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Outline:

Part 1 — Bridge Design (1:15 - 2:30pm) (Pelham, Masseus, Siddiqui)

1.

2
3
4.
5

Halls River Bridge Project Overview
Hybrid Composite Beams

GFRP-RC Deck Design

GFRP-RC Bent Cap Design
Challenges & Lessons Learn

(15 min. break)

Part 2 - Developmental Standards:

p)
6
7.
8

CFRP Prestressed Concrete Bearing Piles - (Nolan)

Cantilever Sheet Pile Walls (Bulkhead/Seawall) - (Nolan/Hunter)
Gravity Walls - (Nolan)

GFRP-RC Traffic Railings & Approach Slabs - (Nolan)

Part 3 - Research Project & Monitoring - (Roddenberry/Knight)

Part 4 - CEl’s Insights and Recommendations - (D7 Construction)

Part 5 - Open Discussion
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CFRP Prestressed Concrete Bearing

Piles
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CFRP Prestressed Bearing Piles

-18”x18”” Square
Concrete
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S~ F 1:3 Min.
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¢ Survey

- 6 Piles per
. Rubble Rip Rap 33'-2"
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CFRP Prestressed Bearing Piles

A. Standardization
I. Square CFRP Prestressed Bearing Piles

ii. Developmental Index D22600 & D22618 (now
conventional Design Standards)

. Development Basis
i. Research at FAMU/FSU
C. Design Criteria - ACl 440.4R
D. FDOT Material Specifications — (Dev) 932 & 933
E. Usage Criteria — SDG 3.5.1
F. Challenges :
I.  No AASHTO CFRP Prestressing Design Acl w0 amon

€approved 2011)

Specifications s
ACl 440.4R jacking forces limits (65% fpu) may
be too conservative for bearing piles

Cracking at pile cut-offs observed. Prestressing Concrete Structures
with FRP Tendons

Reported by ACi Committee 440
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CFRP Prestressed Pile Research:

* Roddenberry M, Mtenga P, Joshi K, (2014). “Investigation of Carbon
Fiber Composite Cables (CFCC) in Prestressed Concrete Piles”, FAMU-
FSU College of Engineering, for FDOT Project BDK83-977-17, April 2014.

http://www.dot.state.fl.us/structures/structuresresearchcenter/Final%20Reports/2014/
FDOT-BDK83-977-17-rpt.pdf

Load 5 (kN)
2

8

Elongation ##U (%)

Load and elongation diagram (Source: Tokyo Rope

Figure 5.4: EDC installation
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http://www.dot.state.fl.us/structures/structuresresearchcenter/Final Reports/2014/FDOT-BDK83-977-17-rpt.pdf

CFRP Prestressed Pile Research:

* Roddenberry M, Mtenga P, Joshi K, (2014). “Investigation of Carbon
Fiber Composite Cables (CFCC) in Prestressed Concrete Piles”, FAMU-
FSU College of Engineering, for FDOT Project BDK83-977-17, April 2014.

Florida Department of Transportation

Figure 12 — Diesel Covered Pile with Spalled Sections

SUMMARY OF PILE DRIVING OPERATIONS
CARBON FIBER REINFORCED PILES

January 31,2014
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CFRP Prestressed Pile Research

Other past pile research (referenced ACl 440.4R):

1. lyer,S. L., 1995, “Demonstration of Advanced CompositeCables for use
as Prestressing in Concrete WaterfrontStructures,” Final report
submitted to U.S. Army Corps of Engineers, Construction Engineering
Research Laboratory, Champaign, lll., Nov.

Arockiasamy, M., and Amer, A., 1998, “Studies on CFRP Prestressed
Concrete Bridge Columns and Piles in Marine Environment,” Final

Report Submitted to FDOT, Tallahassee, Fla., July.
http://www.fdot.gov/structures/structuresresearchcenter/Final%Z20Reports/1998/B-
9076%20-%20Final%20Rpt.pdf

Schiebel, S., and Nanni, A., 2000, “Axial and Flexural Performance of
Concrete Piles Prestressed with CFRP Tendons,” Proceedings of the
Third International Conference on Advanced Composite Materials in
Bridges and Structures (ACMBS3), Ottawa, Canada, Aug., pp. 471-478

HRB-FRP Workshop



http://www.fdot.gov/structures/structuresresearchcenter/Final Reports/1998/B-9076 - Final Rpt.pdf

Standardization —
Developmental Design Standards (2014-2016)
- Prestressed Concrete Piles (with CFRP only)

* Indexes D22600, D20601, D22614, 22618 & 22624

* New corrosion resistant piling for intermediate bridge pile
bents in Extremely Aggressive Environments (splash zone);

* Used for Halls River Demonstration Project.

18"

3" Cover
(Typ.)

0.2" @ CFRP Strand
spiral Ties

o {01 0l
S [
See Alternate /
Strand Fatterns

SECTION A-A 12 ~ 0.6" @, CFRP 7-5Strand, at 34 kips
12 ~ 15" @, CFRP Single-Strand, at 33 kips

ALTERNATE STRAND PATTERNS
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Standardization -
Design Standards (2016-2017)
- Prestressed Concrete Piles (with CFRP or SS)

* Indexes 22600, 20601, 22612, 22614, 22618, 22624, & 20630

* New corrosion resistant piling for intermediate bridge pile bents in

Extremely Aggressive Environments (marine)
* see Structures Design Bulletin 15-10 for more information and
* SDG Table 3.5.1-1 for application.

* Carbon-FRP strands (single or 7-strand) & spiral reinforcing or Stainless
Steel strand (7-wire) and spiral reinforcing (at contractor’s/producer’s

option)

24"

3" Cover
(Typ.) P ] 3" Cover

(Typ.}

0.2" @ CFRP Strand
Spiral Ties 3 q W‘I..U 55.
Spival Ties

L }@ o
» ALTERNATE STRAND PATTERNS s
RN see Strand ] STRAND PATTERN

16 ~ 0.6" @, CFRP 7-5trand, at 42 kips Fattern
SECTION A-A 16 ~ 15" @, CFRP Single-Strand, at 41 kips SECTION A-A

HRB-FRP Workshop

28 ~ 14" @, HSSS at 26 kips



http://www.fdot.gov/roadway/DS/18/IDx/22600.pdf
http://www.fdot.gov/roadway/DS/18/IDx/22601.pdf
http://www.fdot.gov/roadway/DS/18/IDx/22612.pdf
http://www.fdot.gov/roadway/DS/18/IDx/22614.pdf
http://www.fdot.gov/roadway/DS/18/IDx/22618.pdf
http://www.fdot.gov/roadway/DS/18/IDx/22624.pdf
http://www.fdot.gov/roadway/DS/18/IDx/22630.pdf
http://www.fdot.gov/structures/Bulletins/2015/SDB15-10.pdf
http://www.dot.state.fl.us/structures/StructuresManual/CurrentRelease/Vol1SDG.pdf

Standardization -
Design Standards

- Prestressed Concrete Pi

es (with CFRP or SS)

18" SQUARE PRESTRESSED CONCRETE PILE INTERACTION DIAGRAM

1200,

* Instructions -

I
o a (12) 0.6" Dia., CFRP
== mm (12) 1/2" Dia., CFRP
(16) 1/2" Dia., 11S8S

IDS-22600

(12) 1/2" Dia., Carbon-Steel (Black)
= e (12) 0.6" Dia. Carbon-Steel (Black)

