i PGL [hitid
a |
' I
] a SLOPE: i SLOPE: o
27 CONCRETE PAR.&PET_'!FHH.FT SR eI g 002 P | oz : H G RN Lo
(STANDARD PLANS (STANDARD PLANS
INDEX 521-820) ] — | INDEX 630-010) TYP.
| | i
! i FLORIDA-I 36 BEAM
{STANDARD PLANS
. ! INDEX 450-036) TYP.
' 1 | 1 | i
i | | | |
|—-— € BEAM NO. 1 | | 46 76 | |
1 ' r 1 .
| § BEAM MO, 2 —] ¢ BEAM No. 3 —] g BEAM N, 4 —] § BEAM MO, 5 —--I
I 4 SPACES @ 80" = 370" oy
T

TYPICAL SECTION
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Desigh Example:
HSSS strands

?.
{
ZELE gg
)
¥
i

s

FIB 36"

 Beam Type: FIB36 (See Standard Plans & Instructions of Index 450-036)
* Beam Spacing: 8’-0”, Number of Beams: 5

e 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

FDOT!)
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Plan. Elevation, and Cross Section Data

e ———————

Note: All dimensions shown in Beam Elevation

Desigh Example:

HSSS Strands

B L beam o mesurad alang centarling of beam (raquiring
|‘ ’| adiustment for a skew)
! ]
! ]
| i Span PadWidth=/ | b=
o é_chamg | ?ﬁr‘iﬁs%@"xﬁsﬂ:«:ﬂﬁm
E i aF 1 jor coards 5
BeanngDistance Beam Elevation e ’
5 ucture Data InpuDatFile = "FIB36-85f5pan-8ftSpacing H555 swands dat”
Baam Tipe Baam Tipe are the desi; - formd in FDOT. dds. The wser cam also
oreate acoordinass file for a cstom shape. Tap qf the beam is ar the y=0 ordinare.
BMPfile ‘= concat{substr{mpBeamType. 0. strlen(inpBeamTvpe)). " bmp™ )
BMPfile = "FIB36. bmp"
L BEEE25 & See B Elevation above.
Baaring Distmce [% i SeBeomElnuninabow .
L FIB 36" |
Pad Widkh | 10 in Tidth of the bearing pad,
see Baam Elavation above
Beam Spacing I 8 f P 1 from beam fine 1o cement
Ovarhang | Measursd from conterline of aerior baam.
Dleck: Thrickness | B n Not including sacrificial fhicknsss.
1] . Sacrificial thickmess cast with the deck (uzed
Lcrgiial I I for DI owhy not section properties). (0" for BridgeLengths = 100t SDG4.2.2)
d, [ =2 & Frow face af barier o congriine of aarior beam (3t mia). (LRFD46221)
Baam Position L Lke dther “interior” or "exterior”.
L= L N— | 0015 kip® Fumrewemingswface. 1 0.013ksf for Bridgel engths = 1008, SDG Tabls 2.1)
Fsighty o [[036  wpn Teigivafsiglebavier (043 Hf for 36" single slope barrier , SDG Table 2-2.1)
MNumber of Baviers I 3 Nianber of barviers in x-saction (multiplies single bariar weight.
Nember gf Beans I 5 Nignber of beams in the span cross section (LRFD 4.6.2.2.1)
Skaw I [1] deg measurad Fom the papendicular to the longitudinal ads in bridgs plan view
92002021 PrestressedBeam'/6.0.xmed vE.0

Donble Toe Beams
idth Doubls-T

D‘“"m

Thicth of the slab erit (not including Gep width)

Thickness af the slab it
micndnmm additional deck thickness over support to
e ; ber, used for acditional DL o

Gap diztmes between slab beame. (Baem Spacing - Slab Baam Width)

Widlth of the Double-T wrar.

Depth of the flange of the Double-T urnit, See Becam Creiss Section above.

Concrete Material Properties

FDOT Envirovmmenial Shghtiy

Classification Moderately B I Classific ! the Allawable Tesion Sress
Exiremely
Fegfdeckor WS I 55 k=i Sragth o deck ar weming nugface conorets.
fegf beam ar slab | 85 ksi 28 day concrete strength of beam or slab.
[f'd af becm o slab I 6.8 k=i FRelaaze concrate sirangth of baam or slab.
Additional Dead Load Data:

Unifprin Dead Loads

&
Additiomal Ungiéwm ] kip

E

L )
Waog = 0.85 .?1’ Whgam = 0_34.% Ve, = 0.08—

g

. .
Westuraws = 0.12-?" Whrr = 022 —2

Reinforcement Properties InpuDawFile = "FIB36-85fSpan-§fiSpacing HSSS strands dat”
Carbon Steel - Grade 60
Mild Reinforcement Tipe: Stainiess Steel - Grade 60 Hel
Glass Fiver Renforced Polymer

Carbon Steel - Grade 50
Stainless Steel - Grade 75

Longimdinal Mild and Excel Table of Standard FDOT _ _ )
_H’n'ﬁa.'RS'R,ﬂ'"fgrf,gmg"L- Prestressed Beam Mid and Partial Help onL dinal Mid and Partial P4 Reinfi
PS5 Longitudinal Rei ant
[ Mild Reinforeement |[ PwdalPs Dormans) Sowd |
Deck  Baofiomof  BeamEnd:  BeamEnd: Locarion  Top of Beam
Location Beam Top Botiom
. ABinch
da@my [062 2 [ 0 [1== [© Dicomesarfin)
Distamee i) | ] 2 I 0 3 Distemace (i) I 125
Lengeh (f1 % [ #Seand [ 4
__ Force per
Bar Size [ 5 =] 5 =] 0 =« Sorm (i [0

*1 - Aren of lengitudmal deck veif per unit width of deck, both lavers combinad. Tipically ene 25 Bar sop & bottom e 8" dacks.
*2 - Drisemce measured from sop of deck to centroid qf deck longimdinal reffércament. positve valus.

*3 - Dissamos measured from top of beam, positive valus

- Size of bars wsad 1o crants A, jopp nesdad to caloulate developmant langth.

Prestressing Tendons:
Hanidin:
Time: jacking to transfér

Pras ress Stramd Tipe

Pre ress Srand Size

Pra s Read Svand Dara’

%
(IERES

2% relarive humidity (7% npiral)

Time in days between jacking and rangfa: (LRFD 5954 45

Hep o e

e |

Double click the icon to opan the Sorand Patern Genarator”. Specify the
location and debonding of sorands. When firished, press the Comtrmus’
Button. Then prrass Read Strand Data'butsen bdowe

For sach dmia fils. there is a comeasponding Strands data file
InputDataFile = “FIB36-85RSpan-8fSpacing-HSSS strands.dst”
StrandsDiataFile = " Strands-FIB36-85ft5pan-8ft Spacinz-HS55 strands dat”

Buuteon 0 Feaad in Sorand Pras Rand Svand Daa' buton to Read in Srand Generator Data,
Gemerator Deta
I
92002021 PrestressedBeamVV6.0.xmed vE.0 7

SYMPOSIUM




Carbon Steel HSSS

Strands = 35 Strands = 45

Tendon out

Tendon out
Bottom Half of Beam with Tendon Layout R e q u | re d 1 O Bottom Half of Beam with Tendon Layout
Additional strands
20 \_20\\\\\
N o a u
-3 eoeececccecccsese
-;0.0-;-..::0-0-
%
- 40 -40
- - 50
10 20 30 40 10 20 30 40
OO Debonded OO Debonded
® @ @ Full Length ® @ @ rull Length
Draped -I—l—'- Draped
Beam Beam

TRANSPORTATION]
SYMPOSIUM




What about SHEAR design?

