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Structures Manual Guidance: Implementing
AASHTO 2nd Edition and Procurement Process

Abstract

FDOT currently specifies the use of ACI PRC-440.2-17 Guide for the Design and Construction of Externally Bonded
FRP Systems for Strengthening Concrete Structures with a few exceptions as noted in Structures Manual-Volume 4
(FRPG), Section 4. The EOR is instructed to develop Technical Special Provisions for construction and quality control
that conform to Attachment A of the NCHRP Report 609 "Recommended Construction Specifications and Process
Control Manual for Repair and Retrofit of Concrete Structures Using Bonded FRP Composites”, with a few
exceptions as noted in the FRPG. Technical Special Provisions must be non-proprietary, multi-vendor solutions,
reviewed and approved by the State Specifications and Estimates Office and the State Structures Design Office, or
District Structures Maintenance Office.

With the 2023 updates to the AASHTO Guide Specifications for Design of Bonded FRP Systems for Repair and
Strengthening of Concrete Bridge Elements, 2" Edition, FDOT plans to transition to this specification for project
repair and strengthening design soon. The incorporation of FDOT model Technical Special Provision for construction,
example Contract Document layout, and recently completed and ongoing research on externally-bonded FRP, will
also be presented.

=

\

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process


https://store.transportation.org/Item/CollectionDetail?ID=243
https://store.transportation.org/Item/CollectionDetail?ID=243

Ui & W N =

Structures Manual Guidance: Implementing
AASHTO 2nd Edition and Procurement Process

. Policy & Practice for FDOT projects
. Future Adoption of AASHTO 2" Ed.
. Recently completed Research

. Current and Future Research Needs
. Example Projects
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Policy & Practice for FDOT projects

1. Why we use CFRP for Repair & Strengthening
1. Low Unit Weight
2. High Durability (corrosion-free)
3. Moderate Stiffness

. High High
2. Innovative Technology Development 500 ) Modulus o sirength

Cari;on !/ Carbon

Research and installations performed since the early 1990s /

FDOT in-house installations until early 2000s (research staff)
Primary installations:
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Prestrressing
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* Over-height vehicle damage
e Corrosion deterioration 2007
* Considered routine practice for certain applications
* Flexural strengthening/repairs

* Confinement

100 - Mild Steel

Fiber Tensile Strength (Kksi)
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Current Policy & Practice for FDOT projects

1. Structures Manual-Volume 4 (FRPG)
2. ACI 440.2R (2017) with exceptions P ——

- Complete or 3-sided anchored u-wraps for shear strengthening
- U-wraps for end anchorage for flexure

3. Technical Special Provisions o=
* NCHRP 609 Appendix A with adjustments per project e ——

STRUCTURES MANUAL

4. Do we need an innovation webpage? el

Volume 2 - Structures Detailing Manual
Florida Department of Guide for the Design and o = e
s Joida Department L | 1511 i S ) Vol 4 - Fiber ced Polymer Guidel
FDOTY) mansrortanen= OT\) oo 55 Construction of Externally
S e —————— Bonded FRP Systems for
tructus

S A c Frequently Asked Questions
trengthenlng oncrete 2023 Revision History
Structures

Reported by ACI Committee 44

Structures Design Archived Structures Manuals

Additional Links

‘Structures Design / Design nnave

aton
Fiber-Reinforced Polymer Members and Structures

nnnnnnnnnnnnnn

e —
ed Palymer (FRP)
s and Strands

steel to 5 one of the pr for
‘deficient structures. In addition to being exposed to weather effects, transportation

' ACI 440.2R-17
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Current Policy & Practice for FDOT projects

1. Structures Manual-Volume 4 (FRPG 4.1 and 4.2 A&B)

Fiber Reinforced Polymer Guidelines Topic Mo, §25-020-018
{ - Carban Fiber Reinforcad F'D'ﬁl'm'EF [C FRF} Struciural Efrengthening JEI'IL-IEIF}" 2023 FLORIDA DEPARTMENT OF TRANSPORTATION

4 CARBON FIBER REINFORCED POLYMER (CFRP)
STRUCTURAL STRENGTHENING

41 PERMITTED USE

Externally bonded CFRP composite systems may be used for strengthening and repairs
as part of a design project when approved by the SSDE, and as part of a maintenance STRUCTURES MANUAL
project when approved by the State and/or District Structures Maintenance F
Engineer(s).The use of externally bonded systems for piers subjected to vehicular
impact loads is prohibited.

4.2 DESIGN CRITERIA Guide for the Design and

Construction of Externally

A. FRP composite systems used in repair or strengthening shall have CFRP as the S ronethening Conaete.

primary reinforcement. If either a pre-cured laminate or wet layup system is used, the Structures
resin and adhesive must be a thermoset epoxy formulation specifically designed to e A ot 40
be compatible with the fibers or pre-cured shapes. In wet layup systems, shear and
flexural reinforcement shall have no more than three layers except as required for
anchorages.

Topic No. 625-020-018 January 2023

Introduction - General Introduction
Volume 1 - Structures Design Guidelines
Volume 2 - Structures Detailing Manual

4 - Fiber Rei

ced Polymer Guideli

Frequently Asked Questions
2023 Revision History
Archived Structures Manuals
Additional Links

7

. Design all FRP repair systems for concrete members in accordance with ACI PRC-
440.2-17 Guide for the Design and Construction of Externally Bonded FRP
Systems for Strengthening Concrefe Structures except as noted herein, Obtain
loads using the AASHTO LRFD Bridge Design Specifications (LRFD).

1 T T U ZTN

/‘—\‘ American Concrete Institute
aci®
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Current Policy & Practice for FDOT projects

1. Structures Manual-Volume 4 (FRPG 4.2.C) modifications -

existing/remaining capacity before strengthening:

FLORIDA DEPARTMENT OF TRANSPORTATION

C. Modify Section 9.2 as follows:

When strengthening a single girder in a span containing at least four similar girders,
the following limit shall control:

(OR ) yisting = 1.15,]{* u.?ssLL;]

image courtesy of 8CC Engheering

Where: . STRUCTURES MANUAL
’ Introduction - General Introduction
I = 1 1=t ] 1 T Volume 1 - Structures Design Guidelines
[ '?H;n}Emhng the capacity of the existing member considering ONLY the existing s S e Wy
reinforcement ificati

Guide for the Design and

Spy and S, = the unfactored dead load and live load effects, respectively, that ocour | 550G Toe e o

4 - Fiber Reinforced Poly Guideli

Frequently Asked Questions

after the member has been strengthened. Strengthening Concrete 2023 Revision History
Structures Archived Structures Manuals
When multiple girders in a single span are strengthened then the following limit shall Aol
control:
R =11 =1,
['¢' ﬂ]Exlstlng { 5I:I‘L usLL}
If the existing reinforcement is insufficient to satisfy this eguation, then implement
alternative means of strengthening or replacement of the structure. Use load factors —
aci} Areencoee

and capacity reduction factors from the LRFD for this check.

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process



Current Policy & Practice for FDOT projects

1. Structures Manual-Volume 4 (FRPG 4.2.D - H) modifications

Topic Mo, 625-020-018
Januaw 2“23 Topic No. 625-020-018 January 2023

Fiber Reinforced Polymer Guidelines
4 - Carbon Fiber Reinforced Polymer (CFRF) Structural Strengthening

FLORIDA DEPARTMENT OF TRANSPORTATION

D. Modify Section 9.4 as follows:
For environmental considerations, use an environment reduction factor Cg = 0.85 for
all bridge applications.

E. Modify Section 10.2.8 and 10.3.1.4 as follows:
Check stresses in existing reinforcement (using Equations 10.2 8a or 10.3.1.4a'b)
using Service | Load Combination from LRFD,

. Modify Section 10.2.9 and 10.3.1.5 as follows:
Use the standard fatigue truck from LRFD to check faligue stresses in CFRP

composites, Check allowable fatigue stresses in prestressing or mild steel using
Chapter 5 of the LRFD.

. Modify Chapter 11 as follows:,

Shear strengthening using FRP is restricted to complete wrapping or 3-sided
LU-wrapping as illustrated in Figure 4,2-1, If U-wrapping is used, the termination of the
wrap must be anchored to prevent debonding. Design U-wrap systems using an
anchorage that has been previously tested to ensure the system will behave in a
similar manner to a completely wrapped system.