* Nominal 1,000 psi

uniform compression

* Slight differences in
Strength Limit States
mainly due to

reduced resistance

factors for CFRP
prestressing. Refer to

the Design Aid M-N

Charts

HRB-FRP Workshop

&Mn (ft-Kips)



http://www.fdot.gov/rddesign/DS/18/IDS/IDS-22600.pdf

Standardization —
Design Standards
- Prestressed Concrete Piles (with CFRP or SS)

18" SQUARE PRESTRESSED CONCRETE PILE INTERACTION DIAGRAM
T T

* HRB Pile Data Table E
* Max. Axial Load = 288 kips

=2
=
&
<

PILE DATA TAE

INSTALLATION CRITERIA DE

PIER NOMINAL NOMINAL MINTA UM REQUIRED REQUIRED |FACTORE F};CE;?GRED DOWN
or BEARING UPLIFT TIR JET PREFORM DESIGN UPLIFT DRAG
BENT RESISTANCE |RESISTANCE (ELEVATION ELEVATION | ELEVATION LOAD LOAD (tons)
NUMBER {tans) (tons) (ft.) (ft.) (fe.) S, (tons)

M (fi-kips)

NSA

WA
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Standardization -
Strength Design Modelling
- Prestressed Concrete Piles (with CFRP or SS)

. . 18" SQUARE PRESTRESSED CONCRETE PILE INTERACTION DIAGRAM
* CFRP strands linear-elastic = —

e m e (12) 1/2" Dia., CFRP

to fail ure 0 llhlle"lJia::llSSS

CFCC(0.6”~7-cord)
© E,=22,480ksi

© fou=339 ksi

CFRP (1/2”~single-rod)
* E,=18,000 ksi
* fpu=300Kksi

Load &M (kN)

Resistance Factor
* ¢=0.65t00.85

Elongation #8U (%)

Load and elongation diagram (Source: Tokyo Rope)

Use strain compatibility
method

Carbon

Environmental Reduction
Factor (C;) not addressed in
ACl 440.4R. Used 0.9 for
Interaction Diagrams

Aramid

Strength reduction factor, ¢

HEB"FEP WDF/QShﬂp O'OOTZ\Iet tensile strain no



FDOT Specifications

a) Standard Specifications (effective July 2016):
* Implemented previous Developmental Specifications for
FRP materials;
Added Stainless Steel Bar, Wire & Strand;

931 Metal Accessory Materials for Concrete Pavement
and Concrete;

b) Previous Developmental Specifications:
* Dev400FRP Concrete Structures — Fiber Reinforced

Polymer Reinforcing;

Dev410FRP Precast Concrete Box Culvert;

Dev415FRP Reinforcing for Concrete;

Dev450FRP Precast Prestressed Concrete Construction -
Fiber Reinforced Polymer (FRP);

Dev932FRP Nonmetallic Accessory Materials for
Concrete Pavement and Concrete Structures;
Dev933FRP Prestressing Strand;

HRB-FRP Workshop




Usage Criteria
- Prestressed Concrete Piles (with CFRP or SS)

SDG Table 3.5.1-1

* Piles in the “splash zone” (= Intermediate Pile Bents in marine
environments), preferred use of Carbon FRP strands & spiral
reinforcing or Stainless Steel strand and spiral reinforcing.

Table 3.5.1-1 Concrete Pile Size and Material Requirements

Pile Location

Minimum Square
Pile Size (inches)

Minimum

Bridges

Vehicular

Bridges &
Fishing
Piers

Pedestrian

Cylinder

Pile
Diameter
(inches)

Material Properties for All Pile Sizes’

Strand Type

Spiral Type

Reinforcing
Bar Type

On land orin
water in
environments
that are
Extremely
Aggressive
due to
chlorides

Widenings

242

18

54

Carbon steel,
Spec 933

Spec 931

Carbon steel,

Carbon steel,
Spec 931

New
Construction

On land or in water in all

243

188

543

Carbon steel,
shar 0273

Carbon steel,
"{rn.r- 031

Carbon steel,

Sooc 031 |

18

CFRP,
Spec 933

CFRP,
Spec 932

GFRP or CFRP,
Spec 932

Stainless steel
Spec 933

| Stainless steel,

Spec 931

Stainless steel,
Spec 931

other environments

18

Carbon steel,
Spec 933

Carbon steel,
Spec 931

Carbon steel,
Spec 931

|Footings

In water (waterline or

mudline) in environments that

are Extremely Aggressive
due to chlorides

242

Carbon steel,
Spec 933

Carbon steel,
Spec 931

Carbon steel,
Spec 931

On land or in water (waterline
or mudline} in all other
environments

18

14

54

Carbon steel,
Spec 933

Carbon steel,
Spec 931

Carbon steel,

Spec 931

/ 3 The use of FRP or stainless steel strand and reinforcing is preferred for use in splash zones.




Usage Criteria
- General FRP guidelines

* Structures Manual Vol. 4 - Fiber Reinforced Polymer
Guidelines (FRPG).

Overall commentary on FRP;

Specific design criteria, plan content
and Specification requirements;

Design review requirements;
Approval of use process;

Permitted uses for each type of FRP.

http://www.fdot.gov/structures/StructuresManual/
CurrentRelease/StructuresManual.shtm

REB-FRP Workshop


http://www.fdot.gov/structures/StructuresManual/CurrentRelease/StructuresManual.shtm

Fabrication Challenges with CFRP

Strands (Spec. Section 450 & 933): fty;tdri“”t;
Use self-consolidating concrete only; VL
No flame or shear cutting of CFRP strand;

Tie using plastic coated wire or zip ties;

Spirals for CFRP reinforced piling must also be CFRP;
Headers must be wood, or steel with rubber grommets.
Coupling to steel strand tails for stressing

(photograph) FDOT. Coupling (photograph) FDOT. Wooden (photograph) FDOT.
CFRP Strands to Steel Strands. Headers For CFRP Strands. CFRP Pile Casting with SCC.

HRB-FRP Workshop




Challenges with CFRP Strands

(Halls River Bridge):
* Cracking at cut-offs
» Lifting Devices (form removal)

L 1'—6 1/4" (TOP) _

1'—6"(MID POINT)

PAIR OF STANLESS STEEL
RODS (4 LOCATIONS)

FOR STRIPPING FROM FORMS
(SEE BELOW FOR MORE INFO)

SMALL RADIUS CORNERS (TYP)
NUMBERS 1 THRU 12, INDICA

1/4"JJ 1'-53/4" Jﬁ"

(Photographs - FDOT). Strand contraction and cracking at cut-offs. DRAFT FIDRAFT

(BOTTOM)
(Figure) Corrosion resistance lifting device

HREB-FRP Worlkshop from Shop Drawings (Gate Precast)




Challenges with CFRP Strands _

(Halls River Bridge):

* Cracking at cut-offs — possible actions:
* Decrease spiral pitch << 6”
Increase spiral size > 0.2” to 0.3” dia.
Reduce prestressing force ®
Seal cracks at exposed faces as needed
(Photographs - FDOT). Strand
Or do nothing for now and monitor contraction and cracking at

cut-off.

