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Part 1 - Presentations

1.  GFRP Industry perspective
. ACMA-TSC (John Busel)
ii.  Owens Corning (Chris Skinner)

2. ACl Committee 440 perspective (Antonio Nanni)
3. AASHTO-T6 perspective (Will Potter - FDOT rep.)

4. FDOT perspective
. Materials (Chase C. Knight)
ii. Design (Steve Nolan)
!”’ GFRP Rebar Workshop
V. 20’6/[
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Materials

l. Overview

ll. Material Requirements

I1l. Research

State Materials Office

GFRP Rebar Workshop

?esign Training
: Post- gxﬁa
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Overview
State Materials Office Roles:
*  Material Specifications
*  Sampling and Testing Requirements
*  Quality Control Program - Production Facility Approvals
*  Conduct and Facilitate Research - Durability/Service Life

GFRP Rebar Workshop

2016 _

)esign Training
: Post- 54»



IM\IOW-\TIVEYEFFIC:IENT
EXCEPTIONAL

Materials

Material Requirements

1. Producer Quality Control
a) Specifications Section 105
b) Materials Manual Chapter 12.1
c) Specifications Section 932

2. Acceptance at the Project Level
a) Certification
b) Sampling and Testing

3. MAC

GFRP Rebar Workshop
2016 _

)esign Training
: Post- 54»
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Topic No. 575~DDD»OOD
Materiajg Manual,
Fiber Rein!orced Polymer Composites

Eﬂecttve' Nnvember, 82013
Reviseq- OctoberQ?, 2014

Section 12.1

Volume ]
FIBER REINFORCED POLYMER COMPOSITES
12.1.1 PURPOSE

This Procedyre Provides Quidance for the development and impiementaiion of
the Quality control plan for the manufacture, Storage, and transportation of
fiber reinforced Polymer COmposites for Florida Department of Transportaiion
FDOT} Projects. Fiber reinforceq Polymer composites, hereinafter referred to
as composites, include for Example: glass, Carbon, ramid, o basalt
reinforceq Polymeric Materials.

12.1.2 AUTHORITY
Code of Federa Regulations (CFR), FedereI-Aid Policy Guide (FAPG},
Subchapter G- Engineering and Traffie Operations, Part 637 _ Construction
inspection and Approvai, Subpart B~ Quality Assurance Prooedures for
Construction

' S
Material Requirement

: |
Producer Quality Contro
1,

Sections 20.23(3)( a)and 334.048(3), Florida Statutes.
12.1.3 REFERENCES

ter 12.1
. nual ChaP . SS
b) Mate”g’stli\c/)lg Facility Qualification Proce
Produc

o ihiliti S Design Standards, Topic No, 625—010—003, Floridg Department of
sponsi b I I ltl € fansportation
ducer Re - trol
o P ro t e r| a l C O n Floridg Department of Transportation Standarq Speciﬁcatians for Road and
in g raw ma l Bridge Construction,
[ ] I n c o m . a l ity C O n t ro American Society for Testing and Materig)s (ASTM) Standarg Test Methods
u f a Ct u r] n g q u and Speciﬁcations, Phiiadetphia, Pennsylvania
*  Man

American Association of State Highway and Transportation Officials
(AASHTO), Part | Speciﬁcaﬁons, and Part Tests, Washingt

. Cinspection . N
Sandling, Storage, Shipme

d R et e n t i O n Field Sampiing a:i_ Testing Manuai, Florida Department of Transportation
) tation and Recor kg A

nta

* Docume
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SECTION 932
NONM.'ETALLI CACCE, SSORY Ny TERIALS
FOR COI\'CRETE PAVEI\IE.VT AND CONCRETE STRUC TURES

932-1 oint .\fImen‘als.
Q p

“aform g g in AI'.‘A‘I d ty .‘III'U QIn
inlpexfecn'ons flush op the finisheq Pads wig, 5 bondeq Vulcanizeq Pateh mateyja; Compatible
With the elasromen'c bearing pad. epairy employing caulking type Materia] op Tepairing the
beari.ngs i the field wigy not be Permitted.

932-2.6.1 Tesrl'ng: Test bridge bearing Ppads iy

A specified, e bearing sp, 3
O sample fegr Tesults ape also nop Compliant, e

' S
Material Requirement

932262 Markiug: Each elasromen‘c bean'ng Pad shalf pe pemlancmly Marked.
ing shajj CONSIst of the order lumber, LOTnumber. pad idemiﬁcau'on Dumber,
elastomer type, and shear Mmodulyg op hardnegg (whepy shear Modulys j¢ not SPecified) Where
Possible, fhe marking gy beong face of the bridge bean'ng pad that iy be visibje after
EIeCtion of fhe Structure,

932263 Certifieq Test Resalgs; For bridge bearing Dbads, subpit completa
Certified test Tesults frop, the independem I al)oratory for ajf Te5ts specyf; ed, Property ;, dentifieq by
OT and Droject umber, to ¢ Igineer,
3. .4 C Ttificatioy. The Contractoy shalj submit 1o the Engineqy a
Cettificatiog conﬁmnmg to the TeqUiremen;tg Of Sectioy ¢ Stating thay the bemmg pads, (plagy
fiber Teinforced o elastomer, ) meet fhe Tequitemenyg of thig Section, The Certification shall
i edry; that eacp, of the beari.ngs inthe LoT was
from the Same bateh of, elastomer and cureq

Producer Quality Control

1.