»Stirrups & Interface Shear = Can swap One for One with CS €
»FDOT Standard Beam End Reinforcement > No Change

Carbon Steel - Grade 60
Stainkess Steel - Grade 60
Glass Fiber Reinforced Polymer
Carbon Steel - Grade 80
Stainkess Steel- Grade 75

Miid Reinforcement Tipe:

Shear: Demand vs. Capacity

I
Vu Strength
BVt Vet Vps)
sese Vs
= Ve I
= | BV
= e ~
8 =t $Vn o max ~
& |
[]
A """—H—a-v--‘-n-*-v
-...-...-...-I L
"'wewwwsww '....-'...-‘W
203040—50
Beam Length (feet)
( "CheckType" "Location(ff)" "Vu (kip)'] "Vr (kip)"
fCheckD/CShear = e @ (p) Eklp] | max DIC, ., ) =096
. "Shear" 14.87 206.40 21512 :

Miild Reinforcement Type:

Carbon Steel - Grade 60
Stankess Steel - Grade 60
Glass Fiber Reinforced Polymer
Carbon Steel - Grade 80
Stankess Steel - Grade 75

Shear: Demand vs. Capacity

80 E I
Location;hear Vo Strength
B(Vs+Ve+Vps)

60 poessavs H
- Ve
B | "
z e #Vps |
3 40 b =tete Vi max

[ ]

[7)

20

fCheckD/CShear =

i —

L Sobainitet, fot w2

"-----.-_-1._-_-...

30

- 1020
Beam Length (feet)
("CheckType" "Location(ft)" "Vu (kip)"| "Vr (kip)" “|
14.87 206.40 23737 )

"Shear"

40

50

max({D/C ey ) = 0.87

FDOT!)

TRANSPORTATION
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Design Example:

HSSS strands

Diameter, d,

Area, 4,

Modulus of elasticity, E,
Ultimate tensile stress, f,
Yield strength, 1,

Jacking stress, f,,;

Effective stress after losses, f,,
Effective prestressing force per strand
Total number of strands
Service Il Stress D/C Ratio
Strength LS Flexural D/C Ratio
Nominal flexural capacity, M,

Factored flexural capacity, gM,

0.6 inch

0.217 sq. inch
28,500 ksi

270 ksi

243 ksi (90% £,,)
202.5 ksi (75% 1,,,)
181 ksi (67% £,,)
39 kips

0.62 inch

0.231 sqg. inch
24,000 ksi

240 ksi

216 ksi (90% £,,)
156 ksi (65% f,,,)
134 ksi (56% £,,,)
31 kips

35 45

0.97 0.99
0.85 0.92
6222 k-ft 7785 k-ft

6222 k-ft (¢ =1.00)

5839 k-ft (¢ =0.75)

TRANSPORTATION
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PART 2 — CFRP Strands

PART 2:

CFRP
Strands

=y

DDDDD N

TRANSPORTATION
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Outline

* Design Example Comparison
* Designer Guidance and Tools

* Review Background & Research

#3 FDOT Vital Few

_ 3
PART 2 — CFRP Strands A —
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(]
Design Example
APPROACH SLAB WO, 1 APPROACH SLAS NO. 2

(STANDARD PLANS (STANDARD PLANS
INDEX 400-080] INDEX 400-090)
. 590" [EXISTING)
BEGIN BRIDGE FEBW— - - enp sripce Fraw
Oparlson END BENT NO. 1 END BENT NO. 2
TRAFFIC RAILING FLORIDA-T 36
{STANDARD PLANS BEAM (STANDARD
- INDEX 521-427) PLANS TWDEX
continue i
= Pz E
S\g\smsrma WME  DHW = ieEa o]0 F
” EL 7279 v = A
f] — i
fo SeiME EL g16g  MHW =055 at
o
g
i
g . i
W PROPOSED GROUND i Iy1 !
‘i- U EL. -10.00 b le 1l
k] I T
.e SE.'HVFT'—ii;g I: CONET.
JiE -
TOVERALL BRIDSE WIDTH] |
F3-1or | T4-100
-0 -0 J'=q" F-a" 1r-a | 7= 25" =4
FEDESTRIAN FATHWAY SHLDR, LANE | LANE SHLDR
} - t
1
PEDESTRIAN/BICYCLE | TRAFFIC RAILING
(PaST TVOE DY L (STANDARD PLANS
IETA'L'iIJ.ﬂRD PLANS | INDEX 521-427)
INDEX 515-022 = e ' . Y.
il |
' |
a SLOPE: i SLOPE: o
. L — LR
27 CONCRETE PAR.&PET_'!FHH.FT e ST FTFT g 002 P | oz : H G RN Lo
(STANDARD PLANS [STANDARD PLANS
INDEX 521-820) o 1 | INDEX 630-010) TYP,
| | i
! i FLORIDA-I 36 BEAM
{STANDARD PLANS
! ! INDEX 450-036) TYP.
' 1 1 1
| | | | |
. ! ' X '
|—-— € BEAM NO. 1 | | 45" B | |
| 1 r 1 1
| § BEAM NO. 2 —~] ¢ BEAM No. 3 —] g BEAM N, 4 —] § BEAM NO. & —-1
4 4 SPACES @ 80" = 320 L g
T T
PART 2 — CFRP Strands TYPICAL SECTION
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Design Example
Comparison
(continued)

50881

i

it
E:ggﬂs

gaBasty

FIB 36"

 Beam Type: FIB36 (See Standard Plans & Instructions of Index 450-036)
* Beam Spacing: 8’-0”, Number of Beams: 5

e Span Length: 85’-0”

* Extremely Aggressive Environment

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

* Run FDOT Beam Program Version 6.0

PART 2 — CFRP Strands L N
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Carbon Steel HSSS Strands = CFRP Strands =
Strands = 35 45 35
Tendon Layout Tendon Layout Tendon Lavout
Bottom Half of Beam with Tendon Layout Bottom Half of Beam with Tendon Layout

