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ABSTRACT

The first generation of precasbncretedeck system, NUDECK, developed by the University of
Nebraskalincoln (UNL) for Nebraska Department of Roa@$DOR), was implemented on the
Skyline Bridge Omaha, NEn 2004. The project was highly successdnd received two PCI
Awards of Excellence. The second generatiomprecast concrete deck syst&JDECK was
developed to further simplifyprecastpanel/girderproduction,speed up bridge superstructure
construction and improve deck durabilityrhe secod generatiorof NUDECK consists of ful
width full-depth precast concrete deck panels that are 12 ft long to minimize the nurdeek of
panels andransverse jointsand consequently accelerat@geconstructionlt also uses covered
individual pocketsand bundledshear connectorat 4 ft spacing to simplify panel and girder
production and eliminate the need for deck overRrgcast deck panels are fe@sioned in
transverse direction and pdsnsioned in the longitudinal to enhance deck duraltitgchieve
the same service life of other bridge components.

This report presents the first implementation of the second generation of NUDECK system to the
Kearney East Bypass project in Kearney, NE. The project consist of twin bridges: the south bound
bridge constructed using conventional dasplace deck; and the north bound bridge constructed
using the " generation NUDECK system. Each bridge is a-8pan continuous bridge that is 41

ft 8 in. wide and 332 ft long. Each span is 166 ft long andistnef five precast/prestressed
concretegirders (NU1800) at 8 ft 6 in. spacind@his report presents the analysis, design, and
detailing of the bridge superstructure. It also summarizes the experimental investigations

conducted to evaluate the proposedign and construction detalils.



1 INTRODUCTION

1.1 Background

Full-depthprecast concretdeck systemsdveseveral advantages, such as improved construction
quality, reduced construction time and impact on traveling public, possible weight reduction, and
reduction of total projedtfe-cycle cost. The quality of precast deck systems is superior tc field
cast concrete bridge decks because production occurs in a controlled plant environment. The
variability of construction due to environmental conditionglisminated inthe plant that uses
consistent casting operations and curing techniddeseover, here is a major weaknessazst

in-place (CIP)decks for which a solution has not been found. When concrete is placed over
relatively stiff girders, it beanes part of the girder/deck composite system as soon as it begins to
harde® several hours after placement. At that time, its tensile capacity is small. Shrinkage in the
first few hours after setting and the temperature drop as the heat of cement hylisatfates

causes a reduction in concrete volume that cannot be accommodated by the restraint of the
supporting girders. This often results in cracking, especially in the transverse direction, that
continues to develop with the concrete shrinkage, moshath occurs in the first 60 days of the
concrete age. Shrinkage and cracking are eliminated by using precast deck panels

The size of precasbncretedeckpanelss smallerthan the full bridge deckhereby reducing the

mix, placing, and finishing vability that exists in the field. Also, because panelsare small,

curing is easily controlled and applied immediately to achieve the best material performance
characteristics. High performance concrete (HPC) is recommended for all bridge decks, due t
carrying repeated load cycles in severe environmental conditions. Plant casting provides greater
assurance that the performance characteristics of HPC will be achieved. For example, plant
produced 8,000 psi concrete panels are just as easily produt@d@psi concrete panels, while

a CIP concrete deck is hard to consistently produce at a strength higher than 4,000 or 5,000 psi.
More important than strength in bridge decks, shrinkage and the associated cracking are greatly
controlled. A tweway prestressedconcrete deck is expected to be crérele for the service life of

the bridge, an advantage that is not practical to achiev&®decks. The construction method
becomes more critical as available field labor decreases or labor turnover for conracdcsts.

Precast concrete deck panels can be desgs@aaimposite or noitomposite with the supporting
girders. A norcomposite panel is less complicated and more cost efficient to fabricate.
Elimination of the shear connectors simplifies forming the panel and reduces work during post
tensioning operations. 1) however, requires that relatively large girders be used to carry traffic
loads without aid from the deck as in composite systems. The more common composite system is
structurally superior and overall is much more @f&ctive’.