5 Turns @ 1" Pileh 5 Turn 1" Pitch *=
r | 16 Turns @ 3" Pitch \ " Ritch | 16 Turns @ 3" Pitch | —‘

‘ﬂ |

'M‘ ’M' MR NN AU AN A ARERRARA AT |ﬂ||ﬂ|||||
IIIIIII T |||I "l'
| ‘ |u| ||III |Ill llull ||J| ||=|| || III I'u'l I|I||I |III LUV A | | | RN 'lll' || : IIlIII |||=I|| |||I| I'U'I |I|||I ||l.II I| ||| “ I

0.2 @ CFRP Strand Spiral Ties —/ ¥ x 3" Chamfer (Typ.)

ELEVATION
(Figure) Spiral reinforcing from FDOT Index D22618
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Cantilever Concrete Sheet Pile Walls

(Bulkhead/Seawall)

HRB-FRP Workshop




Concrete Sheet Pile Walls

Begin
Bridge
F.F.BW.
End Bent 1

EJ

Sheet Piles:
- 12” x 30” Concrete Prestressed

Sheet Section;

- 8 CFRP prestressing strands ;

- GFRP #4 stirrups and #5

supplemental reinforcing;

W

CFRP Sheet Pile Wall —/

Rubble Rip Rap
Bank & Shore (Typ.)

Caps:

- 24” x 27” Concrete
Section;

- GFRP #5 stirrups and #5
longitudinal reinforcing;

- Total Length 575’
- Integral Test Blocks

HRB-FRP Workshop

- Lengths vary 24’ to 29’

- Total 235 piles (12 corner piles)

2'-0" Min.

End Bridge
F.F.B.W.
End Bent 6

Vert. Cfr,l
EJ

Proposed Precast
Concrete CFRP

Sheet Pile Wall (Typ.)
DDS Index No. D22440 -




Concrete Sheet Pile Walls

(with CFRP/GFRP)

A. Standardization

CFRP/GFRP Prestressed Concrete Sheet Piles
(Index D22440)

GFRP-RC Bulkhead Cap (FDOT Instructions —
IDDS-22440, see Figure 1 below)

GFRP-RC Guidelines (Structures Manual -Vol. 4
Fiber-Reinforced Polymer Guidelines)

B. FDOT Material Specifications for strands and bars

i.  FRP Bars - Section 932 (Dev)

i. FRP Strands - Section 933 (DGV) Figure 1 Typical Cap Details

C. Design Criteria - ACl 440.1R & 440.4R pren e 1

i. 700 psi min. pre-compression A\ 25t [t

ii. Allow 6Vf’c tension for Service —+

Open Stirrups
between Plle
Siots

Caver (=

Limit State.
- Equivalent to 1,165 psi pre-comp.

Typ.) :

when no tension allowed.

PARTIAL ELEVATION

HRB-FRP Workshop

— Closed Stirrups

SECTION A-A




Concrete Sheet Pile Wall Caps
(with GFRP)

Example Original Plan Sheet >z
Details: -

Revised Plan Test Block Details:

. | - 4% 3 Spaces @ 6" 43
582 (Typ.)
CFRP/
GFRP
. Test
2 Block
Future
Note: Sawcut
1. Bulkhead caps and
test blocks are to be
B cast monolithically

with same concrete

12¢ x 30"

_{ mix. _ Sheet Pile
g Y, 2. Concrete cover T W
12 x 30" . iy S
Sheet Pile reduced in test /
7% 1-0" 7% blocks

SECTION A-A



Concrete Sheet Pile Walls

Plan Sheet Summary: Total wall cap length: 575 LF;

Total test block length: 395 LF Gravity Wall with RAP
Test block

Wall 1B, 2B, 3B: 2C-2G-2B FRP

Test block ol
2C-2G-2B FRP

isti Existing OE
/_ Exist. R/W Line Sta. 110+35.94 Sffal 110+72.39 3 B Cxisting (To Remain) W

47.22' Lt. \ 4y p2' Lt.

H b d (T “H’? H \l g;ab 21 !L0t+83.60 g;aé 2{ 1L2+4!.66 ;:;jrwe ) == :
ri e = 2 31 2 7 t. = . “p g2
Py y% Shoetbil ‘ “Green” concrete Hybrid (Type 'H°) .
restresse eet Piles ” J Boring B-] —=¢» Prestressed Sheet Piles
Existing BT

-~ = B B B ; g
109 \\ —— 187 Pipe Hlo L AL 13 € Construction & PGL W 114 7
L

1 I N 1 1 1 1 . 1 l 1 1 1 l /'l 1 1
A) i 7
AN oo 100ra00s Wall 4B, 5B, 6B: Test ers e 7 o roviaes  Dirbeionof staionig
= ta. +58. & £
f (To Be Relocated) 2 29.36" Rt. block @~ Boring TW-4

2C-2G-2B FRP Front Face of Wall Existing 0TV

7 st 66 Sta. 112+41.66 Py S, W
a—— 7 = S, s it

Wall 7A, 8A cast with Walls 4A, 5A; 6A : Test block a3 | exist. mw Line —

conventional concrete: 2G-2B-2C FRP Sta, 11249207 e

Sta. 110+33.16

44.56" Rt.

Begin Bridge

No test block VYR

Rebar position in test block Block extraction from Concrete | Wall 7B, 8B cast with
ji i ] casting conventional concrete:

No test block

| 4B | BFRP#S | CFRPO.6" | GFRP#S |  TBD |
HRE-FRP WOrk: es




Concrete Sheet Pile Walls

Plan Sheet Summary: Total wall cap length = 575 LF

Sta. 110+35.94
47.22' Lt. \

/— Exist. R/W Line

Sta. 110+72.39

47.22' Lt.

Existing BTV
(To Remain)

Existing SS
(To Be Relocated)

Begin Bridge (FFBW)

Sta. 110+72.17
1

109 _—— 18" Pipe

1 L 1 1 L

10
|

Sta. 110+88.60

" 31.02' Lt.

Existing BT J

1{1 (To Be Relocated)

Sta. 113+01.82
47.22' Lt.
Sta. 112457.86 Existing 55
47.22 Lt. (To Remain)
—— —_ . —
™~ Closure
Sta. 112+41.66 Pour
31.02 Lt. —
Boring B-1 —8
nz 13 § Constructiol

| 1 1 N L 1 1

Existing OE
(To Remain) _\

n & PGL 114
1 l—\ | 1

1 1

Sta. 109+80.15

Existing WM & ?’;ﬁg
r (To Be Relocated)

1 L
N 67°21'15" E

|___Sta. 110+88.60
31.89' Rt.

End Bridge (FFBW,
Sta. 112+58.00

Front Face of Wall

Direction of Stationing

&~ Boring TW-4

Existing 0TV
(To Be Relocated) \

Sta. 113+48.91
35.33' Rt.

Sta. 112+41.66 Sta. 112+41.66 - 18 Pipe
31.89 Rt. \ e

Sta. 112+54.33,
44.56" Rt.

Sta. 110+75.93
44.56" Rt.

Exist. R/W Line —
Sta. 114+02.69,

Sta. 109+23.84
30.36" Rt.

Sta. 110+33.16
44.56' Rt.

HRB-FRP Workshop

Sta. 112+92.07,
44.56" Rt.