Bottom Half of Beam with Tendon Layout

— 20

- 30

| (XYY
Rz sisty

-40 _40 \ =
R '\d 16 Requires same # as
eq.u!re steel strands — BUT
10 20 30 40 0 2‘0 lo " 10 20 30 40
eoe f?:lTnLl;dn?m OO Debonded eoe ) Lnef;m
Draped @ @ @ Full Length Draped
@ Beam ﬁgz:d GRS Fic:m
FDOT\)
PART 2 — CFRP Strands TRANSPORTATION
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Design Example

* Up to 70% f,, permitted

Comparison
(cont. Carbon Steel Strands | HSSS Strands | CFRPStrands

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

Area, 4, 0.217 sq. inch 0.231 sq. inch 0.179 sq. inch

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

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

Ultimate tensile stress, f, 270 ksi 240 ksi 369 ksi

Yield strength,];y 243 Kksi (90%];u) 216 ksi (90%];u) n/a

Jacking stress, 1, [Force-kips] 202.5 ksi (75% f,,) [44] 156 ksi (65% f,,) [36] 246 ksi (66.6% f,,) * [44]

Effective stress after Iosses,J;e 181 ksi (67%pr) 134 ksi (56%];u) 216 ksi (59%];{)

Effective prestressing force per strand 39.3 kips 31.0 kips (1085 kips) 38.7 kips
I —— S 1 B T
I Service Ill Stress D/C Ratio (3Vf'c.psi) 0.97 0.99 0.99 (~0.50 if using 6Vf’c) 1
: Strength | & Il Flexural D/C Ratio ¢ ,i4psn  0-81 0.86 0.92 :
L e e e s N | %2 %2 _:

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

Factored flexural capacity, M, @ nidspan

6222 k-ft (¢ =1.00) 5839 k-ft (¢=0.75) 5470 k-ft (¢ =0.75)
[ TRANSFUR TATION]
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Design Example
Comparison

(cont.) Carbon Steel Strands m CFRP Strands
35 45 35

Total number of strands

Beam Camber at release 1.5 inches 1.35 inches 1.5 inches :
| Final Net Camberat120days _ _ _ _ _ _ 10inches_ _ __ _ _ _ 0.8inches _ _ _ _ 1linches  _ ___ _ __ .
Shear Stirrups (@ critical section) #5’s @ 9” sp. #5’s @ 10” sp. #5’s @ 2.75” sp.
(Gr.60) (Gr.75) (GFRP - FDOT 932-3)
Factored Maximum, ¢V, 138 kips (¢ =0.90) 133 kips (¢ =0~ 115 kips (¢ =0.75)

Shear Reinforcement: Required vs. Provided

L3 7 -
= tOfisper 2” ' ' — Av required @ 2R
o ’ Av provided (in"2/ft)
3 : \ | Av location and area
Shear Resistance may g ! 5 T
limit some designs using B § \
. =5 '
GFRP reinforcement EL 05 : -
L T TRk
0
0 10 20 30 40 50
Beam Length (feet)
"‘ﬂ",l
PART 2 - CFRP Strands .PL:}F!TATI(_'JI"-J
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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

PART 2 — CFRP Strands

Guide Specification for the
Design of Concrete
Bridge Beams Prestressed
with CFRP Systems

2018
First Edition

sy

R ]

AASHTO CFRP-1
Only addresses CFRP

prestressing strands in
design

2018

AASHTO LRFD Bridge
Design Guide Specifications
for GFRP-Reinforced Concrete

2“EDITION

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

Auxiliary Reinforcing

FDOT)
TRANSPORTATION

SYMPOSIUM
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Design guidance and tools — Flexural Design

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

CFRP Bars
(single strand)
configuration

Do Not Use for Prestressed Beam Design

Table 933-1
Typical Sizes and Loads of CFRP Prestressing Strands and Bars
: Nominal Cross Nominal lNommal .
Nominal . . Ultimate Tensile
Type . . . |Sectional Area| Ultimate Load
Diameter (in) (in?) (Py) (kips) Stress
1 p (ksi]
Single Strand - 5.0mm & 0.20 0.025 9.1 364
7-strand - 7.9mm © 0.31 0.048 17.8 370
7-strand - 10.8mm &) 0.43 0.090 33.1 367
Single Strandﬁ[)Bar} - 9.5mm 0.38 0.110 35.0 318
7-strand - 12.5mm @ 0.49 0.117 43.3 370
Single Strand (Q?ar} - 12.7mm 0.50 0.196 500 301
7-strand - 15.2mm ) 0.60 0.179 66.2 369
7-strand - 17.2mm & 0.68 0.234 86.6 370
7-strand - 19.3mm & 0.76 0.289 106.9 370
CFRP (CFCC) Similar to
7-strand traditional
configuration Steel and new
A HSSS strand
FDOT!) 10
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Design guidance and tools — Flexural Design

* Flexural Design Highlights

* Limit jacking force to 44 kips [FRPG 2022]

* AASHTO CFRP-1 allows up to 70% f,,,, 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% f,, jacking stress, but it is
recommended to just show the force (in kips).

9" 18 Sp. @ 2" = 3-0" 9"
4-6"
PART 2 — CFRP Strands TYPE(D) 29 STRANDS

STRAND DESCRIPTION: — 44 Kips

Use 0.60" Diameter, 369 ksi Guaranted Ul y’rate Tensile
Strength (GUTS), Strands stressed at GHTS each.
Nominal area per strand equals 0.179 sq. in.

STRAND DEBONDING LEGEND
o - fully bonded strands.

I

TRANSPORTATION
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Design guidance and tools — Flexural Design

* Flexural Design Highlights

e Strain compatibility

C F R P Stl"a n d Stress Strain Curve - Reinforcement
\Ep‘:‘_ss 0934
3001 d
_____________________ L
: ksi
= Eeu @ f
g T =
E " Brc —
ia . | -
e Low Lax Carbon SteelStrand | | | | ' T A pma e X T R
100 ' lmm Stress Relieved Carbon Stee! Strand
[ Stainless Steel Strand -
. CERP Strand e f
—— Mild Carbon Stesl px J px
L I .
0 0.02 0.04 q_-—‘—'d_- '('P- q_.-"d__ "p
f I —_—1
Strain [ ] "\, ._%

" 77 '
L L € pe :‘ Ep1 € fm, J p2

PART 2 — CFRP Strands Figure C1.7.3.1-2—Compression-controlled Section SY;MPU SIUM




* Flexural Design Highlights

Design guidance and tools — Flexural Design

Bottom Half of Beam with Tendon Layout

:..:...:.:.:...:P':

Tension limit at Service Il is 0.19 Vf’c (ksi)
Strength Limit State will often govern.