1.2 Problem Statement

The first generation of precasbncretedeck system, NUDECK, developed jointly by the
University of Nebraskdincoln (UNL) and Nebraska Department of Roa@DOR), was
successfully implemented on the Skyline Brid@enaha, NEn 2004as shown in Figure.1 The
project was highly successful and reesiiwo PCI Awards of Excellenand as it resulted in
very reasonable cost per square foot of the deck pgénels
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Figurel.1:Precast Prestress€dncrete DeclPanelsn Skyline Bridge (3 generation NUDECK)

The F'generation of NUDECK system had several innovatsuth as:

1
il

Panels are made of high performance conciest is pe-compressed in two directions
such that the residual stresin servicearecompression and cracking is avoided.

Most of the creep, simkage, and temperature change due to hydratioklace before

the panel is connected with the rigid underlying beams, eliminatwgjof crackingdue

to the restraining of stiff girders

The continuous gap over beam lines assures simple, cuiglity posttensioning and
eliminates the question about the quality of tendon grouting.

Individual posttensioning of strands allows most contractors, even in areas not familiar
with posttensioning, to do the peggnsioning work with local crews. Theqeasters also
would have the option to include pdsnsioning as part of supplying the panels.

The proposed prestresseahcretedeck panel system covers the entire width of a bridge,
which eliminates the necessity of forming the overhangs.

All materids used in the production of the deck panels arepmoprietary and readily
available. This makes the system cost competitive @ith concrete decks, while it is
much more rapid to build and durable to maintain.

Use of large diameter studs reduces the required number of studs. Thus, economy of
fabricated steel beams is improved and, more importantly, worker safety is enhanced.
Finally, the castn-place overlay allows for adjustments in roadway profile. It presian
excellent riding surface, and large cover for the reinforcement.



A number oflessonswerelearred from the construction of the Skyline Bridgehich were the
motive for making further improvements that led to the development of"thgeRBeration b
NUDECK system®. These lessons include:

1 Threading postensioning strands through the end panelsd between panel
reinforcement, as shown in Figure 1Was atedious andime-consuming operation.
Laying down all postensioning strands on top of &agirder prior to placement of deck
panels would have significantly simplified this operation.

1 Frequent conflicts occurred between the deck reinforcement (strands and bars) and the
shear studs welded to the girder at the open channel locaosisown inFigure 1.2
Larger spacing between shear connectors as well as bundling them would have eliminated
this issue.

1 Overlay required seven days to cure, which is a major disadvantage to rapid construction
and is expensivdn addition to the use of typedemen, which was not locally available,
to minimize overlay shrinkage. Eliminating the need for deck overlay would have resulted
in significant time and cost savings.

1 The use of 8 ft wide panels resulted in large number of panels to fabricate, transport, and
erect, in addition to the large number of transverse jointseasing panel width from 8 ft
to 12 ft would significantly speed up construction and reduce number of transverse joints.

1 The use of nomeinforced vet transverse jointdent plates to form thhaunch, and
individual strand postensioning were vergimple andsuccessfubperations to fabricators
and contractors and should sed.

Figurel.2: Threading postensioning strands (left) and conflicts between deck reinforcement
and sheaconnectors (right)
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1.3 Objective

To develop and implement th&generation of precast concrete deck system (NUDECKhtsat
the followingfeatures

1 Easy to fabricate fulvidth full-depth precast concrete deck panels thal ari¢ longto
minimizethe number ofpanels andastin-place transverse joints.

1 Individual shear connectors at 4 ft spadiagimplify girder production and minimize
conflicts during panel erection.

1 Covered individuashear pocketat 4 ft spacing teliminate the need for deoverlay
and simplify panel production.

1 Lifting inserts are located at the shear pockets to minimize panel penetrations.

Two-way prestressing (tramersepre-tensioning and loritudinal posttensioning) to
control crackingand increase the service life of the deck.

1 Posttensioning strands located underneath the deck to eliminate threading strands
throughdeck reinforcementrembedded ducts, which simplifies the construction.