CFRP/GFRP SHEET PILE WALL LAYOUT

36.33 Rt.




Concrete Sheet Pile Walls

Example Plan Sheet Details:

G

See sheet gW
14~1Fx30" &

S IZ49 N

4

A==

=

45700 00"

o ULQNE

Wall 5A/6A N
Sta, J10+7583 |
44 56" Rr

Sovo0on” — Srarter Pile
iType A}

5 i ¥
——|—_—|——|——|—_—|——T‘!'T_—T—-r—‘r_——n‘—ﬁ '!—'—l——r AP S Line
T

af Wall § Sheet Pi — Proposed OF

menl 447}

4-6% -8 (Se Wall 14/24
t
I5-0" (Wall 44) Z50 ) [ | 04+-86.60
14~12'x30° Sheet Plie Wall {Type Al 12'x 30" Sheet Pile W

Phase 111, Stage 1 Const 1] Phase JI, 5

CFRP/GFRP SHEET PILE PLAN VIEW

Existing Ground —\\ § Construction & PGL
Line EL. -2.500

e

Variable .-'J‘g.'é Variabie fl.'.::-e
Carner Pile Corner Pile CROSS REFERENCE:
L ! F leva I- i I- .
Sheet Pile Tip — o Starter Pife (Type &) L. For Elevation Wiews
EL. -25.537 CFRP/GFRP SHEET FILE ELEVATION VIEW
W, 5 1A ang 44}

HRB-FRP Workshop




Concrete Sheet Pile Walls

(with CFRP/GFRP - Type “A”)

Example Project Details (Index D22440):

dar

Har S4=—

2

slape anly gn the fenguee sige

v

A 3 Prastragsed (Typd
" Fars { Strands E-_]
- fr L 1 T T T
?_ /V 5, F _____________________ Bick-up Strangl See Detail "Or— [~ - E See Datail "E" - - E
3 / Har: iy Bar S M A i =
51 o 52 T ) i
o — xS (B==:.
55— ““L Bars A
L - a = -
= ®|E ~rBars 51 ;| @2 - Bars 52
? | = i . |®
_________________ ] B P _ 3 Cover ) B |z 3" Cover
= [~ Typd =2 Typ.)
A—-I ] Lo L] 5
L =
4l § sp. @ 4 spaced @ ['-0" Maximum @ 50, @ 3l Spacing far fa é R I

IYPICAL PILE

Fars 5

SECTION A-A

SECTION B-B

HRB-FRP Workshop

Wall
Thickness

CFRF STRAND DIA.

(in.)

MAX TMUM)
|

D
(in.)

TOTAL # OF
STRANDS

SECTION
MODULUS (in.}

* STRESS
(psi)

=10 in.

0.49 (12.5mm)

260"

4

10 500 730

0.5 {12.7mm)

27 =0"

s 12
st

8 500 530

0.6 (15.2mm)

27

el
51

8 500 840

0.49 (12.5mm)

370"

017
3‘:.4"

12 720

05 (12 7mml

210

2
5l 17

8 220

0.6 {15.2mm)

310"

A2}
Sfl.':

8 720

* Unit Frestress arter losses.
** Based on lifting using sfngle point pick-up.

Alternate symmetrical strand patterns:

(1) 4 sp.@ 2" & 1 sp. @ 8"
(2)02sp. @4 &1 sp @8




Concrete Sheet Pile Walls

(Hybrid with steel strands/GFRP stirrups - Type “H”")

Example Project Details (Index D22440):

Slape anly on the dengue sigde
10"
A 3 Praflraidad Tyt T 5 r
JI'_ &~ Fars A f/ i:f;IZJi = B ‘_'l See Detail "D" I"—' é See Detail "E" r"—" E
<
Ll Fi | 3 <
- I L |'_ _____________________ 1 i - '_/+\_ N ‘_\JJ_ .
- %, Plok-up Bheand B L d I R [
-l = T = ) BN = /
e / Gars \x Bars / B A ~ a\i/c
51 oy 52 ol ars ol |
-1 T 7T T a._.. EANCIS i Bars S1 | ©[% ! |~—8ars s2
. ] o | ® . 0 | & .
Gar 4-—"#‘___ ! ~ S5 1 ] 2" Cover & s i_ 2" Cover
far 54— <2 i (Typ.) =2 i (Typ.)
I A O U ¥ — ¥ 2
iy . —m S
e Al 3 | a S
K )
A—-'I (o) ¢ ]
SECTION A-A SECTION B-B
4 50 4 Spaced @ -0 Maxieum & 5o, @ 4 2l Spacing Far
Gars 5§
TYPICAL PILE

Wall |STEEL STRAND DIA|MAXIMUM TOTAL # OF SECTION STRESS
Thickness (in.) L STRANDS MODULUS (in.) {psi)

T=10 in. 0.6 26'-0" 8 9 500 920
T=12in. 0.6 29'-0" 8 9 720 800

* Unit Prestress after losses.

HRB-FRP Workshop




Cantilever Concrete Sheet Pile Walls

(Design Considerations)

Currently lower capacity compared to conventional sheet piles under
Index 604o0:

* Strength Limit State - Flexural or M-N Interaction Diagrams tools ?
* Service Limit State — 6Vf’c allowable tension (FDOT) vs. 3Vf’c for steel
strands, but lower pre-compression provided 700 psi vs. 1,000 psi:
* We can add more CFRP strands, but at cost (approx. $4/ft.)
* OKfor HRB... but do we need this for other projects?
Deflections should be similar for uncracked condition (gross section)

Non-prestressed versions with GFRP have unresolved viability
questions:
Durability of cracked section?
Sustained load limits for cracked section 0.2 f, (very low)
Crack width limits (0.02”) ... are these reasonable for buried side?
Deflections may become more critical (cracked section).

HRB-FRP Workshop




Cantilever Concrete Sheet Pile Walls

(Design Considerations)

* Strength Limit State — Flexural or M-N Interaction Diagrams tools?

12" PRESTRESSED CONCRETE SHEET PILE INTERACTION DIAGRAM

T
o . (8) 0.6 dia., CERP
jos o (5) 05" dia., CERP
(10) 0.6" dia., HSSS
(14) 0.5" dia., HSSS

Preliminary Moment-Axial
Load Interaction Chart:

- axial load usually negligible
for sheet pile

Service moment for 6Vf’c  _y
tension + 700 psi pre-comp
= 70kips

- 40

HRB-FRP Workshop A




Concrete Sheet Piles

(Corner Piles)

Example Project Details (Index D22440):
 #8 GFRP Bars longitudinally
* #4 GFRP Transverse Ties

Bars Al

Bars Al
Bars A3

Bars A3
Bars A4

Bars A4
Bars 51

Bars A4

Bars A4
— Bars A4

Bars A4

3" Cover
(Typ.)

SECTION A-A . .
(Photographs - FDOT). Corner Sheet Piles stored on site

HRB-FRP Workshop




Concrete Sheet Piles

(Lifting Device)

Lifting devices installation:

* Do these need to be corrosion
resistant if deeply embedded
and sealed in cast-in-place cap?

CFRP strands not practical;

Stainless steel strands have low
ductility — could be safely
concern;

SS manufactured lifting devices
can be expensive.