Resistance Factor ¢ = 0.75, for both
compression-controlled and tension-

controlled designs

1.2

114

BeamType = "FSB15"

hpeam = 15-in

2
Agirang = 0.179In
#Strands = 26

Final Stresses (ksi) Top, Bottom, & Allowable

.
T

= == Top Beam Stress Service Ia

=== Top Deck Stress Service Ib =
e+ Top Beam Stress Service Ib
= o @ Bot.Beam Stress Service I11
s T'opy Beam Stress Fatigue T

o &= A llow.Compression Service la
I R N R R R R PN RN R R RN NN NN o
A llow. Compression Fatigue |
o o @ Allow Tension Service 111

e Allow, C0|npression Service Ib §

&Mn, Mer, and Mu (Strengthl & II) (kip-ft)

-
-

1000f

tension-controlled
| """""'; " T Nowmgestressed
1 e 50

miq'{ Ld) Lieam —Jlmin{Ld}

" ;

1
PMn ]

L - ]

(A — e — — ' L
0.15(5, — &) :/ M minimum
0.75s¢=0.75+ —(”H = i;(.[.) <0.9 : M Strength |

] M Strength I1
] 1 )
__Compression | Transition n Tension | ] e\ required
Controlled Controlled 20 40 e
Ey & Ey

13
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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

1.8.2.1—General

The factored shear resistance, V,, shall be taken as:

V= ol (1.8.2.1-1)
where:
[0} = resistance factor for shear as specified in
Article 5.5.4.2 of AASHTO LRFD Bridge
Design Specifications
Vi = nominal shear resistance as specified in

Article 1.8.3 (kip)

PART 2 — CFRP Strands

€,
r P -q—c B T—— {-—f"
0.5h M Vu —
1}
l V,cotf
L I N, -— —1—
Flexural [} /
0.55 tension L €, 0.5d,
| A side {l‘/ {’ {r‘/ f(f T 1
Section Sectional Diagonal Equivalent Longitudinal
Forces Cracks Forces Strains

Figure 5.7.3.4.2-1—Illustration of Shear Parameters for Section Containing at Least the Minimum Amount of Transverse
Reinforcement, V, =0

1.8.3.1—Nominal Shear Resistance

The nominal shear resistance, V,, shall be determined as
specified in Article 5.7.3.3 of the AASHTO LRFD Bridge

Design Specifications.

Foof) 14

TRANSPORTATION

SYMPOSIUM




Design guidance and tools — Shear Design

e Transverse Shear Design nghlights AASHTO CFRP-1[1.8.2.1] - AASHTO BDS [5.5.4.2]

* Use Shear resistance factor ¢ = 0.75 (not ¢ = 0.90 forshearandtorsionin

0.90) for GFRP stirrups monolithic prestressed
' concrete sections having

bonded strands or tendons
(Steel)

Shear Analysis but AASHTO GFRP-2 SpeC [2522]
Toggles the shear methodology desired by the user:
SheaiMethod o  "General Procedure" is the default shear design method per LRFD 5.7.3.4.2,
e ethod = "Simplified Procedure" corresponds to the "Simplified Procedure for H .
| General Procedwe v Prestressed and Nonprestressed Sections" per LRFD 7th Ed. Section 5.8.3.4.3. ¢ — O . 7 5 Use th IS va I ue - Conservatlve
This procedure was removed from the 8th Ed .
ShearMethod = 1 o "dppendix B5" corresponds to the "General Procedure for Shear Design with fOf' now u ntll N CHRP 12'12 1
Tables".
- | completed
MildRemfType = "Glass Fiber Renforced Polymer”

hyp, = f (MildReinfType = "Glass Fiber Reinforced Polymer" .0.75.0.90) = 0.73

/ e \
Factored Shear / Nominal Shear

PART 2 — CFRP Strands Resistance Resistance factor Resistance oL
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Design guidance and tools — Shear Design

* Transverse Shear Design Highlights Nominal Shear Resistance

Contribution by concrete /. = 0.316fA/ f; b,d,,

* Use General Procedure (MCFT) Contribution by transverse reinforcement
P froAydy,coth

c i b T

e - - Contribution by prestressing
Section Sectional Diagonal quivalent Longitudinal . . .
Forces el Forees swais force in the direction of the
Figure 5.7.3.4.2-1—Illustration of Shear Parameters for Section Containing at Least the Minimum Amount of Transverse S h ea r fo rce (V _ O fo r St ra ig ht
Reinforcement, V, =0 p
strands)

Vn — VC + Vf + Vp Avoids crushing in the web prior
Vn = min. /to reaching strength limit for
, stirrups
V, = 0.25f!b,d, +V,

PART 2 — CFRP Strands




Design guidance and tools — Shear Design

* Transverse Shear Design Highlights Contribution by GFRP transverse
reinforcement

frpAypdy,cott
e Use General Procedure (MCFT) B l S
Note:

|1 ars — 1
\ . ﬂ@i_js 57 ffv — m1n(0004Ef, ffb)
Fo== /- Barz M, J‘ —— - For |-Beams (FIB & AASHTO i

L7 R - ,
E———— =, Typell), designer may need 0.004E, = 26 ksi
—|, . — Sl
Bars 5t —PNC Bar 5A t0 pair Bars K to meet the f

Ve

ey o "" 5 shear resistance with GFRP (Typically Governs!)
roy | sz Cover stirrups since approx. 1/3
”ﬁﬁ/ i N Bar 3 the factored contribution of /) fb = Pvenal, fa
Cover :l/ ' Bars 3D (Pal steel stirrups. T
yp.) .
o _ Tp
[ I 5

P | < for FDOT per Spec. 932-3




Design guidance and tools — Shear Design

FSB: Additional stirrups (shown in orange) will

* Transverse Shear Design Highlights

be required for GFRP compared to steel.

L = Beam Casting Lengt

\ {Overall Length of Beam alang § Beam including length increase &
and Dim R to compensate for elastic and time deper
B 57 - Bars 6Y o Bar 4K Pairs (Typ. _ :
_ - A =g [
i=]
gg l i H - H H H l { |v
. . . . . . I~ H i i Ll
* Limit maximum stirrup spacing to 0.5d (not E L L
;1, L o 5 0 EE o) o ) =1 =L B ool
A
0.8d .. —
. V) 1% Chamferj\END ; Bars 3C (Typ.) LEVATION

Additional GFRP stirrups will be required
compared to steel stirrups

Steel Stirrups: Smax = min(0.8d,,,24") forv,<0.125 f’.  AASHTOBDS[5.7.2.6]

GFRP Stirrups: Smax = min(0.5d ,12") AASHTO GFRP-2 [2.7.2.6]

PART 2 — CFRP Strands




Design guidance and tools — Shear Design

* Interface Shear Design Highlights

e AASHTO CFRP-1 does not address,
but interface shear resistance
section, but generally refers back to

BDS.

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

* Note that f;, should include the
reduction factor for bent bars.

Vii = @V

PART 2 — CFRP Strands

2.7.4—Interface Shear Reinforcement—Shear
Friction

For interface steel reinforcement, the provisions of
Article 5.7.4 of the AASHTO LRFD Bridge Design
Specifications shall apply.