. Modify Chapter 14 as follows;

In addition to the requirements in Section 14.1.2, place transverse CFRP
reinforcement at the termination points of each ply of CFRP flexural reinforcement,
and along the length of the member from end to end of the CFRP reinforcement at a
maximum spacing of d. Alternatively, place 0-20 degree fabric, which when wrapped
the full depth of the web can provide simultaneous transverse and longitudinal
strengthening. The width of the transverse reinforcement at the termination shall

Guide for the Design and
Construction of Externally
Bonded FRP Systems for
Strengthening Concrete
Structures

Reported by ACI Committee 440

imege courtesy of 8CC Engheering

STRUCTURES MANUAL

Introduction - General Introduction
Volume 1 - Structures Design Guidelines
Volume 2 - Structures Detailing Manual

4 - Fiber

Frequently Asked Questions
2023 Revision History
Archived Structures Manuals
Additional Links

ACT440.2R-17

measure at lzast 3.d along the member axis and shall have at least 30% of the
capacity of the flexural reinforcement. Intermediate transverse reinforcement shall (@CT} Arercncongettre
have a minimum length of d/4. - s -
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Current Policy & Practice for FDOT projects

1. Structures Manual-Volume 4 (FRPG 4.3): Specs

4.3 PREPARATION OF SPECIFICATIONS PACKAGE T

FLORIDA DEPARTMENT OF TRANSPORTATION

The Engineer of Record shall develop Technical Special Provisions for construction and
guality control that conform to the specifications given in Attachment A of National

Cooperative Highway Research Program (NCHRP) Report 609 "Eecommended
Construction Specifications and Process Control Manual for Repair and Retrofit of

Concrete Structures Using Bonded FRP Composites”, except as noted herein,

Technical Special Provisions should be non-proprietary, multi-vendor solutions (2 =
- : A : STRUCTURES MANUAL
minimum), reviewed and approved by the State Specifications and Estimates Office and
the State Structures Design Office, or District Structures Maintenance Office as applicable 572 i L
per FRPG Section 4.1, - P :c%%%“f\é'm Volume 2 - Structures Detalling Manual
1 r L A A 4 8 ) PROGRAM. e

ced Pol Guideli
REPORT 609 Syme

ATTACHMENT A

_ Frequently Asked Questions
Recommended Construction 2023 Revision History
SpeC|f|cat|ons Archived Structures Manuals
Recommended Construction AiddBonsl, L

Pl e Specifications and
NCHRP or an . Process Control Manual for
Contents Repair and Retrofit of

nte Concrete Structures Using
1 GenmAZ Bonded FRP Composites
2 Submittals, A-8
3 Storage, Handling and Disposal, A-10
4 Substrate Repair and Surface Preparation, A-11
5 Installation of FRP System, A-15
6 Inspection and Quality Assurance, A-21
7 Repair of Defective Work, A-24
8 Measurement and Payment, A-25 TRANSPORTAI}ONEEASE?D}?T B‘OikD

nces, A-26
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Current Policy & Practice for FDOT projects

1. Technical Special Provisions:
* NCHRP Report 609 - Appendix A with adjustments per project

2. No Approved/Innovative Product Listing requirements:
 AASHTO NTPEP/PEAS con5|der|ng future approval & audit program for FRP.
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Current Policy & Practice for FDOT projects

. Structures Manual-Volume 4 (FRPG 4.3): Technical Special Provisions
T102: CFRP Testing A —

T102-1 GENERAL

FLORIDA DEPARTMENT OF TRANSPORTATION
THE ENGINEER SHALL OBSERVE ALL ASPECTS OF ON-SITE TiQ2-4 F TESTING FREQUENCY
FIELD-TESTI NG

CON| DIRECT PULL-OFF TESTING AT THE KO NG FREQUENCY
TI02-2 QUALITY ASSURANCE ONE INITIAL CFRP PULL-OFF TEST SAMPLE (127X ON PREPARED
SUBSTRATE |5 RFOUIRFD. THF ENGINFFR WICL SF THE LOCAT IOW
ALl TESTS SHALL COMPLY WITH REDUIREMENTS OF ASTM A370, ASTM WHERE THIS INITIAL TESTING WILL BE PERFORMED
CROZ, ASTM L1021, ASTM 03039, ASTN 4541 ASTH
E5432, ASTM ES48, ASTM EA99, AND ALK 430 2R-17 FEST THE INSTALLED CFRP PRIOR TD THE APPLICATION OF THE
PROTECTIVE COAT ING PERFORM A MINITMUN OF 2 DIRECT PULL-OFF
CALI BRATE TESTING EQU) PMENT BEFORE PROCEEDING WITH EACH SET TEST AT EACH STRUCTURE WHERE LESS TMAN 500 SQUARE FEET OF
OF TESTS USING DEVICES OF ACCURACY TRACEABLE TO EITHER CFRP IS INSTALLED FOR STRUCTURES WHERE MORE THAN 500
WAT ! O BURFAL OF STANDARDS OR ACCEPTED VALUES OF NATURAL SOUARE FEET OF CFRP IS5 INSTALLED, PERFORM I ADDIT IONAL
PHYSICAL CONSTANTS DIRECT MULL-OFF TEST FOR FACH 500 SOUARE FOOT [WNCREMENT
ALLOW THE CFRFP 5Y M TO CURE A MINIMUM OF 24 HOURS BEFORE
TIo2-3 CONTRACTOR SUBMITTALS EXECUT ION OF €T PULL-OFF TEST ENGINEER WILL
SELECT THE g YMERE THE TESTING WiLl BE PERFORMED
PRIOR TQ STARTING WORK, SUBMIT TO THE ENGINEER FOR APPROVAL, PATCH A AP MATERIAL PRIOR |mage courtes; ot 500 Enghesring
A PROPOSED QUALITY ASSURANCE ANMD TESTING PLAN AND WORK TQ T PPLICAT ION OF E PROTECTIVE COATING

5CHEDUL E

P _FABRIC) STRUCTURES MANUAL

WUST BE IN EXCESS OF 200 P
FED AREA TN ACCORDANCE Wi

102-4. 4 CONDITIONS OF RCEPTANCE (L}

T102-4 CARBON WRAP TESTING REQUI REMENT 5

THE TENS/LE BOND STRENGTH
IF REQUIRED. REPAIR E TE
OF THESE PLAN

Introduction - General Introduction
Volume 1 - Structures Design Guidelines
AENENT 5 Volume 2 - Structures Detailing Manual

TI0Z-4. 1 (NSPECTION FOR VOIDS/DELAMI NATI ONS

AFTER ALLOWING AT LEAST 24 HOURS FOR JNIT/ AL
DCCUR, PERFORM A VISUAL AND ACOUSTIC TAP TEST
SURFACE IN ACCORDANCE WITHM ACI 440. 2R-17
THE ACOUSTIC TAP TEST SHALL BE PERFORIZEF'
NS OF 2 /N OR LARGCER I A i

LIANCE RIALS AND MIXES WITH RE(

oF

WENTS. PROMPTLY NOTIFY THWE ENGINEER OF
(KITIES OR NON-CONFORMANCE OF WORK AND/OR

REI NF (7] FMER { CFRP). ADDL

D PoL Volume 4 - Fiber Reinforced Polymer Guidelines
PERFORMED |F AN AREA |S DEE

ADDIT IONAL TESTS REQUIRED 8Y THE ENGINEER. (F

g REQUIRED DUE TO NONCONFORMANCE TO SPECIFIED

OTHER METHODS FOR DE ONTRACT REQUIREMENTS. INCLUDING THE REOUIREMENTS Frequently Asked Questions

APPROVED BY THE EL INC PORATED INTO THES PLAN NOTES PERFORM THE REOQUIRED s &
REPAIA, AS WELL AS THE NEW TESTING. AT NO ADDITIONAL COST TO 2023 Revision History

1102-4.2 THE DEPARTMENT Archived Structures Manuals

ALL TESTS TAKE A MINIMUM OF FIVE SAMPLES FOR QUALITY CONTROL TESTING Additional Links

OF EACH OF THE FOLLOWING: CFRP SHEETS, BONDING RESINS. AND
TOPPING PRODUCTS PROVIDE THESE SAMPLES AT NO ADDITIONAL | &
COST TO THE DEPARTMENT

Tid2-5 TEST REPORT

AFTER EACH TEST. PROMPTLY SUBMIT ONE COPY OF THE TEST
REPORT TO THE ENGINEER INCLUDE WITH EACH TEST REPORT
AT A MIN] MM

FRIDR TO ¥ » ITNSTALLATION conNpucT
ON | NSTALLED SameiNB OF THE CFRP (12 I NCHES BY 12
VERIFr THE TENSILE BOND BETWEEM THE CFRP AND THE F :
[ IETE SUBSTRATE. THIS 54 E SHALL CONFORM TO THE NUMBER DATE [SSUED

RP LAYERS TO BE USED IN THE REPAIR THE LO oW OF THE PROJECT TITLE

ESTS SMALL BE REPAESENTATIVE OF THE RAL - NAME OF INSPFI 1]

5 AND PERFDRMED SURFACE. ALL THE CFRP DATE AND TIWE OF INSPECTION AND TESTING!

SFSTEM TD CURE A MIN[MIM OF S BEFORE EXECUTTON OF THE IDENTTFICAT ION OF PRODUCT AND SPECIFICATIONS SECTION
O RECT PULL=OFF TEST AFTER T G. INSPECT THE FAILURE { TNC i BATCM NUMBERS )

FAILURE AT THE BOND LINE AT -

PUL

ST A

SURFACE OF THE COD OCAT [ TESTS WITHIN THE PROJECT
TENSILE STRESSES BELOW 200 PSI IS UNACCEPTABLE. 1F THE TYPE OF INSPECTION OR TEST,
RESULTS ARE UNACCEPTABLE. C I THE MANUFACTL

5 RER., MAKE RESULTS OF TESTS
NECESSARY MODNFICAT!/ONS, AND REPEAT THE TESTS | it - CONFORMANCE WITH CONTRACT DOCUMENTS AND
ACCEPTABLE RESULTS ARE OQBTAINED, IF THE RESULTS FROM THE SPECIFICATIONS

TED TESTS PAOVE UNACCEPTABLE, THE ENGINEER MAS THE
FDOT Structures Ma# -

ETION TC OROER THE CONTRACTOR TO SUSSTITUTE A Di FFERENT
BON WRAF SYSTEM.