HRB-FRP Workshop

GEN. CONTRACTOR TCQ CUT LIFT LOOF
STRANDS BACK AT THE SURFACE AND
COAT WITH A TYPE 'F' EPOXY PER
SPECIFICATION SECTION 450-9,
BEFORE BULKHEAD POUR.

_ 210"
I (MIN. EMBED)

]
A
-=:II—‘

D,

-

A

DETAIL 4

I LIFTING LOOP
(2)1/2"@, 270 KSI
BLACK STEEL

(Figure) Shop Drawings details for lifting loops




Gravity Walls
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Gravity Walls (with GFRP)

A. General Information
Average 4 feet exposed height
ii.  32”length using RCA concrete %" Chamfer -
ii. 32’ length using RAP concrete
B. Concrete — Coarse Aggregate replacement:
i. Class NS = 2,500 psi 28-day strength
ii.  10-20% Recycle Asphalt Pavement (RAP)
ii.  10-20% Recycle Concrete Aggregate (RCA)
C. Structural System
i. Index D6011c Gravity Wall - Option C

Height (5'-0" Max.)

Ground

Nominal GFRP exposed face reinforcement. (#3’s / surface
) 124 H : .
at 1-0” spacing) e | i tass © I-0

‘ Ctrs. (Max.)
Less than minimum temperature and shrinkage \ A B -
ol = Lo
s
v
Q

Drainage Layer
. . . And PVC Drain
steel reinforcing version. (See Note 6)

D. FDOT Material Specifications s oy ‘<//>\ \ prepare Foundation Per
Section 347 (since 7/1/16 allows RAP substitution) olerance) Spec. 455 (Spread Footings)

Section 901 (allows RCA substitution for Class 347 CORROS‘,O;YE?S"T%?&%Lm, WALL

concrete for may years) (OPTION C)
Halls River Bridge used a “Plan Note” to define % Figure from Index D6011c (2016)

reinforcing design. Equivalent tensile strength to

PROJECT NOTES:

1. Class NS concrete must contain between 10% and 20% content of Recycled Concrete Aggregate (RCA) in Section 1, and
between 10% and 20% content of Recycled Aphalt Pavement (RAP) in Section 2.

HRB-FRP Workshop



http://www.dot.state.fl.us/rddesign/DS/Dev/D06011c.pdf

Gravity Walls (with GFRP)

Example Plan Sheet Details:

END GRAVITY WALL
J‘Sn[J:DI:;_:X D6011 (OPTION C)

IS—CONST. 38 OF

PRICE_MIFC. 1o FIFE
s AGRu Al T n

MATCHLINE STA. 113+60.0(

MATCHLINE STA. 113+60.00

. =+
18.50' (LT)
C

HRB-FRP Workshop

END PEDESTRJ‘AN!B:’"?CLE END 2" TH
RA!U'\'(‘ ALUMINIUM ONLY STA. 11346
S5TA113+68.48 / 41.36' (LT)
4700 (LT] v/
SUMMARY OF WALLS
WALL PAY ITEM LOCAT [ON . QUANTITY TOTAL DESIGN
NGO N PAY ITEM DESCRIFPTION STA. 7O 574, SIDE | UNIT 3 F B F NOTES
i q00 0 11 CONCRETE CLASS NS, GRAVITY WALL | 113+05.00 ta 113+37.20 | LT ey 10.4 20 USING 20% RECYCLED CONCRETE AGGREGATE (RCA)
115487 90 ta 113463 48 T ey 100 lr.!'gi‘:;l? 20 RECYCLED ASPMALT PAVEMENT AGGREGATE
.00 (LT)
+30.60 +46.67
[T T S | I To new oo
EGIN SHOULDER GUTTER
4TA _T12+88.00 £ WETLAND
H0:33 (LT) i b ff LEMEE
REGIN PERMANENT 0.0z 002 T 002 0.06 0.02 }
JHEET PILE WALL : : :
y1 i ey N Js
- 1 (=
GUERTER secIy camr W ' = g
\ | screme i B e el el el = € wly
RAILING ALUMINION onLY . s 3=
e STA ] 1305 20 RAVITY WALL \\\ oy L
| A ) J— — p=]
i {[-—-.. 2 | ]
. ~ T A
. T — . N ma
2 CONST. GUARDAAIL 097 = L
< Lﬁmoo T A 5 -
B i -f L . 'j»S"l"' ...... I;‘,., ______ ___._ga—-. -
——— A i .
(T] / '\_2 I S = > -+
THICK T = v
. / ; ASPHALT | 3?4 \'P i !
1 1
END D



Gravity Walls (with GFRP)

Index D6011c (project version):

RP Bars B ESTIMATED QUANTITIES FOR C-I-P WALL

FER LINEAR FOOT OF WALL WEEP

HEIGHT [ ciass N5 CONCRETE (CY) HOLES
(ET.) & GRAIN
- scHEME|  sceeme  |scremE REQD.
3 i 2 E
0.08 a1 o220 003 5 (4 "} No R i Wy bars shall meet the reguirements of Spacification
37 for GFRP,

NS per Sectia
Traf

a.14 d.20 (0.32%) 0.09 7.5 {11. Ma

i, sec Index 870 or B8Q
tedow oo

spaced

4 ~ FRP Bars
fSee Project Note 2

Joints equall

2_?/4.; I{’;z"

3%“j

SECTION A-A
((m I P [ DETAIL "A" - TEST BLOCKS
I — ; o - ncn;'iESRCING BARS

Project Note 2, ? . o A T
5IZE LENGTH

TYPICAL SECTION
CORROSION RESISTANT GRAVITY W
(OFTION C)

KEYWAY & WALL JOINT DETAIL

ith #

_ A
SECTION A-A s e artic Rath . .

- TEST BLOCKS

As Regd.

E]
3 As Regd.

BAR BENDING DIAGRAM

Aefnforcement

S Upp aguired

[29-8" Max.}

BAR A
N

than

then 2=

wail heights = 3, 3

See Plans

SCHEME 1
(Na Traffic Loading Effects &
Upper Slopes = 11%)

- Min

A

See Plans

SCHEME 2
(With Traffic Loading ar
Upper Slapes > 1:1%4)

Z-r 5
for Wall Height = 2-g"~

L

See Plans o

Z-0" Far Wall

SCHEME 2
(With Traffic Railing)

LAST
REVISION
01/08/17

REVISION

L % - TEST BLOCKS ANG PROJECT NOTE 2

\

DEVELOPMENTAL
¥ DESIGN STANDARDS

GRAVITY WALL -

OPTION C

SMEET
No.

lofl

D60IIC




GraVIty Wall Test Blocks

( Erght (8) with #5 G-fass- FRP bars, Dght {8) with #5 Basalt FRP bars and E:ghf {8} with 0.6" dia. CFRP strand, Half GJ‘I
the test blocks to be Class N5 with RCA and RAP concrefe ers and ha!f with Green RCA and RAP concrete mixes.

Gravity Wall with RcA
Test block

4 —~ FRP Bars

2C-2G-2B FRP

Gravity Wall with RAP
Test block
2C-2G-2B FRP

Sta. 113+01.82

(See Project Note 2

47.22 Lt.

Y %

(To Remain)

2_‘?{;1

1
l
T

1 12+57.g\
« /.