11



2 PROJECT DESCRIPTION

The 29 generation prest concrete deck system (NUDECK) will be implemented in the
construction of the bridge&aduct shown in Figure 2.1. Thisidgeis a part of Phase Il of a three
phase project known as Kearney Easy Bypass, which is a relocation of Highway 10 in Buffalo
Courty. Figure 2.1 shows the beginning and end of the Phase Il project, which is scheduled for
construction in 2014 and 201Bhe bridge connects f'istreet to the S6street over the USO

and Union Pacific Rail Road.
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BEGIN PROJECT

KEA LAKE ST.=—2r7 .=~ "7,

A'L___\MI DLIFE e | DS S
S T MANAGEMENT )
TAREA - =

Flgure 2.1 Map of prOJect location

The project consist of twin bridgess shown in Figure 2.2he south bound bridgeill be
constructed using conventional cas{place deck; and the north bound bridg be constructed

using the ¥ generation NUDECK system. Each bridge is a-span continuous bridge that is 41

ft 8 in. wide and 332 ft long. Each span is 166 ft long and consists of five precast/prestressed
concrete girders (NU1800) at 8 ft 6 in. spacisgshown in Figure 2.&achbridge has a Pdkew

and 2% cross slope.
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In order to describe the differences between thantl 29 generations of NUDECK systems, the
features of the two implemtation projects are presented side by side in Table 2.1. This table
summarizes the features of Skyline and Kearney East Bypass bridge project that are relevant to
deck construction. Shaded rows highlights the most significant differences between the two
generations, which are:

1 Panel width

Deck overlay

Location of postensioning strands
Shear connectors

Paneito-girder connection

= =4 4 A

Table 2.1: Comparison of'and 29 generation of precast concrete deck systems (NUDECK)

Item 1* Generation NUDECK 2" Generation NUDECK
Bridge Project Skyline Bridge, Omaha, NE Kearney East Bypass, Kearney, NE
Year Built 2003 2014
Spans (ft) 89, 125 166, 166
Width (ft) 51.5 41.67
Skew (deg.) 25 14
Girders 55in. deep Steel Girders NU1800 Concrete Girders
Girder Spacing (ft) 10.83 8.5
Panel Width (ft) 8 12
Panel Thickness (in) 6 7.5"+0.5"
Overlay 2in. Type K Cement None
Concrete Strength (psi) f'ci = 4,300; f'c = 6,000 f'ci = 3,500; f'c = 6,000
Transverse Pretension 8- 0.5" Strands in two layers @24" 6-0.6" top layer & 6-0.5" in bottom layer @24"
Longitudinal Post-tension 16 - 0.6 " Strands 12 - 0.6" Strands
Location of PT Strands At panel mid height Below deck panel
Crown and Cross Slope Crown and 2% Cross Slope No Crown, 2% Cross Slope
Transverse Joint Wet Joint Wet Joint
Rail CIP and inserts in the precast panel | CIP with reinforcement extended from deck pan
Haunch Forms Continuous Steel Bent Plate Continuous Steel Bent Plate
Longitudinal Reinforcement 2#5 @ 12" 2#5 @ 12"
Transverse Reinforcemenit 8#7 Continuous bars (bot), 8#7 short bars (tpp) 2#5 @ 24"
Shear Studs 1-1/4" Diameter Studs @ 6" Two 1-1/4" Diameter Grade 120 TR @ 48"
Panel-Girder Connection 12" Wide Open Coqtinuous Channel filled 8" x 16" x 5—1]2" covereq individual pockets fille
conventional concrete with self-consolidated concrete

For more detailed information about the project, please refer to the project plans available at
NDOR web sitéhttp://www.transportation.nebraska.gov/projects/keasaet/index.htm

14
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3 CONSTRUCTION SEQUENCE

The construction sequence of tHE generation NUDECK precast concrete deck panels for the
Kearney East Bypass project is presented in details in the following twenty steps. These steps are
presented using the 3D sketshpresented in Figu1, which are numbered to correspond to

each step. Also, a 3D animation of the construction sequence can be viewed in YouTube using the
following link: http://www.youtube.cm/watch?v=FOgcmkik_4Y

1

O-

Fabricate 10 precast prestressed concrete NU1800 bridge girders using the approved
mixture.

Fabricate 28 fuldepth fullwidth precast prestressed concrete deck panels (26 typical
panels and 2 end panels) using approved mixture.