Current Policy & Practice for FDOT projects

1. Structures Manual-Volume 4 (FRPG 4.3): TSP T104 — CFRP Strengthening

riod4.) GENERAL
Tigd-i. | SUBMITTALS

SUBMIT PRODUCT DATA [NDICATIMG PRODUCT STANDARDS, FHYSICAL
AND CHEMICAL CHARACTERISTICS, TECHNICAL SPECIFICATIONS,
LIMITATIONS, [NSTALLAT [ON THSTRUCT [ONS . MAFNTENANCE
INSTRUCT JONS, AND GENERAL RECOMMENDAT IONS REGARDING EACH
MATERIAL [N ACCORDANCE WITH THE SPECIFICAT 1ONS

THE EFOXY /COMFDSITE SUPPLIER SHALL PAOVIDE A FIVE-YEAR
PROVEN RECORD [F PERFORMANCE OF CONCRETE WEMBER
STRENGTHEN MG WITH CARBON FIBER MATERIALS. CONFIRMED BY
ACTUAL FIELD TESTS, AND A MINIWUM OF 25 SUCCESSFUL FIELD
INSTALLAT I OWS

SudEMIT FOR RECORD A QUALIFICAT ION STATEMENT LITSTING
COMPLETED CFRF FROJECTS SINILAR IN BIJE AND SCOPE

INCLUDING. LOCATION, OWNER. ENGINEER/ARCHMITECT . AND CONTACT
MUNBERS TNCLUMHE & CERTIFIED LETTER STATING THAT THE
CONTRACTOR IS5 CURRENTLY QUALIFIED T INSTALL THE
MANUFACTURER'S CFRP

SUBMIT HEALTH AND SAFETY SHEETS AND MATERITAL SAFETY DATA
SHEETS (MSDS} OF EACH PRODUCT USED ON SITE AND CEARTIFICATION
THAT THE MATER!ALS CONFORM TO LOCAL, STATE AND FEDERAL
ENVIRONMENT AL AND WORKEARS® SAFETY LANS AND REGULAT TONS

FREPARE AND SUBMIT, FOR APPROVAL, THE QUALITY

ASSURANCE /OUALITY CONTROL (QA/C) PLAN, INCLUDING THE SHOP
DRAWINGS AND THE WORK PLAN FOR THE [NSTALLAT[OW OF THE CFRP
SYSTEM IN ACCORDANCE WiTWH THE SPECIFICATIONS THE SHOF
ORAFINGS AND WORK PLAN SHALL CONTAIN ALL THE DETAILES OF THE
CFRP WRAF, CFRP ANCHOR, SURFACE PREPARATION, CRACK AND
CONCRETE REPAIR MATERIALS, JOUNT AND END DETAILS, Pas
DETAILS, AND ALL OTHER INFORMATION REQUIRED FOR THE PROPER
INSTALLAT JOW OF THE SYSTEM THE WORK PLAN WILL DESCRIBE THE
TESTING AND INSPECTIOK BEQUIREWENTS AND TESTING EOQUIPMINT TO
BE USED

Tig2-1 2 QUALITY ASSURANCE

TI1a4-1. 2.1 CARBON WRAAF MANUFACTURER/SUPFLIER CUALIFICATION

THE CPRP SYSTEW MANUFACTURTR/SUPPLIER SHALL SPICTALIZE [N
THE MANUFACTURING OF THE PRODUCTS SPECIFIED IN THESE
SPECIFICATIONS. WITH DOCUMENTED EXPERIENCE. THE CFRP
MANUFACTURER SHALL MAVE BEEN (i EXISTENCE FOR A MINIMUN OF 5
YEARS. WITH AN ESTASL!SHED PROGRAM FOR CERTIFY NG
CONTRACTORS FOR PROPER INSTALLAT/ON OF THE SYSTEM. THE
CARDON MANUFACTURER/SUPPLIER SHALL HAYE A MINIMUM OF 25
DOCUMENTED SUCCESSFUL FIELD INSTALLATIONS

Fi104-1. 2.2 CARBON FIBER CONTRACTOR QUALIFICATIONS

THE CONTRACTOR SHALL HAVE SUCCESSFULLY COMPLETED A MINIMLW
OF FIVE PROJECTS OF SIMILAR SIZE AND SCOPE. N ADDIT/ON,
THE CONTRACTOR SHALL BE ENPERIENCED IN THE [NSTALLATIOW OF
THE SPECIFIED CARRON WRAP PRODUCT AND PROVIDE A NO
CERTIFICAT{ON LETTER FROM THE CARBOW

MANUFACTURER, ATTESTING THE CONTRACTOR IS CURRENTLY
QUALIFIED TOQ INSTALL THE MATERIALS

SECTION Tiod
FRP STRENGTHENIN

Tiod-1.2. 3 INSPECT

INSPECT ALL MATERJALS PRIOR TO APPLICATION TO ASSURE THAT
THEY MEET SPECIFICATIONS AND HAVE ARRIVED AT THE MO8 SITE
UNMDANAGED,  THE CERP REINFORCEMENT SHALL BE COMPLETELY
INSPECTED BY THE CONTRACTOR DURING. AND IMMEDTATELY
FOLLOWING, APPLICATION OF THE COMPOSITE MATERIALS. THE
CONTRACTOR SHALL ASS
PROFER AL IGNMENT OF FIBERS, AND QUALITY WORKMANSHIP
ENTRAPPED AIR SHALL BF RELEASED OR ROLLED QUT BEFORE THE
EPOAY SETS. DEFECTS SWALL BE NOTED [N THE DAILY
CONSTRUCT IO LOG, KEPT BY THE FIELD REPRESENTAT(VE . AFTER
CFAP REINFORCENENT HAS CURED. (NSPECT ALL THE WOAK TO CHECK
FOR VODS AND/OR DEBONDING. AREPAIRS SHALL BE MADE AND NOTED
IN THE QAILY CONSTRUCTION LOG

Tidd-1 T pOF SITE CONDTT IONS

ENMVTRONWENTAL CONDIT TONS SWALL BE EXAMINED BEFORE AND DURING
INSTALLATION OF THE CFRP SYSTEM TO ENSURE COWNFORMITY TO THE
CONTRACT DOCUMENTS AND MANUFACTURER'S RECOMMENDAT [ONS, 0O
NOT APPLY PRIMEAS. PUTTY. SATURATING RESINS DR ADHESIVES 48
pamMP, OR WET SURFACES

AMETENT AND CONCRETE SURFACE TENPERATURES SHA
S0 -95°F UNLESS SPECIF(ED BY THE MANUFACT
LEVEL OW ALL THE CONTACT SURFACES SHALL
THE TIME OF TNSTALLATION OF THE CFRE
ACCORDING TO AT 503882 (R
WAIVED FOR RESING THAT HAVE £
APPLICAT [ONS, CONTACT SUR
IF THE MARUFACTURER PRY
RESTN !5 FORMULATEL
LEVEL, AND TEST
HEU I BED B

MOTSTURE LEVEL

R THAT HIGHER CO
ULTS ARE PROVI
AND BOWD C A0

TiQ4-1.4. 1 STORAGE REQUIRA

ALL COMPONENTS OF FRP SYSTEM SHALL BE DELIVERED ANO
STORED IN THE O AL FACTORY - SEALED UNOPENED PACKAGING OR
ONTATNERS I PROPER LABELS TDENTIFY (WG THE MANUFACTURER
¥ YSTEM [DENTIFJCAT{ON NUMBER, AND DATE STORE
AND INITIATORS SEPARATELY ALL COMPONENTS SHALL

PHYSICAL DAWAGE. FIRE. AND TEMPERATURES OUTSIDE THE RANGE
SPECIFIED IW THE SYSTEM DATA SHEETS. ANY COMPONENT THAT HAS
BEEN STORED [N A CONDITION OIFFERENT FROM THAT STATED ABOVE
SHALL BE DISPOSED OF AS SPECIFIED (W TI104.1.4. 4, COMPONENTS
OF THE CFRP SYSTEM. ESFECTALLY RESINS AND ADHESIVES, THAT
HAVE BEEN & LD LONGER THAN THE SHELF LIFE SPECIFIED ON THE
SYSTEM DATA SHEET. SHALL NOT BE USED, AND SHALL 8F O15POSED
OF, A5 SPECIFJED IN TI04-1.4.4

JRE CONFORMANCE WITH THE DESIGN DRAWINGS.

TECTED FROM DUST, MOJSTUAE, CHEMICALS. DIRECCT SUNLIGHT,

Tiod-1.4.2 HANDL IMG

ALL COMPONENTS OF THE CFAP SYSTEN. ESPECIALLY FIBER SHEETS
AND ANCHORS ., SHALL BE WANDLED WITH CARE ACCORDING TO THE
MANUFACTURER S5 RECOMMENDAT IONS TO PROTECT THEM FROM DAMAGE,
AND TO AYQID MISALIGNMENT OR GREAKAGE OF THE FIPERS BY
PULLING, SEPARATIMG, OR WREIMKLING THEW, OR BY FOLOING THE
SHFETS., AFTER CUTTING, SHEETS SHALL BE FITHER STACKED DRY
WITH SEPARATORS. OR ROLLED GENTLY AT A RADIUS NO TIGHTER
THAN 12 INCHES OR AS RECOMMENDED OY THE WANUFACTURER.

TINd-1 4. 3 SAFETY HAZARDS

ALl COMPONENTS OF THE CFAP SYSTENM, ESPECIALLY RESINS AND
ADHESIVES. SHALL BE HANDLED WITH CARE TO AVQID SAFETY
HAZARDS , INCLUDING BUT NOT LINITED TO, SKIN [RRITATION AND
SENSITIZATION, BREATHING vAPOAS, AND DUSTS MixinG RESING
J BF WONITORED TD AVDID FUMING AND 'NFLANMABLE WAPORS
AZARDS, OR WIOLENT 80TLING THE CONTRACTOR |5

JELE TO ENSURE THAT ALL COMPONENTS OF THE CFRP
STAGES OF WORK. CONFORM TO L[OCAL, STATE. AND
NV RONMENT AL AND WORKER'S SAFETY LANS AND

5.