For interface GFRP reinforcement, the design shall
comply with the applicable provisions of Article 5.7.4 ot
the AASHTO LRFD Bridge Design Specifications.

The interface shear resistance shall be calculated
based on the design tensile strength of the GFRP
reinforcement considering reductions for service
environment, fi, as specified in[Article 2.4.2.1,|and the
applicable cohesion, ¢, and friction, , factors as specified
in Article 5.7.4.4 of the AASHTO LRFD Bridge Design
Specifications.

Vii = CAcgp + .u(Acfffd + Pc)

area of reinforcement crossing the shear plane FDOT]

19
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Design guidance and tools — Shear Desig

* Interface Shear Design Highlights

Includes

reduction factor
due to bends

Interface Shear Reinforcement

Design strength of interface shear reinforcing

MildReinfType = "Glass Fiber Reinforced Polymer”

Composite

§ Slab

fy 4 stimsp = if| (MildReinfType = "Glass Fiber Reinforced Polymer" v | = 31.54-ksi
fml: If{ f}‘.d.l‘l"ﬂm - 601:51601:51‘1:‘}#““] Vye l
if (£y.4 stirap > 60-ksi 60 ksi ., g crirup) Vi+av
assiened a ro1g hened sinface S =028ksi p:=1.00 ,\IE:.,J.,\; 0.3 K, = f["\'beam < []_135—E ,1.3 kesi | I.Eksi)
o3
Cuz —Pl———=
Tuz -—]

Al
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Design guidance and tools — Beam End Zone

* Confinement Reinforcing
 CFRP-1 defaults back to BDS
 Due to lower stiffness of GFRP

1.9.3—Details for Pretensioning
1.9.3.1—General

Unless otherwise specified, applicable provisions of

stirrups we may need to increase Atticle 5.9.4 of the AASHTO LRFD Bridge Design
size or reduce spacing to control Specifications shall apply.

crack size — Contact SDO for

Guidance!

v' 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] i 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

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

FDOT!) 21
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Design guidance and tools — Beam End Zone

* Confinement Reinforcing

e 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!

Spacing Bars 5K 24 4 sp.@ 34" 12 sp.,@ 3 L 51 spa@ VI
FIB-36 (Index 450-036) Example: spacing Bars awt_syr | | 25007 | ss oo | Bars 443
or 4M2 | [ o ) sp. @ 1I'-0"
Spacing Bars 52 3" 4 sp. @ 3
] 4 Bars 5A &
‘ ‘ ‘ Bars 57 Bars 4M1 or ﬁi:;}sx Strands N
i 4M2 (Typ.) : Bars 4M3
Bars 5K — A | a0 q A ,/7\\” o "
I—Bars am .‘.
— T - — Bars 57 - —
i % 9 T (Bundied with = ]"’ |‘ ]"’ = !
I Lo Sty Bars 5K & 57) i M \ H ”
Bars 5Y A<I ‘ o _Bar 54 Epoxy Coating : Ll ii@j‘ff.‘bﬂj:ﬂ?&lfr
PR A {See Naote 12) | er or
15 7 921 —‘“‘-I 2 Skewed Ends
30 ‘A Bars 3C |
1'-3% ) ‘ \ 2% cover (Typ.) [ |
1'-3" R -I-—l\ ! ) Bars 3D (Pairs W Additional Bar(s)
— I Bar 3¢ _ Typ.) Rotate as | 3D1 or 302 for
“over X Bars 3D (Pai required to clear | Skewed Ends
'T- ] Anchor Studs _‘_“Q
: X 13" Cover ih ‘
S il . ) | . ::
—_— —_ L _{' - I
o od oo — Co i
- . . \ | | | | Foot) 22

£ - 2
F | o 15" Chamfer —/\'/ ‘\—\—IBar 5 52 (Typ.) ‘ | fﬁ.M-JPL'_}F!TATIDI‘-.I
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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.

Pretensioned Anchorage Zone
Total prestressing force at transfer

» Splitting Resistance ~ P; = Ny fiApy

LRFD:

» 4% P; from the end of the beam to h/4

FDOT SDG 4.3.1.D (more restrictive)

« 3% P; from the end of the beam to h/8, but = 10"
5% P; from the end of the beam to h/4, but = 10"

« 6% P; from the end of the beam to 3h/8, but = 10"

Splitting Resistance

Stress in FRP bar < 20 ksi
S For pretensioned I-girder or bulb tees, Ay is
%‘ In LRFD, f; for steel is limited to 20 the total area of the vertical reinforcement
si for crack control. However, for FRP, it : )
may depend on the “effective” stiffness of located with a distance of h/4 from the end
the anchorage reinforcing of the member )3

FDOT)
TRANSPORTATION
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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!

Spacing Bars 5K 2¥™ A spo@ 3 12 sp.@ :
Spacing Bars dM1  3¥" | 2 spo@ 7 | 6 sp.@ ¢
or 4M2 [ ] )
FIB-36 (Index 450-036) Example: W s sz 3| L'z o 3
1
Bars 4
3h/8 = 13.5" 1] Bars 57 ! |
+— —¥ f
h 4 "o Bars 5K % A
/ = 9 H I—Bars a0 *-L Bars 5Y
oy 5 — T ]~ {Bundled with == e —
_ Bars 4 (show T\\\UH T Bars 5K & 57) ~— | '[ |
gnd of as( @) Typ.) | St Epoxy Coating I
eam N Bars 5Y li_. Bar 5A
~J - o o - ‘ . (See Note 12)—__|
N N e 11 1'-5" 7" g A Bars 3C | A
R I N AR 3 ' ars [
— L T Bar 52 . || Typ.) |
I 0o Ve 1r-3% |\ 2%" Cover ) |
Y 2 : ! il "3 T Bars 3D (Pairs
N Lo 7 I'3"R_/ M Bar 3C Typ.J Rotate as |
‘ o 8 - Bars 30 (Pai required to clear | L
I af e over !
— L Bar 5K ] | Anchaor Studs ___""“'ék N
S I yp. : : 135" Cover |
Bar 57 ——] + U / \ :

SECTION A-A FOR CONVENTIONAL REINFORCING 9 . T . 5 _/;\,
(Showing Bars 5K, 5Y & 5Z Only) ! | N~ 1% Chamfer

G N Eee
’-/
—
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More Design guidance

* Design Guidance

Fiber Reinforced Polymer Guidelines DRAFT  Topic No. 625-020-018
FLORIDA DEPARTMENT OF TRANSPORTATION 3 - Carbon Fiber Reinforced Polymer (CFRP) Strands January 2022

3 CARBON FIBER REINFORCED POLYMER (CFRP) STRANDS
31 PERMITTED USE

P =~ Bl i """‘.,_ P = Standard Plans for sheet piles, and square and round bearing piles with CFRP strands
. e .k 5 are available. See SDG Table 3.5.1-1 for additional requirements. CFRP strands may be
7 ), || ; used with the pretensioned beam shapes shown in the Standard Plans without prior
R i A . N approval of the SSDE.
STRUCTURES MANUAL FIBER REINFORCED POLYMER . T ifi At ;

GUIDELINES (FRPG) Note: Additional clarification is

Volume 1 - Structures Design Guidelines need ed on hOW to des|gn for

Volume 2 - Structures Detailing Manual STRUCTURES MANUAL .

