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2. Approach and Relevance

»Harmonize with national (ACl, ASTM and AASHTO-BDS) and
international (CSA) specifications. Outcomes: ease material
certification, enlarge market and ease design/deployment

»Update existing provisions of 15t Ed. to reflect better materials
and manufacturing. Outcome: make design more efficient and
economical

» Expand previous edition to include all elements of a bridge.

Outcome: allow the design of a bridge entirely reinforced with
GFRP
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3. Deliverable

» From 15t Ed. on decks and railings to complete Bridge Design
Specifications (GFRP-BDS)

» Submitted (01/16/2018) to AASHTO Committee T6 for ballot

AASHTO LRFD 2018
BRIDGE DESIGN GUIDE SPECIFICATIONS
NOVEMBER FOR GFRP REINFORCED CONCRETE - 2NP
2003 EDITION

AASHTO LRFD Bridge
Design Guide Specifications

for GFRP-Reinforced Concrete TABLE OF CONTENTS
Bridge Decks and Traffic Railings

Section 1 INTRODUCTION

11 SCOPE 9
12 DEFINITIONE 2
13 LIMITATIONS 10
14  DESIGN PHILOSOPHY. 10
15  REFERENCES 10

Section 2 CONCRETE STRUCTURES 13
11 SCOPE

241  Generl
242  GFRP Reinforcing Bars
2421  Tensila Strength and Strain

2422 Modulus of Elasticity
15  LIMIT STATES AND DESIG METHODOLOGIES
31  General
1511 Limit-State Applicability
2512  Desizn Methodologies
15121 General
151212 B-Regions
15123 D-Regi
232 Service Limit State
233  Creep Ruphire Limit State
2354  Fatizue Limit State
253 Strenzth Limit State
1531  (enaral
25532 Res Factors
2353 Stability
236  Extreme Event Limit Stata.

16  DESIGN FOR FLEXNUFAL AND AXIAT FORCE EFFECTS — B REGIONS
261 Assumptions for Sarvice, and Fatigus and Creap Fupture Limit States
262 Assumptions for Strength and Extreme Event Limit States

2621 (General
1622 R lar Strass Distribution
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2"d Ed. Table of Content (comparison)

Chapter/Section - AASEI-:IT?-og ACl 440-15 | CSA-14

2. Concrete Structures

* Flexural elements X X X X
* Compression elements X
e Shear X X X X
* Torsion X
3. Decks X X X
4. Substructures X
5. Railings X X X
6. Material & Construction X X X X
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Design Parameters

AASHTO AASHTO ACI 44o0.

18 .09 15tEd. 1R-15 CSA14

ffu* 99.73 99.73 99.73 95.0 Percentile grntd. strength
O 0.75 0.65 0.65 0.75 Res. Fact. concr. failure
O 0.55 0.55 0.55 0.55 Res. Fact. FRP. failure
O 0.75 0.75 0.75 0.75 Res. Fact. shear failure
C: 0.70 0.70 0.70 1.0 Env. knock-down
C. 0.25 0.20 0.20 0.25 Creep knock-down
Cf 0.25 0.20 0.20 0.25 Fatigue knock-down
k, 1.2 1.4 1.4 1.0  Bond coeff.
w 0.028 0.020 0.028 0.020 Crack width

Ce stirrups [iN-] 1.5 1.5 2.0" 1.5  Clear cover

C. primary [in-] 2.0 2.0 2.5" 1.5  Clear cover

Ce stap [IN-] 1.0 0.75 2.0" 1.5  Clear cover

* ACl 440.5-08 Table 3.1
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4. Harmonize:

» Material specification as per ASTM D7957-17. Only
vinyl ester/epoxy glass FRP round bars allowed

»Design of GFRP-RC bridge elements follows
structure of AASHTO BDS-17 (8t"). Same language
used and integration

= Chapter 2 “GFRP-RC Structures” in 2" Ed. mimics AASHTO

AASHTO LRFD
Bridge Design
Specifications
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Harmonize;

> Inputs from existing guidelines/codes:

= ACl 440.1R-15 “Guide for the Design and Construction of Structural
Concrete Reinforced with Fiber Reinforced Polymer Bars”

= CSA S6-14 Section 16“Canadian Highway Bridge Design Code:
Fibre-Reinforced Structures”

» Coordination with next-edition codes (where possible):
= ACl 440-19 “Building Code Requirements for Structural Concrete

Reinforced with Glass Fiber Reinforced Polymer Bars” ( )
= CSA S6-19 Section 16‘“/Canadian Highway Bridge Design Code: Fibre
Reinforced Structures” ( )

aci®
> 4

2018 FDOT FRP-RC Winter Workshop




Table of Contents

1. Task Force
2. Approach & Relevance

3. Deliverable
* Comparison with other guides

4. Harmonization
* ASTM & AASHTO-BDS
* ACI & CSA

5. Examples of outcomes
* Updates
* Expansions

2018 FDOT FRP-RC Winter Workshop




: Creep Rupture & Fatigue (

» Rationally defined creep rupture and fatigue load demands

» Only a portion of the Service | live component considered sustained

load for creep rupture calculations

» Service | dead load added to fatigue load for cyclic fatigue calculations.
Accounts for static/cyclic fatigue coupling

Creep: DL+LL | eeeee Fatigue
Fatigue: DL + LL + 1.5 FL — Creep
16 === Strength
14 -

R
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1 X | T,
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2 T T T T .
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. Flexural Parameters ( )

» Updates reflect performances of ASTM-certified materials
» @ factor aligned to AASHTO value (0.65 to 0.75)

» Creep and fatigue C_and C; factors separated and aligned with CSA
(0.20 to 0.25)

» Crack width limit relaxed (0.020 to 0.028 in.) and aligned with ACl

AASHTO GFRP 2009 =~ Crack Width AASHTO GFRP 2018 —— Crack Width
..... Fatlgue 16 B -...-Fatigue
16 -
== Creep = (reep
14 - -~ - Strength 14 - ~ ~~ Strength
12 Heese, 12 -
.:.E o T T £ 10 -
8 i —— — _— B § 8 i
< ——— =
61 e —
T 4 qereen NI e
2 T T T I 1 2 -——I-_-—I——-I_-_I_:-...:;I
0.7 0.75 0.8 0.85 0.9 0.95 07 0.75 0.8 0.85 09 0.95
Environmental Reduction Factor (Cy) Environmental Reduction Factor (Cp)

2018 FDOT FRP-RC Winter Workshop Adapted from Rossini et al. (2017)



: Compression, Shear and Torsion

» Include compression and torsion for GFRP-RC

» Design procedures aligned to BDS-17 (8t") new chapter 5. Variations
limited to material properties and related parameters

» Include all superstructure and substructure elements

» Harmonized with ACI 440-19 Building Code under development

o
d Hydraulic actuator

Il

steel spreader beam

]
!
=

steel arm

from Deifalla et al. (2013),
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: GFRP-RC

» Reference Project: SR 388 over Burnt Mill Creek Bridge

» Steel-RC 13 #10 | | |
’ R |
[ |
» GFRP-RC-09 26 #10 (+100%) not covered in 15t Ed. i i
o I jeesesssanmnind
> GFRP-RC-18  19#10 (+ 45%) [ vt i
i i
Strain [%] '
0.5% 0.0% -0.5% 1.0% | ;_ 3 _ll I
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: GFRP-RC

» Reference Project: Halls River Bridge Replacement

» Steel-RC 6 #8 ( P N
» GFRP-RC-09 16 #8 (+166%) not covered in 15t Ed. |
> GFRP-RC-18 9 #8 (+50%)
Strain [%]
0.5% 0.0% -0.5% “1.0% \“cn-umn-‘\ﬂ—n--n_aﬂ?_n_nl-u-?#—
q

-----------------

Service 1
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: GFRP-RC

» Reference Project: Halls River Bridge Replacement
» Steel-RC 12 #8

» GFRP-RC-09 32 #8 (+166%) not covered in 15t Ed.
> GFRP-RC-18 18 #8 (+50%)