Erect all the 10 girders (five girders per span) using the provided lifting points. Do not
use the shear connectors or deviators in handling the dirdehighly recommended

that the Agnment of shear connectasscheckedusing a steel template that was used
earlier in panel and girder fabrication to ensure that shear connectors in all girder lines
match the shear pockets in all precast deck panels within the allowed talerance

Form, reinforce, and pour the two end diagfna and the pier diaphragm up to the level
of the girder top flange using the approved mixture and after applying bond breaker to the
embedded girder faces.

Conduct shim shots every 6 ft on the edges and center of each girder line to determine the
actual pofile of the cambered girders prior to deck placement.

Attach the deck support system, made of bent plates/angles, by welding them to the
girder metal tabs to achieve the desired deck elevation and a minimum 2.5 in. thick
haunch.

Attach extruded polystgne panels to the diaphragm concrete between girders using
approved adhesive to fill the gap between the deck panels and diaphragm concrete
between girders.

Adjust the height of shear connectors by cranking them up to get 5 = 1/8 in. embedment
in the deck

Attach compressible material to the top of the deck support system to eliminate any gaps
between the deck soffit and the deck support system.

10-Lay down 120.6 in. diameter pogensioning strands on top of each girder for the full

length of the bridge antthread them through the corresponding openings in the end
deviators.

15
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11- Lay down 10#8 negative reinforcement bars on the top flange of each girder over the
intermediate support. Bars should be staggered and supported using chairs to avoid
conflict with strands.

12- Lift each deck panel using the specified eight lifting points located at pocket type A and
place it on the deck support system.

13- Use backer rod to fill the gaps between adjacent deck panels and clean and moist the joint
surfaces.

14- Pour flowableconcrete/grout in the transverse joints between deck panels using an
approved mixture.

15 Raise postensioning strands at the ends of each girder line to thdengght of the deck
and thread them through the holes of the anchor plates which are suppadhedcochor
block.

16- Weld bulkhead plates and tension individual gesisioning strands using mestand
jack starting from the middle and moving symmetrically outward. Repeat this process for
each girder line starting from the middle one and moving synicably outward.

17- Pour/Pump the specified selbnsolidating concrete (SCC) to fill the gap between the
deck soffit and girder as well as shear pockets using the provided ports from the top of
the deck. Moist girder top flange prior to pouring the SCC. iRgwhould continue until
the concrete overflow from the provided vents.

18 Form, reinforce, and pour approach slabs as well as the area aroutehpmsting
blocks in the deck

19 Form, reinforce and pour the rails.

20- Grind the top surface of the finished degk?z in. to ensure a leveled ridding surface.

16
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Figure3.1: Construction Steps of Precast Concrete Deck System of Kearney East Bypass Project




4 ANALYSIS, DESIGN, AND DETAILING

The northern bound of the Kearney East Bypass bridge project consists of 26 NUDECK typical
panels and 2 NUDECK end panels as shown in Figure 4.1. Each typical panel is 41 ft 8 in. wide,
12 ft long, 8 in. thick and has 15 shear pockets (3 shear pockesdgearline at 4 ft spacing) as
shown in Figure 4.2ZEight pockets are type A, which have lifting insgeind seven pockets are

type B which are noslifting pockets. Figure 4.3 shows the plan and sectional views of pockets
type A and B.

120" . 156'-0" 115"
1 1 |
\ LAY 3 \ LU Y Y 3 LURY \ LAY 3 \ LU Y
E’ %\i\i’ﬁ&%’é\ .’l | \i’x&\i\%y’% 41 '-8"
! [N Y \ \ LAY v 1\ L\ LA % LM\ \ \ LN 1
14°
1 167'-5" 167'-5"
Figure 4.1: NUDECK panel arrangement for Kearney East Bypass project
— 384 =~—850 —>==—-850—==—-8.50 -—
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Figure 4.2: Typical panel plan view and reinforcement details
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Figure 4.3: Plan and sectional views of pockets type A and B

