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Fundamental Questions

e Can Partial Depth Precast Concrete Deck Panels
(PCPs) be used on horizontally curved bridges?

* Can the PCPs be relied up for bracing?
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Background Steel Girder Bracing

External |

K-Frame

Curved I-Girder Bridge Curve Tub Girder Bridge
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Background — Steel Girder Bracing

Shear
Stud51 Formwork—l rWet Concrete

Cross-Frame —T

Shear
Studs

Formwork—l rWet Concrete

Top
Lateral
Bracing

Can We Use Formwork as Shear Diaphragm Bracing?

Curved I-Girder Bridge

Curved Tub Girder Bridge
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Background — |-Girder Torsion

e Saint-Venant Stiffness vs Warping Stiffness

Top Flange X! Top Flange

Torsion Torsion
777

Bottom Flange Bottom Flange

Warping Permitted Warping Restrained




Background — Tub Girder Torsion

* Open Section Stiffness vs Closed Section Stiffness

Open Section Closed Section
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Background — Tub Girder Torsion

* Open Section Stiffness vs Closed Section Stiffness
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Background — Steel Girder Bracing

* Simply Supported Girder System w/ Shear Diaphragm Bracing

Top Flange Shear Diaphragm

Plan View




Background — Steel Girder Bracing

* Simply Supported Girder System w/ Shear Diaphragm Bracing

No Warping

/Large Warping

/Plan Vie
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Project Goals



@ The University of Texas at Austin

Project Goals

Extend PCPs to Curved Systems
- Steel |-girder & steel tub girder systems

Evaluate Bracing Potential for PCPs During Construction

- Provide adequate stiffness & strength
- Develop Connection Details from PCPs to Steel Girders

* Requirements of Connection Details from PCPs to Steel

Girders:
- Accommodate difference in girder elevation
- Avoid complicating the precasting & construction process

e UT Bridge Update (Totally new program)
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Current PCP Connection Detall
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Proposed PCP Connection Detall

Shear Stud
l_ Cast-in-Place Deck
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Proposed PCP Connection Detall

Embed

Fillet Weld

<— Embed

Nelson Deformed 3/8” Prestressing —T T— D7.5 WWR
Bar Anchors (D2L) Strands @ 6” o.c. @ 4” o.c.



Shear Frame Study



Shear Frame Tests

e Load Test Full Scale PCP

& Connection System

* Determine Systems

Hydraulic

_ ANAtiiAatAr

Stiffness & Strength

e Observe Behavior and
Failure Mechanism
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Eight Shear Frame Tests

Bedding Strip
A.l | Min=%"
B.1 | Min=%"
C.2 | Min=W»"

Anchors per Corner
(6) 1/2" @ x 2'-0" Long
(6) 5/8" @ x 2'-6" Long
(10) 1/2" @ x 2'-0" Long

Embed Size | WTs per Corner

2llX1/2ll
2IIX5/8H
2IIX5/8H

D.2 | Min=%" (8)5/8" @ x2'-6" Long |

2"x3/4"

(1) WT8x28.5
(1) WT8x28.5

(2) WT8x28.5
(2) WT8x28.5

Min Bedding Strip = 72" Max Bedding Strip = 4"
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Faillure Mechanism



Stiffness of PCP/Connection System
Extensive FEA modelling carried out
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awoss fresons-
K, k,
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Bpcp= PCP Stiffness
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Twin |-Girder Study



Twin |-Girder Setup — Simply Supported

Torsional
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Twm |- Glrder Setup — Photographs
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Gravity Load Simulator — Twin I-Girder
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Gravity Load Simulator — Twin I-Girder

P/2 P/2
P/2 P/2
2 k2
1N M=p-E/2 TN M=p-E/2

Bending + Torsion

E=0" SR=oo
E=6" > R=1200ft
E=12" - R =600 ft
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Twm |- Glrder — West VS East Rotatlon

3.7 Degrees of 5.4 Degrees of
Girder Rotation Girder Rotation




Twin |-Girder — West vs East Rotation

N\
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Twin |I-Girder — Finite Element Model

 Abaqus 6.14

e S8R5 Shells

* Course & Fine Mesh

* 1.6 Max Aspect Ratio

* T3D2 Truss - PCPs

* Connection A.1.MAX

 Modified Boundary
Conditions

Cross-Frames
Representing PCPs
(kiruss = 316 kip/in)
(A s = 1.42in?)

Loading

" Eccentric

Midspan
Cross-Frame

Loading
Brackets




Tub Girder Study
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Tub Girder Setup — Simply Supported
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Tub Girders — Fabricated by Hirschfeld
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Experimental Study — Elastic Buckling Tests
Improved Tub Girder Detalls Study

e ———— ——— ] R
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Tub Girder — Finite Element Model

 Abaqus 6.14

e S8R5 Shells

* Course & Fine Mesh

* 2.1 Max Aspect Ratio
* T3D2 Truss - PCPs

* Connection A.1.MAX

 Modified Boundary
Conditions

Cross-Frames
Representing PCPs
(Kiruss = 318 kip/in)

(Ayyee = 1.10in2)

K-Frame

\\ .