Pour

1 i{?” Boring B-1 —8

315/
SECTION A-A

DETAIL "A"

Gravity Wall Test Blocks:

- 24 Total Blocks:

-12 with FDOT Class NS concrete:

2 blocks with GFRP bars — Class NS-RCA

2 blocks with BFRP bars — Class NS-RCA

2 blocks with CFRP strands — Class NS-RCA
2 blocks with GFRP bars — Class NS-RAP

2 blocks with BFRP bars — Class NS-RAP

HRE- ;5 blocks with CFRP strands — Class NS-RAP

- TEST BLOCKS

N 1 |

Existin}/ Existing OF
(To_R€main) (To Remain) \
e A — —

13 ¢ Construction & PGL 114
1 1 1 Iﬂ I

1
>~ _End Bridge (FFBW)
Sta. 112+58.00
Front Face of Wall

Sta. 112+41.66 —— 18" Pipe

Sta. 113+48.91
35.33"' Rt.

Direction of Stationin,

T —

@&~ Boring TW-4

Existing OTV
(To Be Relocated) \

___\\ — 7

[ __

Sta “2+54 33, /

/ Exist. R/W Line —/

-12 with SEACON “Green” concrete:

2 blocks with GFRP bars -
2 blocks with BFRP bars -
2 blocks with CFRP strands -
2 blocks with GFRP bars -
2 blocks with BFRP bars -
2 blocks with CFRP strands -

“Green”-RCA
“Green”-RCA
“Green”-RCA
“Green”-RAP
“Green”-RAP
“Green”-RAP




GFRP-RC Approach Slabs

, - ol s
Begln Approach Slap | P o P o

Fropased OF F Oirection af Stationfng ~ Proposed CFRF Sheet Plic Wall
e T, -, —_ i - . . . . S Fi
Sta 11642170 N T ol e Py Sl iy e

7

-

Bridge Deck Widt

Pi 5ta 7. e
L 15.25 QA Lina ™

. [ corven

1A

Te be removed

HRB-FRP Workshop




Approach Slabs

. Begin or En
-0 tn) /of aaaaaa fi
‘ See Struct
70" Sheets for
Bars 8A2 ‘. .
or 742 14 Caver 1% (Min,) Asphal 3+ Cover ;
5 /o erlay (See Note 7) 13 f f
- - ¥ it 5 - Ir -------- - - ---—/ —
A. General u S I
o 0 | ' - & 1 w2
- 1 el 1 J ‘ 5
T —f— ] Tz
! L | o
. I 5
. 30ftlength Vil e
¢ 2" Cover |‘ { (5 N te 7) eft
Typ.) i I !
° Ba SB (T
T m & s ttom) (Typ.) Y-Shaped |
I I re l n O rce e n see En ent Sheets for p aceme,
o
Back Face of Backwall (Beam
SECTION A-A G G‘ B idge, J Edge
Bent Cap (Flat 5 ab Bridge)

B. Structural System
i. Developmental Design Standard [ndex D22900
C. Design Criteria

i. ACl 440.1R/ AASHTO Guide Spec. (without service limit state
checks) — For slab-on-grade neither may not be applicable.

ii. Emulates FDOT standard Approach Slab (Index 20900)
D. FDOT Material Specifications — Section 932 (Dev)

HRB-FRP Workshop



http://www.fdot.gov/roadway/DS/Dev.shtm#22900
http://www.fdot.gov/roadway/DS/18/STDs.shtm#20900

Approach Slabs

Typical Case 1 & Case 2 Qutside edge of Approach
/ shall match and conform w

of Left & Right Copings st

Edge adjacent . . -
Superstructure Sheets (Ty

o . o to flexible -
A. Main longitudinal bottom pavenent ~_| ——————

.
Bars 5C

1 1 { ] ] _ Illl Begin or End Bridge
reinforcing increased: Tyo) imits of asphatt overtay L—"1 | B9 o1 End Bridge.

if applicable)

i. #8’sor#7’s based on
equivalent strength.

B. Allows reduction on concrete
cover from Index 20900:

Reduce from1%” to1 %" at E
Top;

Reduced from 4’ to 3” at
BOttom; Canstruction Joint

Limits of Asphalt Permitted —
-]

C. Transverse top reinforcing B (N

B //— Gutter Line
needs to resist traffic railing :
) 2

impaCt (eXtreme event) " * Bars 5C @ I'-0" Max, (Top of 5lab)

(Placed between Bars 58, Top of Slab)

| —— Back Face of

Backwall or

Geometric Control Edge of Bent
tric Cont Cap

AT

Max.

I'-0" Max, {Top of Slab)
(Bottom of 5lab)

Bars BAZ2 @ 6" Max. or
Bars 742 @ 5"

)
G

Bars 5A1

Bars 58 @ 1'-0" Max, (Top of Slab)
Bars 58 @ 9" Max. (Bottom of Slah)

Dim. L2 = 30'-0" Min,

PLAN VIEW (CASE 1)

HRB-FRP Workshop




Approach Slabs

A. Main longitudinal bottom bar (Strength Limit State):
* Steel Rebar (Index 20900) = #8’s @ 9” spacing (A, = 1.05 in?/ft);
Flexural Resistance ¢M,, = 32 ft-kips, based on f, =60 ksiand ¢; = 0.9

* GFRP Rebar (option 1) = #8’s @ 6” spacing (A¢=1.58 in?/ft);

Flexural Resistance ¢M,, = 32 ft-kips, based on f;, = 85 ksi x 0.70 Environmental
Factor and ¢; = 0.6 (transition concrete crushing)

* GFRP Rebar (option 2) = #7’s @ 5” spacing (A; = 1.44 in?/ft);

Flexural Resistance ¢M,, = 31.4 ft-kips, based on f;, = 90 ksi x 0.70 Environmental
Factor and ¢; = 0.6 (transition concrete crushing)

b A [ Bars 8A2 ]
or 7A2
0_% ................... : : / 115" Cover
0.55 : : ,
. Failure by = |
bga(J}lll;II:P Coucreté: Crushing . i:') :_ / ] © ) l"l :\ . TI ) =
. . L} 1
Rupture I I'I \ T
5 - NSAVEN AWy
L — YRS N
| (.
| (I
" ) | |
Figure 2.7.4.2-1—Resistance factors for flexure (2T C‘i}ver 3" Cover (except I 'I
HRB-FRP Workshop "

2" over wall panels) — Bars 5A1




Approach Slabs

C. Transverse top reinforcing (Extreme Event Limit State):
* Steel Rebar (Index 20900) = #5’s @ 6" spacing (A, = 0.62 in?/ft);
Flexural Resistance ¢M,, = 28 ft-kips, based on f, = 60 ksi and ¢.= 1.0

* GFRP Rebar (Index 22900) = #5’s @ 6” spacing (A; = 0.62 in?/ft);
Flexural Resistance ¢M,, = 29 ft-kips, based on f;, = 95 ksi x 0.70 Environmental
Factor and ¢, = 1.0 (using flexure FRP rupture ¢; = 0.55 = need #7’s @ 6” spacing)

... for ¢ = 0.55 > M, = 15.9 ft-kips > M_=15.7 ft-kips required in SDG Table 4.2.5-2.