To determine the necessary transverse prestressing of each pgpieblthe panel was analyzed

as a continuous beam under both lifting and service conditions using Beam Express software.
Figure 4.4 shows the bending moment, shear force, and deflection diagrams of a typical panel

during lifting. These diagrams indicates that thaximum positive moment is 20.1 kip.ft,

maximum negative moment is 23.3 kip.ft, maximum shear is 10.2 kip, and maximum defection is
0.04 in. Figure 4.5 shows the bending moment, shear force, and deflection diagrams of a typical

panel during service condition under its seHfight. These diagrams indicates that the maximum
positive moment i4.5kip.ft, maximum negative moment isAXip.ft, maximum shear i8.3Kkip,
and maximum defection &0003in. Using the AASHTO LRFDTable A4.1, maximum positive
moment of 6 kip.ftit and maximum negative moment of 3.3 kifftftvere estimated due to live
loads.The factored positive and negative momenta typical panel for Strength | limit state are
estimated as follows:

Mu(+ve) =1.25« 1.5+ 1.75x 6 x 12 x 1.2 253 Kip.ft

Mu(-ve) =1.25x 2.4+ 1.75x 3.3 x 12 x 1.2 = 86.2 kip.ft

Using strain compatibility analysis of the deck section assumifgc i

t hi

calculated:
U Mn

0 Mn-ve = 180.4 kip.ft > 86.2

(+ve)

ckness = 7.

5

=f @¢c 5= k6 sk si

FOrb in. sfared$ + 7¢5 bardredocated at 8.25 innfrgn) the 6
top, and €0.6 in. strands + 7#5 baaselocated af.25 from the top, the following capacities are

2340Ki
OK

p .

ft

>

153

Table 4.1 show top anabttom stress calculations in the transverse direction for both lifting and

service conditions. These calculations indicated that the panel will not have any tensile stresses

during lifting and minimal tensile stresses under service |desisould be nad that a 1.5 impact
factor was used in stresses calculations during liféktgp, prestressed losses were calculated to
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be 3.2 ksi at release and 17.9 ksi at senviebles 4.2 and 4.3 show the design of pocket anchor
bars and lifting inserts respectiye
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Figure 4.4: Bending moment, shear force, and deflection diagrams of a typical panel during
lifting (kip,ft)
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Figure 4.5: Bending moment, shear force, and deflection diagrams of a typical panel at service

condition under seliveight (kip,ft)
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Table 4.1: Deck stress calculations during lifting and service conditions

General Information Stage | (At Lifting)

Deck Width (b) 12 ft P 442.4 kip M.ye -419.4  k.in

Deck Thickness (h) 8.00 in fiop 0.00 ksi mn®nghy-0.88F Uksi OK
o 3,500 psi fhot 0.77 ksi 0.6 fy 2.10 ksi OK
f'e 6,000 psi

fou 270 ksi P 442.4 kip Mive 361.8 k.in

foy 243 ksi fiop 0.50 ksi mn dngpy-0.88F Uksi OK
foi 202.5 ksi Fhot 0.26 ksi 0.6 fy 2.10 ksi OK
fo 199.3 ksi

fre 184.6 ksi Stage Il (At Service)

Nps 12 Each P 409.8 kip M.ye -504.0 k.in.

e 0.40 in fiop -0.08 ksi mn ®ndy-0.X3F Uksi OK
Ays(6-0.5" bot + 6-0.6" top) 2.22 in? fhot 0.79 ksi 0.6 f 3.60 ksi OK
Section Properties

A 1152 in’ P 409.8 kip M.yve 882.0 k.in.

Yo 4 in fiop 0.82 ksi 0.6 f, 3.60 ksi OK
Vi 4 in fot -0.11 ksi mnodngdy-0.23F Uksi OK
I 6,144 in*

Table 4.2: Design of pocket anchor bars and their welds
Design of Anchor Bars

Area of One Shear Connector 0.97 in®
Design Stength of Connectors 60 ksi
Number of Connectors / Pocket 2 Each
Total Pullout Force 116.4 kip
Cross Section Area of Anchor Bars ~ 0.31 in?
Yield Strength of Anchor Bars 60 ksi
Number of Shear Planes 8 Each
Resistance Factor in Shear 0.75 N/A
Capacity of Anchor Bars in Shear 111.6 in.
Surface Area of HSS 264 in?
Cohesion Coefficient 0.025 ksi
Cohesion Force 5.9 kip
Total Resistance 1175 kip OK

Design of Welds

Weld Thickness 0.25 in.
Effective Fillet Weld Thickness 0.10 in.
Strength of Welding Electrode 90 ksi
Angle of Load to Weld Axis 90 deg.
Length of Each Weld Line 4.0 in.
i Cl OG2NJ 1.0 N/A
Number of Weld Lines 6 Each