COMPONENTS OF THE CFRP SYSTEM SHALL BF
3 ALL AT THE PROJECT SITE SPECIFIC HANDL ING
[SPOSAL INSTRUCTIONS SHALL BE SPECIFIED IN THE

TOR 15 AFSPONSTBLE FOR PROVIDING PROPER MEANS OF
TION FOR SAFETY OF THE PERSONNEL AND THE WORKPLACE
DANING THE PCRSONNEL OF THE DANGERS OF INMALING FUMES OF
FPRIMERA, PUTTY OR RESIN. AND TAEING ALL NECESSARY

PRECAUT 1ONS AGAINST IWJURY TO PERSONNEL. THE AESIN MIXING
AREA SHALL BE WELL VWENTED TO THE OUTSIDE

THE CONTRACTOR IS5 RESPONSIBLE FOR THE CLEAN-UWP OF THE
EQUIPHENT AND THE PROJECT SITE FROM NAZARDOUS AND
AESTHETICALLY UNDESIRABLE CFRP COMPONENTS USIMNG AFPROPRIATE
SOLVENTS, A5 RECQUUENDED [N THE NSD5

Jipd-1.4. 4 DISPOSAL

ANY COMPONENT OF THE CFRP SYSTEM THAT WAS EXCEEDED ITS
SHELF LIFE QR POT LIFE, A WAS NOT BEFN PROPERLY STORFD OR
HANDLED, AND ANY UNUSED OF EXCESS MATERIAL THAT 5 DEEMED
WASTE. SMALL BE DISPDSED OF IN A HANNER AMIABLE TO THE
FROTECTION OF THE ENVIRONNENT AND CONSISTENT WITH THE M505.

TIRd-2 CFRP SYSTEW PAOPERTIES

CFRP SYSTEM AND ALL COMPONENTS MUST BE CC-ES
APFPROVED/ LISTED PRODUCTS PER ACIZS. A VALID (CC-ES REPORT
SHALL BE SUBMITTED

TIod-2.1 FIBER PROPERTIES AND DATA

CFRP FABRIC FROPERTIES VARY OEFPENDING ON THE MANUFACTURER

THE MUMBER OF LAYERS UTILIZED IN THE APPLICAT ION SHOULD BFE
DETERNINED TO SATISFY THE REOUIREMENTS SPECIFIED IN THE
FOLLOWING TABLES THE MAXIMUM NUMBER OF LAYERS UTILIZED
SHALL NOT EXCEED THREE LAYERS. NOT [INCLUDING ANCHORS AND
ANCHOR PATCHES

- Structures Detailing Manual

DEPARTMENT OF TRANSPORTATION

UCTURES MANUAL

on - General Introduction
- Structures Design Guidelines

January 2023
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rocurement pl"OCQSS




1.

Current Policy & Practice for FDOT projects

Structures Manual-Volume 4 (FRPG 4.3): TSP T104 — CFRP Strengthening

CARBON DRY FIBER PROPERTIES

PROPERTY MINIMUM REQUIREMENT
ULTTMA T GTH 550,000 Pal
TENSILE MODULUS 36 X _10°_PSI
ELONGATION T67%

AL

CURED LAMINATE PROPERTIES

PROPERTY MINIMUM REQUIREMENT
TENGILE STRENGTH 139,000 PST
MODULUS OF ELASTICITY 12.0 X _10°_PSI
TONGATTON A AK 1.00%
THICKNESS 0.040 TN
0" TENSILE STRENGTH PER INCH WIDTH 5,560 LBS/INCH
0" TENSILE STIFFNES5 PER INCH WIDTH 480,000 LBS

Tig4-2.2 FIBER ANCHOR PROPERTIES

CFRP ANCHMOR FIBER PROPERTIES SHALL BE MADE OF THE SAME
MATERIAL USED FOR THE CFRP WRAP SYSTEM THE FIBER AREA OF
CFRP ANCHOR SHALL BE FOQUAL T THE ARFA OF THE CFRP WRAP OR
TESTING DATA SHALL BE PROVIDED, SHOWING THAT THE ANCHORAGE
SYSTEM IS DESIGNED TO TAKE 100% OF THE TENSILE STRESS AT
FAILURE OF THE CFRP STRIP ALTERNATE ANCHORAGE SYSTEMS
COMPAT IBLE WITH THE CFRP WRAP SYSTEM MAY BE SUBMITTED TO
THE ENGINEER FOR APPROVAL ANCHOR SUBMITTALS SHALL MEET
THE REOQUIREMENTS OF SECTION TIO4-1.1 OF THESE PLAN NOTES .

SECTION T104
CFRP STRENGTHENING (CONTINUED)

CONCRETE RESTORATION SHALL INCLUDE THE REMOVAL OF ALL
DELAMINATED CONCRETE FROM THE AREA TO BE RESTORED ., ANY LOOSE
CONCRETE REMAINING IN THE DAMAGED REGION SHALL BE REMOVED,
LEAVING THE MEMBER WITH SOUND CONCRETE. THE PERIMETER OF THE
SPALL SHALL BE IDENTIFIED AND SAV CUT TO A MINIMUM DEPTH OF
% INCM TO PREVENT FEATHERED EDGES. THE RESULTING SHAPE SHALL
BE UNIFORM WITH NO POINTED CORNERS. NO CONCRETE REMOVAL
SHALL BE PERFORWED WITHOUT CONSULTATION AND APPROVAL OF THE
ENGINEER .

DISPOSITION AND TREATMENT OF CRACKS WITHIN 50LID CONCRETE
SHALL FOLLOW SECTION 41! OF THE SPECIFICAT|ONS. CFRP SYSTEM
SHALL BE INSTALLED NO EARLIER THAN 24 HOURS AFTER CRACK
TREATMENT . ANY SURFACE ROUGHNESS CAUSED BY CRACK TREATMENT
SHALL BE REMOVED.

ANY EXISTING CHIPS OR SPALLS SHALL BE ABRASIVE OR WATER
{HIGH PRESSURE WATER > 10.000-18,000 PSI1) BLASTED CLEAN IN
ACCORDANCE WITH THE REPAIR WATERIAL MANUFACTURER'S
RECOMMENDAT [ONS BEFORE PATCHING. ONCE THE CONCRETE SURFACE
IS PREPARED TO RECEIVE THE REPAIR MATERIAL IN ACCORDANCE
WITH THE REPAIR MATERIAL MANUFACTURER'S RECOMMENDAT IONS
CONCRETE RESTORATION SHALL BE PERFORMED USING AN APPROVED
POLYMER/LATEX -MCDIF|ED MORTAR/CONCRETE. THE SELECTED
MATERIAL SHWALL ACMIEVE A MINIMUM COMPRESSIVE STRENGTH OF
4,500/5.500 PS] IN 7/28 DAYS, RESPECTIVELY. PROPOSED
MATERIAL AND METHOD OF APPLICATION INCLUDING MANUFAC
TECHNICAL SPECIFICATIONS AND FORMULATION, IF APP
SHALL BE SUBMITTED TO THE ENGINEER FOR APPROV,

Fivg-2 3 SUKRFALE PHIMEK

SURFACE PRIMER SHALL BE A TWO COMPONENT, 100% S50LIDS,
MOTSTURE TOLERANT EPOXY. SURFACE PRIMER SHALL MEET THE
FOLLOWING MININUM REQUIREMENTS :

PROPERTY REQUIREMENT | ASTM TEST
TENSILE STRENGTH, 7 DAY 2500 P51 0638
TENSILE MODULUS, 7 DAY 105 K51 D638

" ELONGAT ION AT BREAK, 7 DAY 1.0% G638

| FLEXURAL STRENGTH, 14 DAY 3.500 P51 D790 |

| REAT DEFLECTION TEMP [RDT] & F Deas |

TI04-2.4 SATURANT

SATURANT RESIN SHALL BE A TWO COMPONENT, 100% SO0LIDS.
MOISTURE TOLERANT, HIGH STRENGTH., HIGH-MODULUS EPOXY .
SATURANT SHALL MEET THE FOLLOWING MINIMUM REQUIREMENTS:

PROPERTY REQUIREMENT | _ASTM TEST
TENSILE MODULUS @a0 K5I D638
ELONGATION AT BREAK 35% D638
[ FIEXURAL STRENGTH 17.500_Pol D732
FLEXURAL MODULUS 50K5] D790

[ HEAT DEFLECTION TEMP [HDT] 160" F D&dE |

T104-3 PROCEDURE FOR CFRP _APPLICATION

Ti04-3.1 CONCRETE SECTI/ON PREPARAT ION

THE WORK UNDER THIS SECTION CONSISTS OF RESTORING
DELAMINATED CONCRETE ON SELECTED BRIDGE COMPONENTS USING
POLYMER/LATEX MOD/!FIED CONCRETE SURFACES WHERE THE CFRP
SYSTEM IS TO BE APPLIED SHALL BE S0OUND. CONCRETE SPALLS
AND DELAMINAT IONS SHALL BE REPAIRED ACCORDING TO PROCEDURES
ACI 546R-96 AND ICRI NO. 03730, AS FOLLOWS
A LA LA v

COMMENC ING WORK

THE RESTORED CONCRETE SURFACE SH.
SHALL MATCH THE CONCRETE COMP:
REMOVE FORM LINES AND SHAR
FILLING WITH PUTTY. RI
DOWN PER THE ENGINE

BE GROUND DOWN OR F
WHERN\REQUIRED, SHALL BE

SUBSTRA
CLEANED
SURFACES 3
THE SURFAC

CONCRETE
THE APPROVAL 0O

URFACE OF CONCRETE SHALL BE
ENGINEER. ALL CONCRETE

THE CARBON WRAP SYSTEM SHALL MEET
GUIREMENTS OF T104-1.3.