. ion 932

c) Specifications Se|Ctpre July 2016 it
* Developmenta 6 forward e T ?f"'iif{i;;“:;f;‘,-‘;;;;:;;fii;dzﬁs':;m
Standard _ JUIy 201 e i STM D3 &l\«eetr]eaddmona requl.yementso

RP) rein.fox{ing; bars,

this Sectioy
pling frequency and numpey of SPecimeng equired by ACT 4406

93232 Addition ) €qUiremeyyy for Bay Size apg Strengtp; The Roming] diamete of
o t h S FRP bagg shall pe i, 18 inchy iucremenrs as describeg in Tabla 3-1.
. n d S t re n g . n t s fo r ' 1e easureg cro_ss-seczioml area of bars, including defommtions, Tugs,
S I Z e S a I re m e sand coating oy any bond eﬂ.luncmg surface treatmeyy shall be MWeasured according g
° t R e q u STM D72g5 Via the imedes meth
H l P rO p e r y Muttimum fg, diametey derive
° P h y S I C a . e t i O n calculateqg based on ss Sreater thay,
a l Ifl C a h e fameter, derived from the Actual crogg Sectional greq and
P ro d u C e r Q u t a n c e a t t caleulareg based g A circulay CT0SS section mchlding Ay Strface treatmen;. shall be less thap or
fo r AC C e p equal fo the Maximum pyy diametey deriveqd from the maxinmyy, 105 section area givey i,
R Uirements Table 3.1
. €q

The Nomingf diameter and nomjpgg CIOSs-Sectiona) ea of ap FRp bar shayy be
siz i

used as the bar gjze deslgualisn and for reiforeed Concrate design cakula!ions and iy,
Wechanjcq) Properties,

Project Level
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Blank Notarized Certiﬁcation Statement Example
¢ PLANT'g LETTERHEAD”

MATERIAL CERTIFICA TION
FLORIp, D.ort,

Material Requirements

FIBER REINFORCED PoL YMER PRODUCIS
Contractor:

Fb.or, Project N, Umbey:
FD.o.r, Contract Numbey-
Project Location :
Descripﬁon 0f Progdy cts:

We certify the describeg fiber Teinforeeq polymer Products wij be many g

cordance with the Tequiremengg set forth iy € Florid, epartmey, E

ments ang e plant's approved Quality confro] piay The Pplant's Quality contro] may,
. & L .

' vel
Acceptance at the Project Le
. Ac .
2 a) Certification

Plant Company Officer or Desigpee.

FRP
Notarized Staten?ent frohrinpment
Producer sent prior to s _eaCh e
Certificate of Analysis fotr
sent with each shipmen

Signatm‘e;

Date:

GFRP Rebar Workshop
' 016 |

?esgPasi"gm
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2. Acceptance at the Project Level
b) Sampling and Testing
* Samples selected by Engineer after delivery to project
* Contractor responsible for verification testing using
independent ISO Lab
GFRP Rebar Workshop
2016 _

?esign Training
Post- 84»



IENT
nvoervelerme
XCEPTIONA.

OUR ROAD AHLAD

Materials

TS Change CDmpany/RMe) B Lo0u
Certiﬁcation System

Field Heip 2 g o I Help

' S
Material Requirement

Click o Calfapse

Matenial/spec g
Devg3zrgp

Type Spec jg or Name

Create New Spec from this Version
Nonmeta!/u: Accesscry Materigls for Concrete

Make Drafy Official

Delete Materig Spec Version
Specitication Category
Pavemenl and Concrate Structures Projact

Spec Type ? Numbersp, Version  vergion Reason Status

Developmenta! Specrﬁcarion Devasar, RP 1.0 Initial Version Draft

Methog. OF Acceptances

Cemﬁcariun
Owner (Technica Unity Contact Emair Last Updateq Last Updateg On

Corrosign SM»MACCwmsran Chase Knight

32202018 10:59:54 apg

MAC o ° L

3- ifications ) Listings
) Specjﬂction Facility Profiles and
b) Pro
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Research
1. Degradation mechanisms
2. Service life estimation
3. Performance of surface enhancements
4. Durability of bends
5. Field exposure

GFRP Rebar Workshop

2016 _

?esign Training
Post- 84»
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Research