Loading
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Tub Girder — Finite Element Model

 Abaqus 6.14

e S8R5 Shells

* Course & Fine Mesh

* 2.1 Max Aspect Ratio
e S8R5 Shells - WTs

* Connection A.1.MAX

 Modified Boundary
Conditions

WT 5x22.5 —
Diagonals

K-Frame

Strut

NN

Loading
Beam
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Parametric FEA Study
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|-Girder Parametric FEA

'O'Oort Cross-Frame I-Girder PCPs Connected S\Wp

Mid to Top Flange
% Support S’wz

SN2
Cd )

X XX X
) XXX \
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|-Girder Parametric FEA

Parameters

e Radius of Curvature: 1800, 1200, & 600’
* |-Girder Sections: D4, D6, & D8 <22

* PCP Location: 2 @ End of Span 28
* X-Frame Spacing: 20’ & 40’ 157 T

H ’ ”
* Unequal Span: L/D =20 & 30 T o 8'-0

e Equal Span: L/D =30 4-0”
* Load Steps: 5

D4 D6 D8
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Strut K-Frame

Tub Girder Parametric FEA
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Tub Girder Parametric FEA

Parameters

k—— 127-0" —|

e Radius of Curvature: 1800, 1200, & 600’
Tub Girder Sections: T4, T6, & T8 _\4 /
PCP Location: 25% @ End of Span
e Equal Span: L/D = 32
k— 9"-0”

1

l 6-0” — T
T'Y ] 607 \A
4[_0” 4
y T4 l T6

Load Steps: 5
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Conclusion - Steel Girder Parametric Study

* PCPs Connected to Curved I-Girders
- PCPs did not significantly reduce forces of all cross-frames
- PCPs did not significantly reduce twist of system (system was still an open
girder and bottom flange kicks out)
- PCPs will not allow significant increases for cross-frame spacing
- Therefore — PCPs not recommended for bracing in long-span I-girders
(shorter spans —rolled beam bridges may work well).

* PCPs Connected to Curved Tub Girders
- Lifting and construction sequence issues
- Partial top flange bracing only for mildly curved systems
~ Improved Tub Girder Details Project — Should result in reduced bracing
- Therefore — PCPs not recommended for bracing in steel tub girders




Unconnected PCP Study
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Current TxDOT PCP Connection Detalil

— Panel
Roadway Slope 4 (Typ)
- *lsg Wlg 2
) = =
—
Bedding strip /
See Table of o - Place bedding
Bedding Strip 17 strip at flange
Dimensions —— g Min edge as shown

NORMAL GRADING DETAIL (1)

Showi -Girders.
(Other Beam Types Similar

TABLE OF
BEDDING STRIP
DIMENSIONS

HEIGHT( 2
WIDTH N
Min Max
1" (Min) | %" e
1 Uy iz 2 %
1% Z3 3"
13" iz 3 b

2" (Max)

GENERAL NOTES:

Use of Prestressed Concrete Panels is not permitted
for horizontally curved steel plate or tub girders.

4“




Unconnected PCPs on Curved I-Girders
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Unconnected PCPs on Curved I-Girders

Steel Load
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Unconnected PCPs on Curved I-Girders
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—
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_—
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Unconnected PCPs on Curved I-Girders

S+ A >
ALAT_MAx = 0.54"
A - 1
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Tipping of PCPs on Curved Girders

Simulated
Girder Flange _l

Concrete Deck I Dro

PCP

I Girder Drop

pATEE

I

— A, = 0.75"
\r Blocking

Strong Floor

Bolt Flange
Plate to?

Channel®




%‘ The University of Texas at Austin

Tipping of PCPs on Curved Girders

Simulated
i [ Drop Angle
Girder Flange _l Simulated load from CIp Concrete Deck

PCP —>||<— A s =0.75"
I Girder Drop

N Blocklng

Strong Floor

\e '
Drop Ang_j Llft Frame
AT e with Crane

N

._ Measure Height
Point
\ Frame Angle after PCP Falls
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Tlpplng of PCPS on Curved Glrders

x12” Plate  C10x30-

— R em—_ w——T

Removable
1” Plates
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Tlpplng of PCPs on Curved Glrders

Beddlng Strip = 2”x2” | u, ', ,.fanl‘:h'.d*;:;?_ “"Q;’
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Tlpplng of PCPS on Curved Glrders
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Tlpplng of PCPS on Curved Glrders

s

PCP Angle 24 6°
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Tipping of PCPS on Curved Glrders
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Tlpplng of PCPs on Curved Glrders
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Tipping of PCPs on Curved Girders

Maximum PCP Inclination Angle (deg) for Design (FS = 3.0)
Bedding Strip Height
Width ‘yzll %ll 1" 1 %ll 1 ‘yzll 1 %ll 2Il 2 %ll 2 'yzll 2 %Il 3II 3 %ll 3 'yzll 3 %ll 4"
1" A 94 | 94 |94*| 71| 47 | 2.4 0* - - - - - - - -