FINAL APPRO! F THE SURFACE PRIOR TO ABRASIVE OR WATER
BLASTING SHALL BE RECEIVED FROM THE ENGINEER PRIOR TO
PROCEEDING WITH THE WORK

TI04-3.2 CONCRETE SURFACE PREPARAT ION

WORK PERFORMED UNDER THIS SECTION CONSISTS OF ROUGHMENING AND
CLEANING THE CONCRETE SURFACE PRIOR TO THE APPLICATION OF
CERP. WORK TO BE PERFORMED [NCLUDE ABRASIVE OR WATER (MIGH
PRESSURE WATER > 10.000-18.000 BLASTING. AIR BLOWING.
VACUUMING, AND ANY OTHER TECHNIQUE REQUIRED TO REMOVE DUST
GRIT, COATINGS, CHALK MARKS. PAINTS. CURING COMPOUNDS.
LAITANCE, AND OTHER SUBSTANCES WHICH WOULD INHIBIT BONDING
OF THE CFRP TO THE CONCRETE

SURFACFE . ALL CONCRETE SURFACES TOQ RECEIVE THE CARBON WRAP
SYSTEM SHALL MEET THE SURFACE MOISTURE REOQUIREMENTS OF
Ti04-1.3

THE SURFACE PREPARATION TECHNICIANS AND SUPERVISORS SHALL
BE CERTIFIED BEFORE ABRASIVE BLASTING IS STARTED

BLASTING AT EACH LOCATION SHALL NOT BEGIN BEFORE NECESSARY
CONCRETE REPAIRS AT THAT LOCATION ARE COMPLETED. AND THE
ENVIRONMENT AL MEASURES ARE IN PLACE

BEFORE BLASTING COMMENCES AT EACH LOCATION, THE CONCRETE
PATCH MATERIAL SMALL BE ALLOWED TO CURE A5 RECOMMENDED BY
THE MANUFACTURER OR OTHERWISE SPECIFIED [N THE CONTRACT
DOCUMENTS. NOTIFY THE ENGINEER IF THE MANUFACTURERS
RECOMMENDAT [ONS CONFLICT WITH THE REQUIREMENTS IN THESE
PLAN NOTES.

PERFORM NO WORK ON THIS ITEM UNTIL WRITTEN APPROVAL IS5
RECEIVED THE ENGINEER AND ALL SUPERVISORS AND
VE BEEN CERTIFIED FOR WORK.

NT AND MATERIALS REQUIREMENTS

THE FOLLOWING A
THIS ITEM OF WOR

EQUIPMENT AND MATERIAL REQUIREMENTS FOR

ABRASIVE BLASTING
SHALL BE CONVENT ION

U PMENT ABRASIVE BLASTING EQUIPHENT
AlR PRESSURE-TYPE BLASTERS A

5-020-018

FLORIDA DEPARTMENT OF TRANSPORTATION

STRUCTURES MANUAL

Introduction - General Introduction

IMUM PRESSURE
ST NOZZLE

00 PS] SHALL BE MAINTAINED AT THE

ABRAS | THE ABRASIVE MATERIAL SHALL BE CLEAN AND DRY
SAND OR OTHER SUITABLE MATERIAL THE BLAST MATERIAL
L BE PLANT PACKAGED AND MAINTAINED IN A CLEAN AND DRY
CONDITION AT ALL TIMES. WATERIAL STORED [N THE BLASTER POT
OVERNIGHMT SHALL NOT BE USED. A COPY GF THE M505 SHALL BF
PROVIDED TO THE ENGINEER PRIDR TD BLASTING. SPENT
ABRASIVES SHALL NOT BE REUSED.

COMPRESSED AIR COMPRESSED AIR USED FOR ABRASIVE BLASTING
SHALL BE CLEAN, QIL FREE., AND DRY, PER ASTM D4285. AIR LINE
FILTERS AND MOISTURE SEPARATORS SHALL BE [INSTALLED UPSTREAM
FRON THE BLASTING EQUIPMENT. THESE S5HALL BE INSPECTED
DAFLY FOR CLEANLINESS AND CORRECT OPERATION. ANY

INDICAT ION OF MALFUNCTIONING EQUIPMENT SHALL BE CORRECTED
IMMED]ATELY

SUBMIT DETAILED DESCRIPTIONS OF ALL MATERIALS TO BE USED TO
THE ENGINEER FOR APPROVAL. THIS INFORMATION SHALL PROVIDE
ALL RELEVANT CONSTITUENTS AND PROPERTIES OF EACH MATERIAL
AND THE SPECIFICATIONS TO WHICH EACH COMPLIES DATA
PUBLISHED BY THE MANUFACTURERS WILL BE ACCEPTABLE EXCEPT
WHERE CERTIFICATIONS OF WATERIALS CHARACTERISTICS ARE
REQUIRED

\ 1 - Structi Design Guidelines
Volume 2 - Structures Detailing Manual
/olume 3 - FDO lodifications to | RFD

Volume 4 - Fiber Reinforced Polymer Guidelines

January 2023

Frequently Asked Questions
2023 Revision History
Archived Structures Manuals
Additional Links
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TI04-4 REFAIR OF DEFECTS THO4-5. 3 PRODUCTS DATLY TNSPECTION WILL INCLUDE
UPON COMPLETION OF THE CURING PROCESS, THE INSTALLED SYSTEW UV PROTECTIVE EPDXY-BASED POLYMER COATINGS THE POLYMER - DATE AND TINE OF REPAIR
SHALL BE CHECKED FOA AREAS WHERE SATURANT HAS NOT PENETRATED COATING SHALL SATISFY THE FOLLOWING CONDITIONS: AMBIENT AND CONCRETE SURFACE TEMPERATURES DEPARTMENT OF TRANSPORTATION
OR WHERE SATURANT HAS WOT COMPLETELY CURED. SUCH AREAS - RELATIVE HUNIDJTY AND GENERAL WEATHER CONDITIONS;
SHALL BE EPOXY INJECTED TO REESTABLISH BOND. SUBJECT TO THE MATERIAL SHALL BE GRAY -COLORED, ACRYLIC, PROTECTIVE COATING: SURFACE DRYNESS PER ACI 503.4:
APPROVMAL OF THE EMGINEER MATERIAL SWALL PREVENT MOTSTURE [INGRESS; - SURFACE PREPARAT{ON AND SURFACE PROFILE USING ICRI

MATERIAL SHALL BE WATER VAPOR PEAMEABLE AND PROVIDE SURFACE - PROF I LE -CHIPS ;
REPAIR PROCEDURES SHALL BE PERFORMED IN ACCORDANCE WITH CARBONAT 10N BARRIER : - QUALITATIVE DESCRIPTION OF SURFACE CLEANLINESS
MANUFACTURER 5 HECOMMENDAT TONS AND AS SPECIFIED BY THE MINIHUN DRY FULM THICKNESS SHALL BE 4.8 MILS: WIDTHS OF CRACKS NOT ITMIECTED WITH EPORY
ENGINEER, ALL REPAIRS SHALL BE SUBJECT TO THE SAME FROVIDE UV PROTECT ION FIBER LANINATE BATCM WUMBERS AND THEIR LOCATIONS IN
APPLICATION, CURING . AND QUALITYF CONTROL SPECIFICATIONS AS STRUCTURE BATCH NUMBERS. WINTURE RATIOS. MIXING TIMES
THE DRIGINAL WORK . TI04-5._4 SURFACE PREPARATION AND APPLICATION REQUIREMENTS AND QUALITATIVE DESCRIPTIONS OF THE APPEARANCE OF ALt

MIXED RESINS. PR{IMERS, PUTTIES, SATURANTS, ADHES(VES

SMALL DELAWINATIONS, LESS THAN 2 SOUARE INCHES FACH. DO NOT ALL SURFACES TO BE COATED SHALL BE CLEAN AND DRY. SURFACE AND COAT INGS
REQUIRE CORRECTIVE ACTION. AS LOMG A% THE TOTAL DELAMINATED PREPARAT [ON SHALL BE AS RECOWMENDED BY THE WANUFACTURER - OBSERVAT IONS OF PROGRESS OF CURE OF RE ('L
AREA 15 LESS THAM 5% OF THE APPLJED SURFACE AREA, SOLVENT -W/PES SHALL NOT BE WSED TO CLEAN THE CFRP SURFACE, CONFORMANCE WITH INSTALLATION PROCEDURES :

UNLESS APPROVED BY THE CFRP MANUFACTURER, IF ABAASIVE ADHESION TEST AESULT INCLUDING BOND STRENGTH,. FAILURE
LARGE DELAWINAT IONS, GREATER THAN 25 SOUARE [INCHES FACH, CLEANING IS5 MECESSARY . AIR PRESSURE SHALL BE LIMITED TO HODE , AND LOCAT ION
SHALL BE REFPAIRED 87 SELECTIVELY CUTTING AVAY THE AFFECTED AVOTD ANY DAVAGE TO FIBEAS THCLINOE THE PREFPARAT IOW \FRP PROPEARTIES FROM TESTS OF FIELD SAaMPLE PANELS

UCTURES MANUAL

on - General Introduction
- Structures Design Guidelines
- Structures Detailing Manual

SHEET, REAPPLY /NG PRIMER AND RESIN LAVERS, AND APPLY TMG AN TECHNIQUE A5 PART OF THE DETAILED WORK FLAN SUSMITTED TO
CVERLAPPING CFRP PATCH OF FOQUIVALENT PLIES AND FIBER ENGINEER FOR APPROVAL PRIOR TO STARTING THE WORK
CORTENTAY ION . ALLCW FOR & INCHES OVERLAF IN ALL DIRECT IONS

ATION AND 5)TF OF ANY DELAWINAT JONS OR AR VO[D5;
ERAL PROGRESS OF WORK.