Volume 3 - FDOT Modifications to LRFDLTS-1 ANy 20 FRP shear stirru ps & en d zones

[ Volume 4 - Fiber Reinforced Polymer Guidelines ]

Freguently Asked Questions
2018 Revision History FD OT
Archived Structures Manuals

Additional Links -

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

PART 2 — CFRP Strands
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Design guidance and tools

e Materials & Construction

M Materials Acceptance and Certification System
I

elect Report to View

Production Facility

Aggregate Production Facility Listing Lists all Aggregate Production Facilities

All Producers (Excel) Lists all non-expired Production Facilities in an Excel file

Approved Aggregate Products For Friction Course Lists all Aggregate Friction Course Products by Geological

Approved Aggregate Products From Mines or Terminals Listing Lists Approved Aggregate Products for Mines or Terminals

Approved Products at Expired Mines or Terminals A summary report to identify Approved Products at Expired
Terminals Expired at Mine

Asphalt Production Facility Listing Lists all Asphalt Production Facilities

Asphalt Recycled Products Approved Asphalt Recycled Products Report by Plant

Asphalt Targets Alisting of the asphalt gradation and gravity (Gsb) data for ¢

Cementitious Materials Production Facility Listing Lists Cementitious Materials Production Facilities

Coatings Production Facility Listing Lists all Coatings Production Facilities

Fiber Reinforced Polymer Production Facility Listing Lists all Fiber Reinforced Polymer Production Facilities

https://mac.fdot.qgov/smoreports

PART 2 — CFRP Strands

FLORIDA
DE PARTMENT
F

0

T

D SPECIFICATIONS
FOR
oAD AND BRIDGE
p ._mETFUc“E'”
JANUART 2022

STANDA

R

Sections 415, 450, 932-3 & 933

https://www.fdot.gov/programmanagement
/Implemented/SpecBooks/default.shtm
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Design guidance and tools

* FDOT Design Software

FDOTi) # OFFICES MAPS & DATA CONTACT ABOUT PROJECTS RESOURCES NEWSROOM

Structures Design V6.0 includes selections for:
a) HSSS or CFRP prestressing strands

Programs Librar
° Y b) SS or GFRP shear reinforcing

By downloading any programs, you are agreeing to the following disclaimer:
No warranty, expressed or implied, is made by the Florida Department of Transportation as to the accuracy and functioning of any prog

results they produc

Transportation in a Used with FDOT Standard Plan Index 450-010 to

The Structures De: 450-299 (formerly Index 20010 to 20299) to design

For Mathead pront P T ESTr€SSEd 10/01/2021 Exe (Zip) simple span prestressed beams (Florida-1, AASHTO,
Beam v6.0 (Mathcad 15) Florida Bulb-T, Florida-U, Florida Double-T, Flat Slab,

Inverted-T, FSB) in accordance with the AASHTO LRFD
Bridge Design Specification.

. 27
https://www.fdot.gov/structures/proglib.shtm ,pmmr_,r.d
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Review Background & Research

* AASHTO Design Guide e AASHTO Design Guide

Specification for CFRP-PC Beams Specifications for GFRP-RC

RESEARCH REPORT 907

AASHTO LRFD Bridge

Design Guide Specifications
for GFRP-Reinforced Concrete

Design of Concrete
Bridge Beams Prestressed
with CFRP Systems

2" EDITION

nnnnnnnnnn

Guide Specification for the

Design of Concrete

Bridge Beams Prestressed A
. 5 / O
with CFRP Systems o
<
2018 S
First Edition R i R
A |
N

Guide for the Design and
Construction of Structural
Concrete Reinforced with
Finer-Reinforced Polymer
{FRP) Bars

PART 2 — CFRP Strands
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Review Background & Research

* Ongoing Research

« NCHRP 12-121 Guidelines for the Design of Prestressed Concrete Bridge
Girders Using FRP Auxiliary Reinforcement

NCHRP 12-121 [Active]

Guidelines for the Design of Prestressed Concrete Bridge Girders Using FRP Auxiliary Reinforcement

Project Data

Funds: $540,000
Staff Responsibility: Dr. Waseem Dekelbab
Research Agency: University of Houston
Principal Investigator: Dr. Belarbi, Abdeldjelil
Effective Date: 411972021
Completion Date: 4/19/2024
PART 2 — CFRP Strands rooh 2
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https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4965

Where to find more CFRP-PC info & training

FDOT Transportation Innovation Challenge

* FRP-Design Innovation

The Department invites you to share your thoughts on ways we can challenge ourselves to be
innovative, efficient and exceptional at our Invitation to Innovation website w Florida Department of

FD OT TRANSPORTATION E-Updates | FL511 | Site Map | Translate

Search FDOT... [»]

f . Improve Safety, Enhance Mobility, Inspire Innovation

We also invite you to review our Design Office Innovations listed in the links below. Additional Home AboulFDOT Careers ComtactUs Maps & Dala  Offices Performance  Projects
innovations will be added as they are identified and developed. If you have any questions,

details and contact information are included within the information for each innovation web Structures Design

site. Structures Design / Design Innovation

Fiber Reinforced Polymer Reinforcing

Structures Design Office

= = = Structures Design - Transportation Innovation
Curved Precast Spliced U-Girder Bridges Fiver Reinforced Polymer (FRP)
Reinforcing Bars and Strands

Fiber Reinforced Polymer Reinforcing Overview

Usage Restrictions / Parameters
Design Criteria

FRP Members and Structures specitications

Producer Quality Control Program
Projects

Geosynthetic Reinforced Soil Integrated Bridge System Technology Transfer (T2)

FDOT Research

Contact

Geosynthetic Reinforced Soil Wall Overview

The deterioration of reinforcing and prestressing steel within concrete is one of the prime causes of failure of concrete
Prefabricated Bndge Elements and Systems structures. In addition to being exposed to weather, concrete transportation structures in Florida are also commonly located in
aggressive environments such as marine locations and inland water crossings where the water is acidic. Cracks in concrete
create paths for the agents of the aggressive environments to reach the reinforcing and/or prestressing steel and begin the
Segmental Block Walls corrosive oxidation process. An innovative approach to combat this major issue is to replace traditional steel bar and strand
reinforcement with Fiber Reinforced Polymer (FRP) reinforcing bars and strands. FRP reinforcing bars and strands are made
from filaments or fibers held in a polymeric resin matrix binder. FRP reinforcing can be made from various types of fibers such as