L Shear Connector
- (551-5523 Bars)
—-~ N\ See Note @

\

|
|

Varies
Folyiso Foam |-
[~

)
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-
|
strain [70] AR
0.5% 0.0% -0.5% -1.0% r 2-0" Polyiso Foam Core
|
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: GFRP-RC

» Reference Project: iDock with Seacrete™

» Steel-RC 8 #6

» GFRP-RC-09 NA not covered in 15t Ed.
> GFRP-RC-18  8#8  (+77%)

12”

Al

— == (16) 0.5" dia., CFRP
EE QP e @ @ (16) 0.6" dia., CFRP
— = i n (8) No. 8 - 1" dia., GFRP Non-Prestressed
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: Elastic Modulus

» Elastic modulus is a game-changer
» Increment cannot come from sectional area enlargement
» Compliance with ASTM D7957-17 and possible revision

» Improve quality of constituents and manufacturing process

AASHTO GFRP 2009 |~ Crackwidth AASHTO GFRP 2018 — Crack width
""" Fatigue | oooec Fatigue |
16 - — Creep 16 - - Creep
14 - = Minimum 14 Minimum
12 4. - == Strength 12 - - = = Strength
T 10 = 10 -
e 8 — ='-_-='__' e — 8 ]
s ° I s — =,
‘ 6 a - w 6 P ammmmm s o
 — e —— e e e T r——
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2 7 - — ——_—_—a
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6.5 7.0 7.5 8.0 8.5 6.5 7.0 7.5 8.0 8.5
Elastic Modulus (E)) [msi] Elastic Modulus (E)) [msi]
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Conclusions

» New generation of FRP spec

» Less reinforcement required
» Fully integrated with BDS

e

» Covers all RC elements in a bridge ;;_ - ¢
E Y
Dreaming is ni ' 3 -
reaming is nice, but... y —of b
M-S il Y
We need adoption O
to make it real!!! - ol O3
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AASHTO CBS-T-6 update AASATS

* Active/Working Agenda Items

* AASHTO Specifications for GFRP-RC
Bridges, 2"d Ed.

* Planned 2018 Ballot Item

* AASHTO Specifications for CFRP
Prestressing, 1t Ed.

* NCHRP 12-97 final report should be released
soon

* Tentative 2018?

2018 FDOT FRP-RC Winter Workshop




AASHTO CBS'T'6 update AASHID

* Ballot [tems Timeline — 2018
.| |Duration| Deadline

Draft Ballot Items Submitted by Technical TC Chairs February
Committees (To Portal) 16

M&M Post Revised Draft Ballot Items for
Comment

M&M 4 weeks  March 16

Comments from Members and Revisions from Members )
4 weeks  April 13

M&M Returned to Technical Committee chairs

Technical committee Post Final Ballots TC Chairs 5 weeks May 18
Ballot Book Posted 3 weeks June 8

Annual Meeting 2 weeks  June 25
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AASHTO CBS-T-6 update ARSHIE

* Future Work
* Update the AASHTO Specification for FRP Repair and
Strengthening

* Design concerns/discrepancies

* Addressing prestressed concrete

¢ AddreSS NSM Repalr GUIDE SPECIFICATIONS FOR

o i Design of Bonded FRP
Enhance design examples E?'sgg"':s fon Ripair

and Strengthening of
Concrete Bridge Elements

First Edition 2012
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AASHTO CBS'T'6 update AASHID

* Future Work/Research (cont’d)...

* FRP mild reinforcement for prestressed applications

* Shear and end-region reinforcement to compliment to the CFRP
prestressing guide specification

* T-6 Strategic Plan

* Assist both T-6, industry, and academia in providing the
direction for FRP composites implementation and
development
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AASHTO CBS-T-6 update AASAIS

2018 Committee on Bridges
and Structures

Annual Meeting
June 25-28

Burlington, VT

T-6 Meeting (tentative)

June 26 (8:00-12:00)
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