THE RECOMMENMDED APPLICATION TEMPERATUARE [ ANBIERD

MODEAATE DELANINAT(ONS, LESS THAN 25 SOUARE [NCHES FaCH, SUBSTRATE) |5 50°-95°F, MATERIAL CAN BE APP,
SHALL BE REPAIRED BY FILLING THE DELAMINAT JONS USING AOLLER, OR SPRAY OVER ENTIRE AREA NOW N
LW - PRESSWAE INJECTION OF THE SATUAANT, OR 8Y THE PREVIOUS ALLOW A MINIMUN OF Z0-%0 M{NUTES PRI
FROCEDURE SPECIFIED FOR LARGE DELAMINAT IONS . HIGHER TEMPERATURES, WORK CAREFUL
TO ACHIEVE A ORY FILM THICKNE

REPAIR PAOCEDUAES FOR CONDITIONS THAT ARE NOT SPECIFICALLY COATS SHOULD BF ANTICIPATEZ
ADDRESSED 'N THESE WOTES SHALL BE SUBMITTED AND APPROIVED BY COAT MAY BE MECESSARY
THE ENGINEER PRIOR TO PAOCEEDING WITH THE WORK.

NTATION, FIBER KINKS, AND WAVINESS WILL
D Br VISUAL INSPECTION FOR COMFORMITY TO THE
SPECIFIED [N THE PLAN NOTES . MO - CONFORMING
TLL BE REMOVED, AND REFPAIRED AS PER SECT/ON
HWE CONTRACTOR'S EXPENSE

ONE DIRECTION. CONDIT IOy
0 RECOATANG &
0 KAINTAIN
4.6 NILS, Two

G AT LEAST 24 HOURS FOR THE [NITIAL CUAE OF THE RESIN
TSUAL INSPECTION OF THE SURFACE WILL BE PERFORMED FOR
ANY SWELLING, BUBBLES, WOIDS, OR DELAWINAT IONS IF AN AIR
POCKET {5 SUSPECTED, AN ACOUSTIC TAP TEST WILL BE CARATER
QUT IN ACCORDANCE WITH “SECTION T102 - CARBON FIBER
REINFORCED POLYNER TESTING RIGUIREMENTS . ”

ADHERE TO ALL
T1g4-5 PROTELTIVE COATING THE MANUFACT]

T/aa-5 | GENERAL &
—_— Frequently Asked Questions

2023 Revision History
Archived Structures Manuals
Additional Links

TIRd-6.2 TESTING

THIS SPECIFICATION DESCAIBES THE COATING OF THE WRAP SYSTEN,
TNCLLND ING ADJACENT CONCRETE SURFACES. WITH A
NOW-VAPOR - BARRIER, FLEXIBLE, PROTECTIVE. WATERPROOF NG
COATING. MATERJAL SHALL BE 4 POLYMER BASED LATEX COATING.
FINAL APFEARANCE [S TO MATCH, WITHIN REASON. THE COLOR AND
TEXTURE OF THE ADJACENT COWCRETE

11
TRATNED [NSP = DEPARTMENT FOR FOR TESTING REQUIREMENTS. 5SEE "SECTION TIDZ CARBON FIEER
QAL ITY ASSUR ; T T PRESENCE OF THE REINFORCER POLYMER TESTING REQUREMENT S

CONTRACTOR A f . i RACTOR MAY HAVE ITS OWN
INSFECTOR FOR PV CONTROL

INSPECT i g

TIOd-6 .1 INSPECTION AN JALITY ASSURANCE

THSTALL MATERIALS IN ACCORDANCE WITH ALL SAFETY AND WEATHER
CONDITIONS REQUIRED BY THE MANUFACTURER, OR AS MODIFIED BY
APPLICABLE RULES AMD REGULATIONS OF LOCAL, STATE, AND
FEQERAL AUTHIORITIES HAVING JURISDICTION, CONSULT NSD5 FOR
COMPLETE HANDL NG RECOMMENDAT ! ONS

MANUFACTURER' 5 I
CFRP CONPON

TFICATIONS FOR ALL DELIVERED ANMD STORED
WILL BE INSPECTED FOR CONFORMITY TOD THESE
BEFORE START /NG THE CFAP REFAIA

RIALS TESTING SHALL BE CONDUCTED ON SANPLES OF PRE-CURED
DO NOT AFFPLY COATING MATERIAL IF IT |5 RAINING, OR IF SULCH WITNESS FPANELS AN MATERIAL THAT DOES NOT MEET THE
CONDITIONS APFEAR TO BE TMMINENT REQUIRENMENTS OF THE CONTRACT DOCUMENTS WILL BE REJECTED

Tig4-5.2 SUBNITTALS

THREE COWIES OF MANUFACTURER'S LITERATURE, 7O
£

DATA SHEET, SYSTEM DATA SHEET. APPLICATION GUIDE .,
AND APPROPRIATE MSDS

SAMPLE MOCK-UF (MIMTMUN 12 TNCHES BY 12 INCHES) OF THE

COATING PRODUCT TO BE INSPECTED FOR COLOR MATCHING AND
APPROVED BY THE EMGINEER PRIOR TO APPLICAT ION

FDOT Structures Manual Guidance: Implementing AASHTO 2™ Edition and Procurement Process
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A DEPARTMENT OF TRANSPORTATION

FI104 -6 3 SANPLING

RECORD LOT NUMBER OF FIBER USED FOR WRAPPING TWO SAMPLES
SMALL BE PREPARED RANDOMLY THROUGHOUT THE DURATION OF THE
PROJECT FHE ENGINEER SHALL SELECT THE TIME AND LOCATION OF
THESE SAMPLES. SAMPLES SHALL CONSIST OF TWQO 12 INCH BY 12
INCH LAYERS OF FIBER (FLAT)

MiX SAWPLES OF EPOXY RESIN ACCORDING TO MANUFACTURER'S
RECOMNENDAT JONS ALL NATERIALS USED FOR THE SAMPLES SHALL
BE FROM THE SAME PRODUCTS (LOT NUNBER) BEING USED AT THE
SITE ON A DAILY BASIS ON A SHOOTH, FLAT, LEVEL SURFACE
COVERED WITH POLY ETHYLENE SHEETS. PREPARE A SAMPLE BY
PLACING TWO LAYERS OF THE COMNPOSITE ORIENTED IN THE SAKE
DIRECTION COVER WITH POLY ETHYLENE SHEFTS AND SQUEEZE
ALl BUBBLES THE PREPARED . JOENTIFIED SAMPLES SHALI
TESTED ALL TESTING SHALL BE AT THE CONTRACTOR'S
8Y AN INDEPENDENT LABORATORY ., AND IN ACCORDANC ITH ASIN
3039 TWO COPIES OF THE TEST RESULTS AARE T{ SU&WTTa
A l\

RUCTURES MANUAL

tion - General Introduction
- Structures Design Guidelines
2 - Structures Detailing Manual

- FDO adifications to | RFD

- Fiber Reinforced Polymer Guidelines

Frequently Asked Questions
2023 Revision History
Archived Structures Manuals
Additional Links

O THE ENGINEER WITHIN FIVE DAYS OF TEST
THE TESTING SHALL CONSIST OF

ULTIMATE TENSILE STRENGTH;
TENSILE NODOULUS
PERCENT ELONGAT 1ON

FOR PULL -OUT TESTING REQUIREMENTS, SLE

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process
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Adoption of

AASHTO 2" Ed.

|-— ¢ GIRDER

-

CONCRETE SLAB
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] 0“

AASHIO

il

DESIGN OF BONDED FRP SYSTEMS
FOR REPAIR AND STRENGTHENING
OF CONCRETE BRIDGE ELEMENTS

6" SPACING

(TYP.)

(TYP. UNO.)

CFRP PATCH (TYP.) — lk

CFRP ANCHOR

%" © HOLE

What’s the plan? (7P

CFRP ANCHOR (TYP.) /,{
10" WIDE LATERAL Il

CONTINUQUS STRIP
(CFRP LAYER)

CFRP ANCHOR 7

%" © HOLE (TYP.) — /

|
|
i

.

*

R

AASHTO GIRDER —

|
|
|
i
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Recently completed Research

FDOT{ i ® OFFICES MAPS & DATA CONTACT ABOUT PROJECTS RESOURCES
P

1. FDOTSRC | oo
Structures Design

Structures Research Center

https://www.fdot.qov/structures/structuresresearchcenter/default.shtm

SRC Home Active Research Completed Research Contact Us

Welcome

e The Marcus H. Ansley Structures Research Center, located at Innovation Park in
Tallahassee, Florida is a structural research and testing facility for the Florida
Department of Transportation. The primary mission of the Structures Research Cente
is to provide research, testing, and evaluation of innovative structural components
and bridge systems along with testing existing inventory to provide for safe, reliable,
and cost-efficient structures across the State's highway system.

e QOur vision is to provide the Department with the highest quality technical expertise i
the field of structural research and structural testing.