UItra_High Pe rformance Concrete (UHPC} glass (GFRP), basalt (BFRP) or carbon (CFRP). A surface treatment is typically provided that facilitates a bond between the

reinforcing and the concrete.

h : . ; ] ] FRP.sh =
PART 2 — CFRP Strands ttps://www.fdot.qov/structures/innovation/FRP.shtm .mp. -
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Where to find more CFRP-PC training

Structures Design Office / FDOT 2020 CFRP-PC Design Training Course -

Structures Design FDOT 2020 CFRP-PC Design Training Course TR

o ks RaforsedPatpoas (2FRF} Systane

Structures Design / Design Innovation

Fiber Reinforced Polymer Reinforcing

Training Information

Dates
September 9, 2020 FDO‘-ﬁB fr';:;‘;';“;;:;‘.}o" UN .VERSI TYcf HOUSTON
Location
Structures Design - Transportation Innovation FDOT - Hosted Online via GoTo Design of Pretensioned Concrete Bridge Elements with
Fiber Reinforced Polymer (FRP) Webinar Carbon Fiber-Reinforced Polymer (CFRP) Systems

Reinforcing Bars and Strands

Overview
Usage Restrictions /| Parameters

Design Criteria
Specifications
Standards

Producer Quality Control Program

Abdeldjelil Belarki, PhD, PE, FACI, FASCE, FSEI
Distinguished Professor
University of Houston
belarbi@uh.edu

September 9, 2020

I

Technology Transfer (T2)

Video Recording - Design of Pretensioned Concrete Bridge Elements with CFRP Systems (GoTo Stage)

Contact Presentation Slides:
Overview 2020 + Introduction
The deterioration of reinforcing and prestressing st ir * TRB 2020 Workshop 1063 (Jan 12, 2020): " Prestressing CFRP

« Flexural Design

= Externally Bonded Wraps - Shear Design

structures. In addition to being exposed to weather, co
aggressive environments such as marine locations and inl
create paths for the agents of the aggressive environments
corrosive oxidation process. An innovative approach to com

= Axial Design - Prestressed Piles

= FRP Design Tools, CBB Implementation & Pedestrian Bridges

reinforcement with Fiber Reinforced Polymer (FRP) reinforc Support Documents:

from filaments or fibers held in a polymeric resin matrix bind » FDOT Executive Workshop (January 15, 2020) + Matchcad Desig ple - FIB36 Girder

glass (GFRP), basalt (BFRP) or carbon (CFRP). A surface 1 + Matchcad De: mple - FSB12x57" Slab-Beam
reinforcing and the concrete. * FTS2020 "FRP Reinforced and Prestressed Concrete Designer Training Inti - Matchca n Example - Bearing Pile 18™x18"

- FDOT/FRP Industry 4th RC/PC Workshop (August 4, 2020)

* FDOT CFRP-PC Designer Training for Bridges & Structures (September 9, 2020)

a MARYY 3NN Infractrishirs CAunatinn Dracantatinn: Aduvamsaasmants in camoaasiba infrasks

FDOT!)

https://www.fdot.qov/structures/innovation/FRP.shtm F’-
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‘2% Florida Department of 2020 Training on CFRP-Prestressed

FDOT TRANSPORTATION . .
— Concrete Design for Beams and Piles

6-Hour Recorded Webinar Course

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

Abdeldjelil Belarbi, PhD, PE, FACI, FASCE, FSEI

400 . e .
Distinguished Professor
300 University of Houston
2 belarbi@uh.edu 3
Z
100 —— Prestressing Carbon Steel UNIVERSITYof HOUSTON
CULLEN COLLEGE of ENGINEERING
—Prestressing CFRP Department of Civil & Environmental Engineering
0
0 0.01 0.02 0.03 0.04 0.05 0.06 —
.PORT.»'-chr-J
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Questions

Contact Information

NO text.
NO call.
NOTHING ITS THE LA

is worth losing a life over.

Steven Nolan, P.E. Vickie Young, P.E.

FDOT State Structures Design Office, FDOT State Structures Design Office,

605 Suwannee St, Tallahassee, FL. 32399 605 Suwannee St, Tallahassee, FL. 32399
Steven.Nolan@dot.state.fl.us Vickie.Young@dot.state.fl.us

FDOT! 33
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FDOT Implementation - FRP-RC/PC Projects

FRP-PC Piles & RC projects:

Arthur Drive over Lynn Haven Bayou **

Bakers Haulover Cut Bulkhead Replacement **

Cedar Key Bulkhead Rehab **

Halls River Bridge **

NE 23" 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 **

PART 2 — CFRP Strands

]

FSB FRP-PC projects:

Construction completed:
e US-1 over Cow Key Channel **

® 9 99 09

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

** completed

FRP Rebar Projects

GFRP (Glass) Projects

CFRP Prestressed Piles (Index
D22600/22600) Projects

CFRP (Carbon) Projects
BFRP (Basalt) Projects

CFRP/GFRP Concrete Sheet Piles
(Index D22440/22600) Projects

Other

’ [ Ja[lahassn :Jacksonville
'Y
90, !
O’O,G @0 L 4
(o4 /’o . FI ?
@b ’/@c\ Orlafido
070 - @/J/}" (S‘ ® Tampa
2 Cu g
*
EY
*
B

Sample Projects -
Current & Completed
in Florida

FDOT) 34
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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)

PART 2 — CFRP Strands 2
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Design guidance and tools — Beam End Zone
* Confinement Reinforcing — AASHTO Type Il: GFRP Modification for

concrete cover
e Using typical #3 Bars D.

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

. 251
AASHTO Type Il i .
Example 3 G 5
kil
356 ¥
/ #3 GFRP ~ 2 1/4” dia. bend
CONFLICT with

” GFRP confinement (aS drawn)
2" cover reinforcement configuration

Modified GFRP confinement

GFRP Stirrup

Steel Stirrup
Bends

90°
STIR!

Det

STIRRUF

BAR -
size | P

#3 15/2"

#4 2"

#5 | 215"

#6 | 41"

reinforcement configuration

#7 | 5"

Bends
oze| P
#3 2l
#4 3"
#5 | 33"
#6 4l
#7 sl
#8 6"

#8 6




Design guidance and tools — Beam End Zone

* Confinement Reinforcing — Type Il GFRP Modification concrete cover
* Using #3 Bars D.

* Al

so, using 3” spacing is possible for increased confinement stiffness, but may not

be necessary with limited strands (13) as shown in BVD30 977-22.

AASHTO
Example

Type ll

#3 GFRP Bars D
at standard spacing.

SYMP[}SIUM




Design guidance and tools — Beam End Zone

* Confinement Reinforcing — GFRP Modification (FIB Option) to increase

stiffness

e 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 3%” not a realistic option for FIB Beams.