1. Degradation mechanisms
* Model degradation of FRP in concrete based on synergistic
effects of physical and chemical aging on fibers, matrix and
wioisture

interface / -

Alkali/Acid/Salt
+

Temperature

2. Service life estimation

* Test protocol based on degradation model / /
Matrix |
 Interface
—_—

GFRP Rebar Workshop
2016 _

)esign Training
Post- 84»
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Research

3. Performance of surface enhancements
*  Durability of rebar-concrete bond

1. LVDT

2. Free end of FRP bar

3. Concrete cylinder

4. Loading plate

5. Spherical seat

6. Moving head of testing machine
7. Loaded end of FRP bar

8. FRP bar

9. Stationary head of testing machin:
10. Anchor (See Appendix A)

11. Data acquisition system

ACl 440.3R

GFRP Rebar Workshop
2016_

?esign Training
Post- 84»
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Research

4. Durability of bends
* Effect of modified
pultrusion on durability

<X *-‘\_,I‘..-\y\..,./‘"’_'

GFRP Rebar Workshop
2016 _

)esign Training
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5. Field exposure
 Test blocks/beams

CAFP - ‘\

4 T
By
A < to o
BOND BREAKER P PR
APPLIED TO WALL SRR
PRIOR TO CASTING ———____ LT
o, '.‘h
T S
TEST BLOCK CaET
(FRP REINFORCEMENT L PR

TYPE A, B, OR C) _— MR

GFRP Rebar Workshop

?esign Training
. Post- 5xﬁa
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Design Documentation

What’s available from FDOT?

1. Design criteria -
a) Fiber Reinforced Polymer Guidelines (FRPG)
b) Structures Design Guidelines (SDG);

2. Detailing criteria — Structures Detailing Manual (SDM); ’
3. Design Standards;
4. Specifications (Construction and Materials).

FDOT’s Fiber-Reinforced Polymer Deployment Train

CFRP External FRP
Fender .
Prestressed Laminate
. Systems .
Piles Repairs

Workshop

Training

Post-Exfro
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Design Documentation

1. Design criteria -
a) Fiber Reinforced Polymer Guidelines (FRPG)

Overall commentary on FRP; FD
*  Specific design criteria, plan content and Specification oT STRUCTURES

MANU

. . VO'u N AL
requirements; T r’:: 21 Structures pesjgn Guidelin

° Design review requirements; - Structures Detailing M,.,,,,ua,es

*  Approval of use process;
*  Permitted uses for each type of FRP. —
[ .

b) Structures Design Guidelines (SDG) SN

e Overall design criteria;

vo".“”e 4- F T rc T
'be REInfo ed Po'yme Gu'd I
€| Ines

FI e
* Revised and/or supplemented by Fiber Reinforced BEIéﬁf;:i%ECSED POLYMER
Polymer Guidelines (FRPG) for given applications of FRP. . (FRPG)

VOLUME 4
JANUARY 2916

http://www.dot.state.fl.us/structures/StructuresManual/CurrentRelease/

StructuresManual.shtm FDOT? S

FDOT’s Fiber-Reinforced Polymer Deployment Train

CFRP External FRP —— e
Laminate )‘

Prestressed
Repairs

Fender
Piles Systems 3 -
= Training

Post- 5m


http://www.dot.state.fl.us/structures/StructuresManual/CurrentRelease/StructuresManual.shtm
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Design Documentation

2. Detailing criteria — Structures Detailing Manual
(SDM):
a) Overall detailing criteria;
b) Revised and/or supplemented by Fiber Reinforced

Polymer Guidelines (FRPG) for given applications of
FRP.

Fpor STRUCT URES MaN vA
VOLUME 2 -
JANUARY 2016

http://www.dot.state.fl.us/structures/StructuresManual/CurrentRelease/Vol4FRPG.pdf gi&

FDOT’s Fiber-Reinforced Polymer Deployment Train

CFRP External FRP . ’
Fender . - <
Prestressed Laminate 3
. Systems .
Piles Repairs

FDOT| R Training

2 Post- 24»


http://www.dot.state.fl.us/structures/StructuresManual/CurrentRelease/Vol4FRPG.pdf

IM\IOW-\TIVEVEFFIC:IENT
EXCEPTIONAL

OUR AOAD AHEAD

FRP_REBAR HOOK DETAILS

: . 5 . e s R 3B
Design Documentation = = T h ’:}“

,,,,,

3. Design Standards:
a) FY2016-17 Design Standards:
* Index 22600 series — Square CFRP & SS Prestressed
Concrete Piles;
b) Developmental Design Standards:
* Index D6011c — Gravity Wall - Option C (GFRP

reinforced); V-;Z:("’:’;E{W”M FDOT) Dfﬁ%i’,’:ﬁg:::s PULTRUDED FRP BAR BENDING DETAILS [D;"":ml i):z”'
* Index D21310 - Pultruded FRP Bar Bending Details; R e e, Saee ot g
° d H ”» H Supplier mﬁﬂd