1%" 96 |1 96 | 96 | 96 | 80| 65| 49| 34| 1.9 - - - - - -
17%" 971 97| 97| 97 97| 87| 7.7 | 67 | 57 | 47 | 3.7* - - - -
1%" 10.0({ 10.0 | 10.0 | 10.0 | 10.0| 100 9.1 | 83 | 75| 6.6 | 5.8 | 50 | 4.2 - -

2" w10.2 | 10.2 | 10.2 | 10.2 | 10.2 | 10.210.2*| 95 | 88 | 81 | 74 | 6.7 | 6.0 | 53 | 4.6*
*Minimum values from labortory test with drop angle =0° and 2.5° & A ,7 =0.75" divided by FS =3.0




Yoy = 2.0°
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Warping of Curved |-Girders

1I)X1”

1.5”x1.5”

2”X2”




Warping of Curved |-Girders

Maximum Warping Angle (deg) for Bedding Strip Size for Design (FS = 3.0)
Bedding Strip Height

Width ‘yzll %ll 1" 1 %II 1 %Il 1 %ll 2I| 2 %Il 2 %ll 2 %Il 3" 3 %ll 3 %II 3 %II 4"

1" A1.33 1.33 |1.33*| 1.07 | 0.80 | 0.53 | 0.27*| - - - - - - - -

1%" 1.331133]133|133]115]|096|0.77]|059]040]| - - - - - -
1%" 1.33|1.33]|1.33|1.33(1.33*| 1.20| 1.07 | 0.93 | 0.80 | 0.67 |0.53*| - - - -
1%" 1331133133133 ]133|133]126|118]|110]1.03|095]|0.88]|080]| - -

2" w133(133(133|133]|133|133|1.33*| 130|127 (123|120 117|113 | 1.10 |1.07*
*Minimum values from labortory test divided by FS=3.0




Unconnected PCPs on Curved Tub Girders

Interior
Girder

Exterior

Girder O1ys_wax = 093"

Bpp = 0.26°




Unconnected PCPs on Curved Tub Girders

Interior
Girder

Exterior Biar_wax = 0-43"

Girder
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Version 2.3 (or 3.0)

New 64-bit version
should raise
problem size from
about 170,000 DOF
to 750,000 DOF.




UT Bridge Version 2.0 Release in January 2017

Version 1.0 — Jason Stith, Brian Petruzzi, and Jun Kim (2009)
Version 2.0 — Paul Biju-Duval (2017)

Co-Pls: Eric Williamson, Mike Engelhardt, Karl Frank, and Tricia Clayton

UT Bridge

Version 2.0

UT Austin. 2016




Specify “Features” of the Analysis




Pop-up Panels Prompt User for
Basic Model Geometry




Cross Frame Properties and Spacing

Owarall ruimber of sdrames: 22
Aecourt fof cornecion aooertacly

\ X-Type, K-Type, Lean On




* Once the model is fully
defined, the program can
be used as a tool to
evaluate various erection
stages.

* The need for temporary
supports such as shore
towers or holding cranes
can be easily evaluated.
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Erection sequence:




Deck placement sequence:




Version 2.3 (or 3.0)

New 64-bit version
should raise
problem size from
about 170,000 DOF
to 750,000 DOF.

Improved Solver
Optimization —
Much faster on
large-displacement
solutions

Paul Bi'!u-DuvaI IS considering commercializing the software




%‘ The University of Texas at Austin

Conclusions
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Conclusions — Experimental Study

* Developed Connection Details from PCPs to Steel Girders
- Measured stiffness & strength

* |nvestigated PCPs as U-Beam Bracing Elements
- Measured stiffness & strength

PCPs Connected to Girder Systems
- Increase load carrying capacity
- Reduce girder deformations & cross-frame forces

* Unconnected PCPs on Curved Girders
- Measured tipping of PCPs on bedding strips

- Measured I-girder warping w/ PCPs on bedding strips
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Conclusions — Parametric Study

e PCPs Connected to Curved I-Girders

- PCPs do not significantly reduce forces of all cross-frames
- PCPs will not allow significant increases for cross-frame spacing

e PCPs Connected to Curved Tub Girders

- Lifting and construction sequence issues
- Potential capacity issues for design

* Unconnected PCPs are Stable on Curved Systems
- PCPs performed well for very significant deformations

- Limitations for size of bedding strips (recommended minimum
bedding strip width is 2” for curved girder applications.)
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Comments on Future Bridge Research

« Research is the driving force behind the success of every
University.

« 20 years ago — there were as many as 8-10 bridge related
projects per year. The past few years there have been 1-2
bridge related projects.

« Historically, Texas has led the country in innovative bridge
systems and the research program plays a big role in this.

* Beyond the technological advances — the educational
aspects of research have played a huge role in developing
the design expertise in the state.
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Comments on Future Bridge Research

« Successful problem statements generally require a TxDOT
Champion at the ROC meeting (and to get out of the FAP
meetings).

« Not having bridge related projects saves exactly $0. The
research money is always spent.

* |In my opinion, the entire research program should be related to
steel bridge research ©.

« If 5 projects per year are desired, 10-15 statements should
make their way to the ROC.
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Questions?
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