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

FIB Example
F\
©
W
. Q
%
Qo
(9]
@ i
\u 3\\ I ||'/ L/ Fh'
3" \ 16 Spacas @ 2" // 3"
[

#3 GFRP =2 %" dia. bend
(as drawn)

GFRP Stirrup

Bends
size | P
#3 2l
#4 3"
#5 | 33
#6 41/2”
#7 sl
#8 6"

Steel Stirrup Bends

g DN
QL:QJ
90°

STIR!

STIRRUF

BAR
SIZE

D

#3

I 3'/211

#4

2”

#5

2%”

#6

4}/2”

#7

5%1:

#8

6 Foot) 38




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.

FSB12 Example ¢ Beam _
P f S, Conflict
Align, Strands N w/2 | W/2 /
. ! ¢ Strand N &
with 2nd ﬂL -0 @S andsA 1'-0" )ﬁz‘lg ALREFTSE
6" i T K Pai . strand position*
outermost e F‘{ 3*\ 1 / 2" Chamfer
I | ( i] Bars 5E, See Details
strands \, \ -
][I A |
TN ° s
] @ #\® o\e® o o ® f e e e &§|e o ® e e T —
| Q‘h \k‘ . \‘ . cj) ....... K\_._ ® o o o JA ? . > %
AN\ / il
1%" Bars 3(.‘/ _’[ 2"
dover 52 T, D& ) | Cover
lsides) or Pairs See Flange Detail

Modified Strand N

position for GFRP

#4 GFRP =
3” dia. bend

Current Standard Index

Strand N position

Steel Stirrup Bends

{
Q “
90°
GFRP Stirrup STIR}
Bends STIRRUP
BAR I
BAR _ D
#3 2%1; #3 I,I/é”
#4 3" #4 | 2"
#5 33 #5 | 2"
#6 | 4l #6 | 4%
]r:
#7 | sy #7 | 54
Py o #8 | 6 roof) 39
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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

e Will need to Shift Strands N location due to conflict with Bars D. Remainder of Bars K
usually tighter spacing to

FSB12 E I Add 2 more rows of Bars K at end ~ meet max. shear spacing
Xampie 3” spacng for Confinement ,
I =
Align, Strands . w/2 (Overall Length of Beam along ¢ Beam incluc
) BaN 4D and Dim R to cempensate for ¢
N W|th Z”d L -0 L5 Pan’s v
6" T - (TY Bars 57 — Bars 6Y Bar 4K Pairs (T
outermost m}fﬁr F—{ = 2 | \ -r H—
strands \/ \ | 3 [ - T
_I —-33%'-' [ v 0w | -
TN : 5 !
il 8 AN JORrE——0 01
AN f N \
1% 2 5 j 1% Chamfer jEND . - Bars 3¢ (Typ.)
c?r};irs) or ,Pairs (Typ.)

ELEVATION VIEW - Modified End Spacing for Bars K

Modified Strand N #4 GERP = 0
FDOT!)

position for GFRP "oy Preferred Solution T S A
3" dia. bend SYMPOSTUM




Design guidance and tools — Beam End Zone

* Confinement Reinforcing — GFRP Modification (FSB Optlon 2) continued:
 Keep Bars D & K as #4’s, but add 2 additional | 1-

w L/
rows of Bars K (closer spacing). T
e Will need to Shift Strands N location due to conflicﬂcsa;i\ !QE -
f i
FSB12 Example 1T ] P
I ~{
- \)
/2 =
- Add 2 more
R _—6ar rows of Bars K { At
rn}fﬁr\/ 3 ! (il : _ ]
i \ ! e
N ] .1 1
| Ne__o\\e \ /. ; \\ - \ - N |
('z&;r Bar 4p1, 4D2 j \ Bars 6F \_ Bars 3¢ {Tyo.,
Sides) e s Bar 40 Eairs %] 3 Spaces -0+ Spacing
Preferred Solution Spacing @ 3 {Shift Bar 40 Pairs fongitudinally as requ
Bars 4K coc o rors | ot |
PARTIAL SECTION VIEW TOP VIEW - Modified End Spacing for Bars K TRAN oK ATON

SYMPOSIUM




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

FIB-36 (Index 450-036) Example:

3h/8 = 13.5"
T 37 i &N
h/4 = 9" ? #5 GFRP =3 3%” dia. o
«——»
— Bars §Y (show Bend (aS drawn) Wy
Szngf as( @) Typ.) 8
_\ ri o r f‘ r ri g_
— I : h i : : | T |1,,; Bar 57 N~
Y g__y\z - Qa ( ik —+ - —lel—=
r‘w O ’\',; '7 r . | : p j —_— i 2 :
FaiR i HIP.C T I L L) ™
//: N : : . : ! - : : ! "
Bar 57 —] - - A - = 3" Spacqs @ 2" 3
SECTION A-A FOR CONVENTIONAL REINFORCING / 1
(Showing Bars 5K, 5Y & 5Z Only) .
#6 GFRP = 4 5" dia. bend = STRAND

CONFLICT unless cover in web is reduced

PART 2 — CFRP Strands
SYMPUSIUM




Design guidance and tools — Beam End Zone

* ADDITIONAL SLIDES Shear Design

(Maximum & Minimum Shear Reinforcing)

PART 2 — CFRP Strands R
SYMPOSIUM




Design guidance and tools — Shear Design

* Transverse Shear Design Highlights

 Provide at least the Minimum Transverse

Shear Reinforcing 0.004Er = 26 ksi
(Typically Governs!)
b,S  AASHTO GFRP-2[2.7.2.4]
Ay min = O-OSE . ffv o min(0.004Ef,ffb)
A o O 0316}\ ; va Acmin = {O.DSIIS-}«.- fc_m-ksi-%] if [(MildReinfType = "Carbon Steel
vmin — fe firfry AASHTOBDS [5.7.2.5] rm_E_kﬁ] .
alternate modification L £ S

Possible in future w
PART 2 — CFRP Strands A
SYMPOSIUM




Design guidance and tools — Shear Design

* Transverse Shear Design Highlights

e Use General Procedure (MCFT) — However,

Maximum Contribution by transverse

reinforcement

GFRP-2 [2.7.2.5] has a more conservative

limit for Vf maximum contribution.

2.7.2.5—Maximum Transverse Reinforcement

The nominal shear resistance provided by the
transverse reinforcement, Vg as specified in |Article
2.7.3.5|shall satisfy:

3

S—

'i.pm;.ﬂrm :

C2.7.2.5
The upper limit of Fy given by

Eq. 2.7.2.5-1,|1

Ve max = 0.25\/f! byd,

FDOT Beam Program v6.0, includes this limit:

15

intended to ensure that the concrete in the web of the beam
will not crush prior to rupture of the transverse

reinforcement.

v, < {HS% (2.7.2.5-1)
where: May be too restrictive for web crushing limit

(Av.grovate,_fydy -cot(B, )} if [(MildReinfType = "Carbon Steel") +

minf A, orov she,T5-dy_-cot 8, ).0.25- Jf; poprksi-b,- ¢.m) otherwise
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