Need to review

Traffic Railing or approach for future
Pedestrian/Bicycle Railing roi
reinforcement; see relevant plielfEeEs Bars 8A2

Index for placement or 7A2

Asphalt Overlay

\\; J{,"I C’T i I
(as Reqd.) D) )7\»\%}\

Approach Slab —~ | 2" Cover 3" Cover (except L
Bars /A2 or 8A2- (Typ.) 2" over wall panels)  Bars 5Al

HRB-FRP Workshop




Approach Slabs

C. Transverse top reinforcing (Extreme Event Limit State):
 Halls River Bridge Traffic Railings are not located at the edge of the slab -

Therefore flexural moment in supporting slab is significantly reduce due to
distribution in both directions (approx. 50% each side) and contribution of both
bottom and top reinforcing

Phase 1l Const. Phase [1I Const.

(Halls River Road)
Sidewalk Cover Plate —

/— Sidewalk Cover Plate

/ Traffic Railing Traffic Railing

/ W Barrier Barrier
J_\

Bridge Deck / Approach Slab /

HRB-FRP Workshop




Approach Slabs

D. Shrinkage and Temperature Reinforcement (Transverse):

* Steel Rebar (Index 20900) = #5’s @ 12” spacing (A, ., = 0.31in?/ft.);

s.top

* GFRP Rebar provided = #5’s @ 12” spacing (A, = 0.31in*/ft.);

AASHTO Guide Spec. < 0.0036 o, per face 2 A= 0.52 in’/ft.
' Need consensus

60 ksi E, on approach for

ACl 440.1R Guide Spec. < 0.0036 py,, total 2 A¢=0.26 in’/ft. top & bottom face

60,000 E
P, =0.0018x— : (9.1)

Bars 8AZ
Ju I

or 7A2
/ 115" Cover
ACl 318-14 Commentary R24.4.3.2: - : : , —
COMMENTARY ' | N

many yeal‘s;{ The resulting area of reinforcement may be
distributed near the top or bottom of the slab, or may be
distributed between the two faces of the slab as deemed
appropriate for specific conditions.

HRB-FRP Workshop

2" Cover 3" Cover (except
(Typ.) 2" over wall panels)

Bars 5B




GFRP-RC Traffic Railings

_——Ig Survey CR 490A (Halls River Road)
30 -64" ~ 27'-3"

3-6%" 6" 5-0" 6" 8-0" , 2 Travel Lanes @ 12'-0"=24'-0" , 8-0" -6 50" 9

[
Utility Sidewalk L Shoulder | Shoulder ‘I Sidewalx
| ' ¢ |
| |
| |

PGL

N L S I R |

L1 L]

COMPLETED STRUCTURE

HRB-FRP Workshop




Traffic Railings

A. General
i. DDS Index D22420 - GFRP-RC 32” F-Shape

ii. Supplemental plan details required for post-
installed anchorage (north side).

B. Similar crash tested designs

i. Pultrall (V-Rod), Schoeck (ComBAR), & Temcorp
(Tem Bar)Z MASH TL-S, 42" Safety-Shape Photograph: GFRP reinforced traffic railing

from successful TL-5 crash test (Pultrall)
ii. GFRP Adhesive Anchor Pullout Tests by
Hilti/Canadian Researchers.

C. Design Criteria

i. AASHTO Guide Spec.

ii. NCHRP Report 350 (but MASH pending)
D. FDOT Material Specifications - Dev932
E. Challenges

i.  Phased construction

ii. Bridge deck cantilever design for traffic railing p ol
: Photograph: GFRP Bars in retaining walls
HEB*FEPI n‘/“]/gg/é‘ghsgfport railing combination (Hughes Bros.)




Traffic Railings

B. Similar crash tested designs

i. 42" Safety-Shape based on MTO standard for
PL3 requirement < MASH TL-5

ii. Vertical reinforcing equivalent to #5’s @ 12”
spacing away open joint.

iii. Within 4 feet of open joint #5’s @ 6’ spacing

iv. TL-5 equivalent static lateral load = 124 kips

(NCHRP 350, MASH = 160 kips??)
v. Halls River Bridge only needed TL-3 (since
off-system roadway)

vi. TL-3 & 4 equivalent static lateral load = 54
kips (NCHRP 350, MASH =54 & 80 kips??)

Therefore we used standard FDOT 32” F-Shape

with #5 bars at 8” spacing for similar section ‘

thickness (conservative)

HRB-FRP Workshop

2—ADDITIONAL BAR(E)
AT EXP. JT. ONLY
(AS SHOWN)

150 [ 125

5010
MIN COVER
OUTSIDE FACE

INSIDE FACE—._|

200

200

MIN Co
INSIDE EE@E

S 250

200

TOP OF

3| ASPHALT
o~
1

— -
o_ ~ Js. 0 —~ “\
ASPHALT AND <l> ~—|— CONSTR.
WATERPROOFING S JOINT
SYSTEM, 90mm s
TOTAL %
|

’[—FOR BAR SIZES
SEE DECK DWGS
|

225

o

Typical Section from Standard SS110-92
(Ministry of Transportation, Ontario)

Bars 5P @ 8" sp.




Traffic Railings

Vii.

TL3 vs. TL-4 vs. TL-5

Table A13.2-1—Design Forces for Traffic Railings

Extract from AASHTO LRFD Bridge Design
Specifications Chapter 13 — Appendix A
(based on NCHRP Report 350)

Railing Test Levels
r LLLC ‘ Design Forces and Designations TL-1 TL-2 TL-3 TL-4 TL-5 TL-6
{ ['— p —«I l F, Transverse (kips) 13.5 27.0 540 | 54.0 1240 | 175.0
F, Longitudinal (kips) 4.5 9.0 18.0 18.0 41.0 58.0
o : F, Vertical (kips) Down 4.5 4.5 4.5 18.0 80.0 80.0
1. | » | o 7 : L, and L; (fi) 4.0 4.0 4.0 3.5 8.0 8.0
.|H | x| | L, (ft) 18.0 18.0 18.0 18.0 40.0 40.0
: [ | l H. (min) (in.) 18.0 20.0 24.0 32.0 42.0 56.0
Minimum # Height of Rail (in.) 27.0 27.0 27.0 32.0 42.0 90.0
TL-3 Small Car |Speed: 62 mph Speed: 62 mph
Angle: 20° Angle: 25°
Weight: 1,809 Ib. Weight: 2,420 Ib.
TL-3 Pickup Speed: 62 mph Speed: 62 mph
Angle: 25° Angle: 25°
Weight: 4,409 Ib. Weight: 5,000 Ib.
TL-4 Single Unit |Speed: 50 mph Speed: 56 mph
Truck Angle: 15° Angle: 15°
Weight: 17,636 Ib. Weight: 22,000 Ib.
TL-5 Tractor Speed: 50 mph Speed: 50 mph
Trailer Angle: 150 Angle: 150 »
REA Weight: 79,366 Ib. Weight: 79,300 Ib. —_—




Traffic Railings

Halls River Bridge minimum traffic railing requirements (TL-3):
- Off-system Bridge (“Florida Greenbook” criteria)
- Design Speed = 50 mph

TRAFFIC DATA

CURRENT YEAR = 2015 AADT = 4200
S{TIT!MATED OPENING YEAR = 2017 AADT = 4500
ESTIMATED DESIGN YEAR = 2037 AADT = 6900
K =950% D =5460% T = 2% (24 HOUR)
DESIGN HOUR T = 1%

DESIGN SPEED = 50 MPH

POSTED SPEED = 40 MPH

CJl3.c Railings

All traffic, pedestrian, and bicycle railings shall comply with the requirements in
Section 13 of LRFD. Traffic railings shall meet the crash requirements of at
least Test Level 3 (TL-3) for bridges with design speeds greater than 45 mph
and at least TL-2 for design speeds less than or equal to 45 mph.

