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Motivation

e Cost-effective
method of bridge
construction

Prestressed

Concrete

Durabillity Issues

e Poor grouting
practice

e Poor material
performance

\_

e Structural
implications

e Reevaluation of
current design
specifications

Flexible Fillers




Post-tensioning Components

prestressing Grout Flexible Filler

steel

Wax/Grease

Internal Tendons designed as bonded.

External Tendons designed as unbonded. All tendons unbonded.

duct filler material
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Issues with grout
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Infernal and External Tendons

Drop-in Girders
Internal Tendons
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Segmental Box Girders
| Tendons




Research Status - Final Report Complete

Literature review
Filler injection

Structural testing
Flexural strength
Fatigue at deviator and anchorage

Wire break detection
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Tasks Completed

Filler injection
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Developed Injection Procedures
Vacuum assist recommended *

No venting

Verified process

outlet X_X
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ASBI Flexible Filler Certification
Offered 3 years, including field demo
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Tasks Completed

Flexural strength
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Structural Testing

Drop-in Girders
Internal Tendons

(3) Internal Tendon Specimens

Segmental Box Girders
External Tendons
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Test Specimens

(12) 0.6-in. dia.
270 ksi prestressing strands

AASHTO IV side forms with
AASHTO V bottom form

-~ 107

at mid-span

(3) 0.6-in. dia. bonded
270 ksi prestressing strands

28"
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Flexural Testing

5 54-point load (IWC) B s s
+ : + load

surface + 3-point load (IGS and IWS)

+ & actuator

Strain oad cell anchorage
anchorage oad ce load button
gages Nu '/ /tendon ¢ receiver
— N load cell : neoprene — ﬂ
: : ~__neoprene
4 39 -0 > 54 Stlffened steel W 39;_0» »
not to scale | not to scale
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Design Specifications: AASHTO-LRFD 2017

* Bonded Tendons

* For rectangular or flanged sections subjected to flexure about one axis where the approximate stress
distribution specified in Article 5.6.2.2 is used and for which f,. is not less than 0.5 f,, the average stress in
prestressing steel, f_, may be taken as:

i)

pu’

ps’

* Unbonded Tendons

Arficle 5.6.3.1.2

* For rectangular or flanged sections subjected to flexure about one axis and for biaxial flexure with axial load
as specified in Article 5.6.4.5, where the approximate stress distribution specified in Article 5.6.2.2 is used, the
average stress in unbonded prestressing steel may be taken as:

dp—c
fps=fpe+9oo( z )

* Mixed Reinforcement Conditions

* 5.6.3.1.3A — Detailed Analysis
* 5.6.3.1.3B — Simplified Analysis
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Comparison with AASHTO-LRFD

Using LRFD 5.7.3.1.3b simplified analysis for elements with bonded and
unbonded tendons
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Research Status

Fatigue at deviator and anchorage
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External Tendons — Deviation Points

Tobiaphragm To Mid-Spgn

Diabolo Void
Diabolo Void PE duct (typ.)

Diabolos — 1

aet

Effects of fatigue

Bottom flange
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Reduced Beam Testing
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Post-cycling evaluation

Visual inspection of HDPE sections in diabolo
Visual inspection of prestressing strand at wedges

Ultimate tension tests of individual prestressing strands with diabolo in
gage length
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Wedge “bite” marks

Anchorage

. 1.60" -
028" 1.07" 025"

MX(G)-MAGROZVI : Normal : x40
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Tension Tests

6!_0”

1 !_(‘)‘_—!; 4!_0!! 1 !_6”

5’_6”

!

A
!
A
!

A
!

diabolo

Source: instron.com

THE OHIO STATE UNIVERSITY
COLLEGE OF ENGINEERING

—

~ 6-0” strand region used for
tensile tests
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Tension Tests

120%

Z%GUTS

Source: instron.com
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Channel 5§ segmental bridge
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difference at deviator
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Qutcomes and Implementation

Injection procedures

Developed heat transter model for use in evaluating maximum length
of tendon to inject

Developed and delivered flexible filler training for engineers,
contractors, and owners

Evaluated AASHTO LRFD provisions for flexural design
Evaluated fatigue resistance
Evaluated diabolo geometry

Developed prestressing strand breakage detection algorithm
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Fleld Implementation

THE OHIO STATE UNIVERSITY
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FINLEY

Engineering Group

Wekiva Parkway — Section 6

Cast-in-place segmental

Flexible filler used for external
tendons and intfernal bottom
continuity tendons
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Fleld Implementation

Wekiva Parkway — Section 6
Cast-in-place segmental

Flexible filler used for
external fendons and
infernal bottom confinuity
tendons

2 e T e

FINLEY
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Fleld Implementation

First continuity tendons
injected

(3) 650 gallon intfernally-
heated tanks

Monitored flow and gty
injected.

field

Vacuum-assist learning V/“

curve FINLEY
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Current Research - Flexural Capacity of Concrete
Elements with Unbonded/Bonded Prestressing
* Develop design guidelines and analysis procedures for bridge members

with unbonded tendons with particular focus on a combination of
unbonded tendons and bonded prestress and/or mild reinforcement.

AASHTO LRFD

Bridge Design
SpeCiﬁcations An ACI Standard and Report
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Phases of Project (BDV31-977-93)

Development of analyfical modeling procedures

Preliminary analytical study

‘Experimen’rcl testing

‘In’regraﬂon of experimental and analyfical data

‘Developmen’r of design and analysis guidelines
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Duct

Test Design

Minute Displacement

Modeled fatigue test after
ETAG-013 /;\

Minimum stress range of 11.6 ksi STEP 1: Test setup
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