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process
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Completed FRP Research

Cumulative FRP Research Costs
(1992-2021)

Cumulative S

® G/BFRP-RC
CFRP-PC
$6,000,000
Ext-FRP
B Other
$5,000,000
$4,000,000
~N
$3,000,000
~
2020 \
2
LN $2,000,000

2013 ‘ I n.
-
2006 $1,000,000
=

Year Research

Contracts 1999\ L
Completed - s-
1992
S
s %
T S

Cumulative Costs

1992

1995

1995

1997

1997

1997

1997

1998

1998

1999

Feasibility of Fiberglass Pretensioned Piles in a Marine
Environment

Active Deformation Control of Bridges with AFRP Cables

Durability of CFRP Pretensioned Piles in a Marine
Environment — Phase Il

Mechanical and Microscopy Analysis of CFRP Matrix
Composite Materials

FRP Composite Column and Pile Jacket Splicing

An Analytical and Experimental Investigation of Concrete
Filled FRP Tubes

Flexural Reliability of RC Bridge Girders Strengthened with
CFRP Laminates

Studies of CFRP Prestressed Concrete Bridge Columns and
Piles in Marine Environment

Analysis and Modeling of Fiber-Wrapped Columns and
Concrete-Filled Tubes

LRFD Flexural Provisions for PSC Bridge Girders
Strengthened with CFRP Laminates

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process
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Sen, R.

Arockiasamy,
M.

Sen, R.

Garmestani, H.

Mirmiran, A.

Mirmiran, A.

Okeil, A.

Arockiasamy,
M.

Shahawy, M.

El-Tawil, S.

USF

FAU

USF

FAMU/F
SU

UCF

UCF

UCF

FAU

FDOT

UCF



Completed FRP Research  eestrengthening & repair

1999

2000

2000

2000
i
' 2000

0/13/2006

2001

2003

2004

2007

2009

Behavior of Reinforced Concrete Beam-Column Retrofitted
with Composite Wrapping Systems

Effect of Concrete Strength on the Performance of FRP
Wrapped RC Column Under Combined Axial-Flexure
Loading

Behavior of Axially Loaded Short Rectangular Columns
Strengthened with CFRP Composite Wrapping

Investigation of Fender Systems for Vessel Impact

Short-Term Tensile Strength of CFRP Laminates for Flexural
Strengthening of Concrete Girders

Design of Concrete Bridge Girders Strengthened with CFRP
Laminates

Hybrid FRP-Concrete Column

CFRP Repair of Impact Damaged Bridge Girders

Testing Bridge Decks with Near-Surface mounted FRP Bars
Embedded in Cement Based Grout

Thermo-Mechanical Durability of CFRP Strengthened RC
Beams

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process

Chaallal, O.

Chaallal, O.

Chaallal, O.

Yazdani, N.

Okeil, A.

El-Tawil, S.

Mirmiran, A.

Hamilton, T

Hamilton, T

Mackie, K

FDOT

FDOT

FDOT

FAMU/F
SU

UCF

UCF

NC State

UF

UF

UCF



Completed FRP Research  eestrengthening & repair

Testing Precast Piles with Carbon Fiber Reinforced Polymer

2010 Abalo, V. FDOT
Mesh
2011 Testing of Trelleborg Structural Plastics Wagner, D. FDOT
‘ 2011 Testing of Trelleborg Structural Plastics Wagner, D. FDOT
ﬁ The Repair of Damaged Bridge Girders with CFRP
ey 2012 _ El-Safty, A. UNF
/8 7 Py - Laminates
+5 M Rehabilitation andRepair Roddenberr FAMU/F
P 23 < 2014  |nvestigation of CFCC in Prestressed Concrete Piles M v SU
2015  Use of CFRP Cable for Post-Tensioning Applications Mirmiran, A. FIU
2015  Repair of Impact Damaged Utility Poles with FRP, Phase |l Mackie, K. UCF
Durability Evaluation of Florida’s FRP Composite :
2017 i Hamilton, T. UF
Reinforcement for Concrete Structures
Testing, Evaluation, and Specification for Polymeric
2018 ; _ El-Safty, A. UNF
Materials used for Transportation Structures
2018 Degradation Mechanisms and Service Life Estimation of ElSafty, A, UNF

FRP Concrete Reinforcements

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process



Completed FRP Research

11.65

)

2018
2018
2019
2020
2020
2020
2021

2021

2021

- > 2021

2022

Bridge Girder Alternatives for Extremely Aggressive
Environments

Performance Evaluation of GFRP Reinforcing Bars Embedded
in Concrete Under Aggressive Environments

Performance Evaluation, Material and Specifications for
Basalt FRP Reinforcing Bars Embedded in Concrete

Basalt FRP-FRC Link-Slab Demonstration Project Monitoring
(STIC-Phase 1)

Inspection and Monitoring of Fabrication and Construction
for the Halls River Bridge Replacement

HSSS Strands and Lightweight Concrete for Pretensioned
Concrete Girders (w/ Shear & Confinement Rebar)

Testing Protocol and Material Specifications for Basalt Fiber
Reinforced Polymer Bars (Long-term Durability Modelling)

Evaluation of GFRP Spirals in Corrosion Resistant Concrete
Piles

Development of GFRP Reinforced Single-Slope Railing

Epoxy Dowelled Pile Splice Evaluation & Testing

Detailing of Externally Bonded CFRP for Shear
Strengthening
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FRP Strengthening & Repair

Suksawang, N.

Brown, J.

Kampmann, R.

Kampmann, R.
Roddenberry, M.

El-Safty, A.

Roddenberry, M.

Roddenberry, M.

Kampmann, R.
Tang, Y

Jung, S.

Consolazio, G.

Mehrabi, A.

BEA9OQ

ERAU

FAMU/
FSU

FAMU/
FSU

UNF

FAMU/
FSU

FAMU/
FSU

FAMU/
FSU

FAMU/
FSU

UF

FIU

FIT


https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/2022/fdot-bea90-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/2022/fdot-bea90-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/project-summaries/2023/%20fdot-bea90-sum%20.pdf

O ngOi Ng FRP Resea rCh FRP Strengthening & Repair

Strengthening Piers to Resist Vehicular Collision

2023 (Analytical) Zhang, Q. FAMU/FSU
Experimental Evaluation of Strengthening Methods for
?
2025 Bridge Piers Against Vehicular Collision IS S
20252 Evaluation of Ultra-High Performance Concrete (UHPC) Garber, D. TBA
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Completed Projects

Table 7—Summary of survey responses

Bridge Location Repair FRP FRP Inspection | Load
. . No. Date source reports? test?
¢ Re p a I r & St re n gt h e n I n g . 790035 Volusia 2007 Wet layup Unknown Y Y
County CFRP
570017 District 3 2015 Wet layup Unknown Y N
CFRP
570018 District 3 2015 Wet layup Unknown Y N
Florida Department of Transportation Research CFRP
FD OT E Durability Evaluation of Florida's Fiber-Reinforced 10070 ) SROTNS | 2009 | Wetlayup | TRE Wiap Y N
p———_ il Polymer (FRP) Composite Reinforcement for Concrete 110074 | Bridges Road | 2005 | Wetlayup | MAS-2000 Y N
520027 | CRS3OWB | 2010 | Wetlaywp |TREXWrp | Y | N
Project Number Current Situation | overSR9I CFRP TEC3-10U
BDV31-977-01 Fiber-reinforced polymer (FRP) composites, when applied to concrete bridge structures, 920075 | Ramp Aover | 2005 [ Wetlayup | MAS-2000 Y N
are proven to increase strength and stiffness. They may also mitigate corrosion of the steel SR 91 CFRP
Project Manager reinforcement in concrete members by reducing diffusion of chlorides into concrete. However, in 930144 45™ Street 2007 | Wetlayup | TREX Wrap Y N
David P. Wagner the past, these repairs have been viewed as a very temporary bandage, and their durability has over SR 91 CFRP TEC3-20C
FD generally been evaluated using accelerated or theoretical methods. Long-term field exposure 930144 454 Sireet 2004 Wet layup BASF A% Y
_ . data Whi(hWOU!d helpto deterr_nine tljevalidityof S aver SR 91 CFRP MBrace
Principal ]nvestlgator accelerated testing are not readily available. ' CF160 .
H. R. Hamilton Research Objectives 030148 | PGA BIvd | 2004 | Wetlayup BASF /v Y
' University of Florida researchers evaluated the Ramp over CFRP MBrace ) \
long-term effectiveness of FRP repairs on a ' SR 91 CF160” | o©
number of Florida bridges. 1 104320 | Phillips Lane, | 2001 | Wetlayup | Ut c.%‘o Y Y
Project Activities = Hillsborough CFRP 2
The replacement of three Florida bridges — — , County pd ;\Qq’ X %
RN G PO PR R 0 B Y WK g Frpars Retare it ranlarement this hridaa ﬁ.pua.wm'*rft"/f'w"’? 104323 Dickman 2014 Wet 1 Q,f L4 NIW‘ 7 A% N
Source: Hamilton, et al. 2017, Durability Evaluation of ) _Road, , ML& Q
Florida's Fiber-Reinforced Polymer (FRP) Composite 5 the H"EEE;?:LgI’
Reinforcement for Concrete Structures, UF & FDOT. of 104422 | Durant Road, | 2013 | Wetlayup ]  Mapei Y N
LIS DY UVETTIZIYNIL LTULRS di U SUusSequel iy repdineu Wil FREF LUHTTPUSILES. HI I IShornugh CFRP Mapc“‘rrﬂp
County C Bi-Ax 230
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https://www.fdot.gov/docs/default-source/content-docs/structures/structuresresearchcenter/final-reports/2017/FDOT-DDV31-977-01-rpt.pdf
https://www.fdot.gov/docs/default-source/content-docs/structures/structuresresearchcenter/final-reports/2017/FDOT-DDV31-977-01-rpt.pdf
https://www.fdot.gov/docs/default-source/content-docs/structures/structuresresearchcenter/final-reports/2017/FDOT-DDV31-977-01-rpt.pdf

Common Example Projects

There are several other reasons FRP repairs and
strengthening are necessary:

 QOver-height truck impacts.