Index D22420 - GFRP reinforced 32" F-Shape Traffic R

Railing; i 0

* Index D22440 series — Precast Concrete CFRP/GFRP | |, =="

Sheet Pile Wall ot

Startup companies

* Index D22900 - GFRP reinforced Approach Slab; e s

Technology Peak of Inflated Trough of Plateau of
Trigger Expectations  Disillusionment Slope of Enlightenment  progyctivity
Ll

time

Polymer Deployment Train Workshop

____FDOT’s Fiber-Reinforced

CFRP External FRP
Fender .
Prestressed Laminate
. Systems .
Piles Repairs

Training

Post- 5m
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Design

Design Documentation

4. Specifications:
a) Standard Specifications (effective July 2016):
* Implemented previous FRP Developmental
Specifications.
b) 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;

(Photograph) Hughes Bros. Coated tie wire.

FDOT’s Fiber-Reinforced Polymer Deployment Train

Workshop
CFRP External FRP 7
Fender .
Prestressed Laminate
. Systems .
Piles Repairs

Training

Post-Exfro
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Design

Roadmap to the safe deployment of GFRP
reinforcement for concrete structures

E

* Barriers to expanded GFRP Implementation | ...%%
* Potential Focus Areas

A
.4

ROAD mMap

FLORIDA

FDOT’s Fiber-Reinforced Polymer Deployment Train

Workshop
CFRP External FRP 7
Fender .
Prestressed Laminate
. Systems .
Piles Repairs

Training

Post- 5m
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Barriers to expanded FRP Implementation:

1. First cost

2. Lack of confidence in durability for submerged environments (FDOT seeking 75
- 100 year service life)

3. Limitations on the strength due to degradation of properties over time
(currently C factor = 0.7 for GFRP exterior environments) [goes with item #2]

4. Limitations on strength due to low design resistance factors (phi factors) related
to lack of ductility and strength variability in the FRP materials (currently 0.55-
0.65 for tensioned-control to compression-controlled flexural failure modes)

5. Restrictions in bar bending capabilities, and challenges with field modifications
to bar shapes

6. Low Elastic Modulus, resulting in greater deflections and larger crack openings

7. Update AASHTO Guide Specification

FDOT’s Fiber-Reinforced Polymer Deployment Train
SHEN CFRP S External FRP
by Prestressed Syst Laminate
Piles ystems Repairs
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Potential Focus Areas:

=

e WwWN

o

Rationalization of Resistance Factors (phi factors) used to address lack of
ductility and variability in material strength properties;
Refinement of Environmental Reduction factors (CE);
Resolution of durability question in submerged environments;
Advancement in bent bar fabrication;
Mitigation of lower elastic modulus effects as related to member deflections
and concrete crack widths;
Investigate hybrid designs — using FRC and/or Carbon-steel strand with GFRP
rebar:

* Concrete Sheet Piles;
Improved FRP Industry coordination especially between ACMA-TSC and
AASHTO SCOBS-T6 (FRP) & T10 (Concrete);

Polymer Deployment Train

Wnorkshe

FDOT’s Fiber-Reinforced
SEE TN CFRP External FRP
HI Prestressed Ak Laminate
A t Pil Systems .
iles Repairs

7
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Potential Focus Areas (cont.):

8. Continued Standardization

9. Accommodation of potential customization and optimization of FRP reinforcing
and other products

10. Guidance on the use of Life Cycle Cost Analysis for FRP justification

11. Project Monitoring

12. Outreach and Technology Transfer

13. Repair Methods [added]

14. Bridge Inspection [added]

%k 3k ok 3k ok %k 5k sk k

FDOT’s Fiber-Reinforced Polymer Deployment Train
SHEN CFRP S External FRP
by Prestressed Syst Laminate
Piles ystems Repairs

Workshop

Training

Post-Exfro




Questions 2}

FDOT Contact Information:

Structures Design Office:

Rick Vallier, P.E. (FRP Coordinator)

(850) 414-4290
Rick.Vallier@dot.state.fl.us

Steven Nolan, P.E. (Standards Coordinator)

(850) 414-4272
Steven.Nolan@dot.state.fl.us

IPNOé&QTIVEYEFFIEIENT
50mebi
ve t
elII bri e& 130
eep e c 1@5
FO

State Materials Office:

Chase C. Knight, PhD. (FRP Coordinator)

(352) 955-6642
Chase.Knight@dot.state.fl.us

lvan Lasa, B.S.C.E. (Corrosion Lab.)

(352) 955-2901
lvan.Lasa@dot.state.fl.us

GFRP Rebar Workshop
2016 _

)esign Training
Post- 84»
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