Extract from 2013 “Florida Greenbook” (Manual for Uniform
Minimum Standards For Design, Construction and Maintenance For
Streets an Highways)

HRB-FRP Workshop




Traffic Railings

viii. Yield-Line Analysis Extract from AASHTO LRFD Bridge Design
Specifications Chapter 13 — Appendix A

Table A13.2-1—Design Forces for Traffic Railings (based on NCHRP Report 350)

Railing Test Levels
Design Forces and Designations TL-1 TL-2 TL-3 TL-4
F, Transverse (kips) 13.5 27.0 54.0 54.0

F, Longitudinal (kips) 45 9.0 18.0 18.0

F, Vertical (kips) Down 4.5 45 4.5 18.0

L, and L, (ft) 4.0 4.0 4.0 35

L. (ft) 18.0 18.0 18.0 18.0

H. (min) (in.) 18.0 20.0 24.0 32.0
Minimum /A Height of Rail (in.) 27.0 27.0 27.0 32.0

Near End of Wall Segment:
Nominal Resistance = 76 kips (¢ =1.0 AASHTO-BDS)

Using ¢ = 0.55 per AASHTO Guide Spec. commentary

(3.4, Factored Resistance = 42 kips at joint (= 80 kips

101 Crashworthiness of reinforced concrete traffic railing

away from joint) infores c railing

greatly depends on ifs stiffness when subjected to

transverse load. This should be accounted for by limiting

the strength reduction factor for flexure to 0.55 when the

Figure CA13.3.1-2—Yicld Line Analysis of Concrete 111tem_al Iorcgs comqued. through inelastic analysis are

Parapet Walls for Impact near End of Wall Segment associated with a strain in the GFRP bars of 0.005 or
greater.

Could reduce vertical stirrup bar spacing to 6” near joints
for Factored Resistance = 54 kips.

HRB-FRP Workshop




Traffic Railings

Example Plan Sheet Details:

Index D22420 various rebar options:

ALTERNATE REINFORCING BAR DETAILS

g

BAR 5V3
(Adhesive Anchor}

BAR 5V1 BAR 5v2

(Headed Anchor)

#5 Har (Extend or
B pitch

Bar P1 Lap Splice is 2-0"
" Min._Lap

W

Bar 4P or 5P1 Spiral

Bar 5V1

MO U N .
p30.7 N Const. foint lkﬁ.nsjl’

SPIRAL LAYOUT & LONGITUDINAL
SPLICE DETAIL
ALTERWATE REINFORCING NOTES:

&

BAR 4P1 or 5P1
(Closed Stirrup or Spiral
4Pl at " Pitch
SP1 at 8" Pitch)

2" Cover

Welded Wire Reinfore
Piece No.

HRB-FRP Workshop

5V Bars
/\ 5V Bars
See Note 3
i ' _2
im— 1 — I
- RN [ —| —
4 o, ; —
M) u,
1 1 ,
I i , 3
Bars 5P @ 8" sp. “\7-Bars 55
E (Typ.)
Canst. Jaint
Required.
Bars 5V1 q
@ 8" sp. Bars 5V2
@ 8" sp I'-6"
*
71 wy
by
5 2 HS
Bars 5P @ 8" sp. —_ A E
Coping * i "},\
= + /R .
OPTIONAL HEADED ANCHOR SECTION 2 & ore 55 )
USING BAR 5VI CONFIGURATION 5|8 o wl 2% coel rr{ﬁy’;)
5 (Bars 5V3 Similar) = " (-]
: ElE B -
gy | sE A ([ =
5% N Const ngr %/ p '
|2 equired ] 212 Cover 3
tion E N Bars 5V a
“ Future Asphalt S @ 8" sp. — °
overlay | y e A S
| Bars 55 @
i A v —
Bridge Deck o 3| 7y P k )
Optional Adhesrvej ! - ! L coping
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SECTION A-A

Dowel Bar 5V2

TYPICAL SECTION THRU TRAFFIC RAILING

and Retaining Walls similar)

(Section thru Bridge Deck shown, Section thru Approach Slab

STIRRUP BAR 5P STIRRUP BAR 5V




Traffic Railings

Contractor’s revised Reinforcing Details (south side):

18

/55 longitudinal rebars
o

{

L
™
—

1755 longitudinal rebars
o

i Vertical spacing adjusted
. | j[ s to 4.5” increments to
— 5A@g__-/ s match deck rebar spacing

'Rebar 5P@ 45"

Rebar 5V @ 4.5" —

SECTION A-A
TYPICAL SECTION THRU TRAFFIC RAILING

HRB-FRP Workshop




Vertical spacing adjusted

Traffic Railings
to 4.5” increments to

Contractor’s revised Reinforcing Details (north side): . tch deck rebar spacing

T 18

/I 5V Bars
See Note 3 o~

5S longitudinal rebars

i

5S longitudinal rebars™ |

__blockouts 5d @ 9"

blockouts 51 @ 4.5" ™ supporting rebars \Bar 5D@9"
'supporting rebars

T Bar5P* @45"

Question: Is there a better solution for SECTION A-A
phased construction ? TYPICAL SECTION THRU TRAFFIC RAILING

HRB-FRP Workshop




Traffic Railings

Investigating use of White Cement & 60%-Slag concrete for enhanced visibility.

* White-cement mix to be used on Southside railing;

* 60% slag mix to be used on Northside railing; 94\
A

* Lehigh and SEACON team partnering with the

contractor to offset the additional cost;
LEHIGH
\WHEIME{CEMENT,

* Future monitoring to be determined.

In wet weather In dry weather

Photos courtesy of Lehigh White Cement Company promotion brochure.

HRB-FRP Workshop




Traffic Railings

Investigating use of White Cement & 60%-Slag concrete for enhanced visibility.

* White-cement and 60%-slag concretes have a lower
alkalinity, but should not be a problem for GFRP durability;

Casting FRP reinforced test blocks for performance :
monitoring by SEACON team; e

Three 12-ft specimens to cast based on new 36’ Single-
Slope Traffic Railing;

2%" 1 | I%"

3%"
. . SECTION A-A
Possible for pendulum impact test 22?

16

9 T
|

o
=

*5 L
d
2] o
closed stirup 5C @ 8
=
deck rebars #5 @ 6 (top
.
o /
i

|
1

: | |
| |
| 1 |

g F ‘ I = o \\ = T = T 5

‘ la o a o o al
7 i T

1

eck rebal !

|

Rebars 5L @ 7.5

| %% RebarsSL@ 75

T

b

-

145%

Cast test specimens upside down Mount on deck system at test site
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Research Project & Monitoring
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CEl’s Insights and

Recommendations
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Contractor’s Perspective

HRB-FRP Workshop




Questions ?

HRB-FRP Workshop

SDO Contact Information:

Steve Nolan, P.E.
State Structures Design Office
steven.nolan(@dot.state.fl.us

(850) 414-4272
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