* |In sufficient detailing past practice for shear strength.
 Fire damage rehabilitation

 Beam end/bearing repair (confinement)

Figure 227—Girder damage from vehicle impact in July of 2001
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Novel Degradation Mechanisms in Florida

Aggressive environments also include:
* Areas subject to spray from jet skis.

e Saltwater dripping from boat
trailers.

* |n northern Florida there has been a
move to place salt after winter
storms. If this becomes a more
common occurrence, consideration
may be given to including these.
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Example Other Types of FRP Projects

1. FRP-Prestressed Concrete (PC):
* Prestressed Beams - CFRP strands, GFRP/BFRP auxiliary
* Bearing Piles — CFRP strands, spirals, & splice dowels, (GFRP/BFRP auxiliary?? )
* Sheet Piles - CFRP strands, GFRP (BFRP ? submerged) stirrups

2. FRP-Reinforced Concrete (RC):
* CIP Decks & Flat-Slab Bridges - GFRP (BFRP now allowed)
e Seawalls — GFRP (submerged)
* Bulkhead Caps — GFRP/BFRP
* Retaining Walls - GFRP/BFRP
* Drainage Structures/Box Culverts — (no recent examples)

3. FRP Elements (MS):
* Fenders, Piles, HCBs, Pedestrian Structures

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process



FRP RC/PC material systems used in Florida’s
Highway Bridges & Structures

Recent Completed Projects

Arthur Drive over Lynn Haven Bayou **

Bakers Haulover Cut Bulkhead Replacement *
Cedar Key Bulkhead Rehab *

Key West Bight Ferry Terminal Extension **
Halls River Bridge ***

PortMiami Tunnel Retaining Walls

South Maydell Dr over Palm River *

SR-A1A Flagler Beach Seawall (Segment 3) *
SR-5 (US-17) over Trout River Rehab **

SR-5 (US 41)/Morning Star and Sunset link-slabs

SR-45 (US 41) over North Creek ***

SR-312 over Matanzas River Rehab **

SR-520 over Indian River Bulkhead Rehab *
Sunshine Skyway Seawall Rehab & Extension™
UM Innovation Bridge ***

UM Fate Bridge superstructure

UM i-Dock ***

US-1 over Cow Key Channel FSB’s

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process

Current Projects

4th St at Big Island Gap **

40th Ave NE over Placido Bayou ***
Barracuda Blvd over Canal Bradano **
Bayway Structure-E Seawall Cap *

Bimini Dr over Duck Key Canal *

CR30A over Western Lake ***

Jupiter Federal Observation Platform ***

NE 23" Ave over |bis Waterway ***

S. Maydell Dr/Palm River Bulkhead *

SR-A1A over Myrtle Creek and Simpson Creek
SR-A1A N. Bridge Observation Platform ***
SR 404 & 528 Indian & Banana Rivers Rehab *
SR5 over Oyster Creek *

SR 5/US 1 over Earman River Canal ***

SR-30 over St Joe Inlet *

SR-112/1-195 Westshore waterway *

Village of North Bay Seawall *

West Wilson St over Turkey Creek **

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

* bulkhead/seawall only
** piling/substructure only
*¥** complete bridge

® v Tallahassee

Jacksonville



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-412194-1.pdf?sfvrsn=d4423dd5_2
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-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-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
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/frp/fastfacts-434042-1.pdf?sfvrsn=f56f37fe_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/fastfacts-434041-1.pdf?sfvrsn=269f97e0_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-435815-1.pdf?sfvrsn=2832a310_2
https://www.fdot.gov/structures/innovation/FRP.shtm
https://www.fdot.gov/structures/innovation/FRP.shtm

FRP structural member systems used in Florida’s
Highway Bridges & Structures

https://www.fdot.qov/structures/

Recent Completed Projects Current & Future Projects

innovation/froms
Acosta Bridge fender replacement * * complete fender system
Bayway Structure-E fender * ** FRP concrete filled arch
US-331/Choctawhatchee Bay fender wales Marco Island Winter Berry Bridge *¥** FRP pedestrian structure
Halls-River Bridge - Hybrid Composite Beams I-10/Apalachicola River Fender replace *
Howard Frankland Bridge NB fender * Jax. Main St Bridge Fender rehab *
Ocala Water-Recharge Park Boardwalk *** SR-40 over Halifax River fender replacement *
Skyplex Blvd - Composite Arch Bridge ** SR-292 Perdido Key/ICWW fender replacement *
SR-A1A/Sisters Creek fender * SR-520 over Indian River fender replacement *
SR-A1A/Blue Heron fender replacement * US-192 over Indian River fender replacement *
SR-3 over Barge Canal fender replacement * SR-401 over Barge Canal fender replacement *
SR-44 over Indian River fender replacement * SR-518 over Indian River fender replacement *

SR 714/South Fork St Lucie River *

N

CELL 2

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process


https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430021-1-hcb.pdf?sfvrsn=1b15d032_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-ocalarechargepark.pdf?sfvrsn=39eb913c_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-skyplex.pdf?sfvrsn=3c33920d_2
https://www.fdot.gov/structures/innovation/frpms
https://www.fdot.gov/structures/innovation/frpms

FRP Design Guidance, Specs, & Tools: Florida DOT

* Mandatory Specifications

* Uniform Approval Processes
- Manufacturer Approval vs. Product Approval
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Members and Structures

Overview

Usage Restrictions / Parameters
Design Criteria

Specifications

E’;ﬂ;ﬁ:’@c Program The deterioration of reinforcing and prestressing steel within concrete is one of the

FDOT Research prime causes of failure of concrete siructures. In addition to being exposed o

Volume 1 - Structures Design Guidelines

Volume 2 - Structures Detailing Manual

Technology Transfer (T2) 4 wealher, Concrete transportation structures in Flonida are also commonly located in
Contact l aggressive environments such as marine locatiens and inland water crossings where
Overview the water is aciklic. Cracks in concrete create: paths for the agents of the aggressive

1o reach the steel and begin the
The of carhon-steel (RCIPC) concrele and § COT0SIVE 01G2H0N BroCESs. AN MNOVINE pproach 1o Combat tis major Ssue 5 10

Volume 4 - Fiber Reinforced Polymer Guidelines

steel to is one of the prime causes for increasing maintenance costs and structy Tepiace tradifonalstee! bar and strand renforcement wih Fiber Reinforced Polyme
deficient structures. In addition to being exposed to weather effects, fransportafi (FRP) reforcing 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
structures in Florida are also commenly located in aggressive environments sug made from various types of fioers such as glass (GFRP), basalt (BFRF) of caroon

chloride ion-rich coastal locafions and inland water crossings with low pH (acidi¢ CFRP). A surface treatment is fypical ded that faciltat: bond belween i
sulfate content (SO4). Structural steel is not permitted for use in the splash-zong Eemorcjmg :l:natiz ;ﬁu;e. s typically provided thl factates a bon cenine

defined by the FDOT Structures Manual, and RC/PC structures with the splash
typically required to ulilize corrosion-resistant materials. Another innovative 8PP gen=feial characteristics of FRP reinforcing incluge:

combat this major issue is to utiize Fiber Reinforced Polymer (FRP) structures, |~ |t nigniy resistant 1o chioride on and chemicl attack

and/or compenents. FRP members are made from flaments or fibers bound in8 . jis ensile strength s greater than that of steel yet it weighs only one quarter as
polymeric resin matrix. FRP members of current interest are be made from van@ e )

organic fibers such as glass (GFRP), basalt (BFRP) or carbon (CFRP). A surfac___ s s ¥ o

is often provided for exposed elements to provide UV protection, or alternatively surface
treatment (aggregate coating, deformations, or greoving) may be required at an interface
1o improve shear transfer to composite concrete surfaces.

Frequently Asked Questions
2018 Revision History
Archived Structures Manuals
Additional Links
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Materials Acceptance and Certification System

elect Report to View

Production Facility

Aggregate Production Facility Listing
All Producers (Excel)
Approved Aggregate Products For Friction Course

Lists all Aggregate Production Facilities

Lists all non-expired Production Facilities in an Excel file
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
Asphalt Recycled Products
Asphalt Targets

Cementitious Materials Production Facility Listing

Lists all Asphalt Production Facilities

Approved Asphalt Recycled Products Report by Plant
Alisting of the asphalt gradation and gravity (Gsb) data for #
Lists Cementitious Materials Production Facilities

Coatings Production Facility Listing

Fiber Reinforced Polymer Production Facility Listing

Lists all Coatings Production Facilities

-
Lists all Fiber Reinforced Polymer Production Facilities | \\
SR

https://www.fdot.gov/structures/innovation/
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Future FRP Bridge Strengthening & Rehabilitation

Environmental Reduction Factors for Ext. Bonded CFRP
FRP rebar NSM (Carbon, Glass, Basalt)
Precured laminates - when to use?

Other Strengthening Solutions will UHPC become more
important for some application

FDOT Structures Manual Guidance: Implementing AASHTO 2" Edition and Procurement Process



SAFETY IS

EVERYONE’S
RESPONSIBILITY

TARGET @
@usﬁ“‘nm INJURY IS Upy 4 Ceep FATALITIES & SERIOUS INJURIES
L7

Questions ?

. Contact Information:
Safe Road Sa_h‘lees ‘E‘
- :  Steven Nolan, P.E.
PPPPPPPP . State Structures Design Office
5 Florida Department of Transportation
£ Email:  steven.nolan@dot.state.fl.us

Website: https://www.fdot.qov/design/Innovation/

R ]
Es“’onsmluw 15 SHARE
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