Factored Weld Capacity 138.3 kip OK



Each deck panel need to be supported on the five djmdsrcreating a haunch that has a minimum
thickness of 3 in. to accommodate the glesisioning strands and to be filled with concrete after

Table 4.3: Design of pocket lifting inserts and their welds
Design of Lifting Plates

Panel Length

Panel Width

Panel Thickness

Panel Weight

Number of Lifting Points
Maximum Load Per Lifting Point
Load Factor for Impact

Design Load

Span of Lifting Plate

Diameter of Coil Rod

Capacity of Coil Rod

Diameter of Coil Nut

Moment in Lifting Plate

Steel Grade

Plastic Section Modulus

Total Thickness of Lifting Plates
Required Depth of Lifting Plates

Design of Welds

Weld Thickness

Effective Fillet Weld Thickness
Strength of Welding Electrode
Angle of Load to Weld Axis
Length of Each Weld Line

i Cl OG2N)

Number of Weld Lines
Factored Weld Capacity

41.67
12

48.34

8.50

34.0
7.5
0.75
7.2
1.375
26.0
50
0.52
0.50
2.0

0.25
0.18
90
0
1.5
1.0
4
43.0

kip.in.
ksi
in3

n.  2- 1/4" thick plates

n. Use?2in.

kip OK

posttensioning. To achieve that, bent plates was chosen to be welded to the metal tabs inserted in
both edges othe top flange of each precast girder to create a continuous supg@itiarforms
for the casin-place concreteThe welding process will be done-site after conducting shim
shoots to determine the required deck elevation. Table 4.4 shows the ddsidations of the

bent plate and its weldgssuming that metal tabs are spaced at 18 in. and the NU girder top flange

has

compressive material is needed to uniforrdigtribute the panel weight and prevent leakage.
Based on these calculations, the maximum wheel load allowed during construction is 2,000 Ibs.

an

ulti mate capacity of 4 kiplft

act
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Design of Bent Plates
Panel Length
Panel Width
Panel Thickness
Panel Weight
Number of Support Lines
Length of Each Support Line
Load Per Linear Foot
Load Factor for Impact
Design Load
Girder Capacity per Linear Foot
Spacing Between Welds
Load per Weld
Applied Moment
Bent Plate Thickness
Bent Plate Width
Bent Plate Depth
Steel Grade
Section Modulus
Moment Capacity
Design of Welds
Weld Thickness
Effective Fillet Weld Thickness
Strength of Welding Electrode
Angle of Load to Weld Axis
Length of Each Weld Line
i CcrOoh2NJ
Number of Weld Lines
Factored Weld Capacity
Maximum Wheel Load
Dead Load Per Tab
Dead Load Factor
Wheel Load
Live Load Factor
Impact Factor

TOTAL Load

Table 4.4: Design of deck support system

41.67

12

8 in
48.34 kip

5 EA  Assume one angle per girder line

12 ft

0.81 kip/ft

4

3.22 kip/ft

4 kip/ft OK

15 ft

4.83 kip
43.50 kip.in. Assume one weld is broken
0.125 in.

S in

6 in

50 ksi

2.12 in3

106 kip.in. OK
0.125 in. 4" weld for 1.5" \ *‘S/@V
0.09 in. Metal tabs \ - T
90 ksi ot 18" spacing Var. (min 4%)
0 deg. 4
1.50 in. /

100 A Bent plate §" thick
1.00 Each

5.4 kip OK

1.21 kip

1.25 N/A

2 kip

1.35 N/A

1.33 N/A

5.1 kip OK

" thick, 27 wide

compressible pad
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To design the pangb-girder connection and the deck ptstsioning, the entire bridge
superstructure was modeled and analyzed using ConSpan V8i software. Appendix A lists the
analysisresults for an interior girder, which includes service and ultimhgarsand moment
envelopes as well as the interface shear at different section. Based on analysis results, maximum
positive and negative ultimate moments were 15,189 kip.ft and 6,870 kip.ft respectively. These
values compared very well with the flexural aajy of the composite girder calculated using
strain compatibilityMn(+ve) = 21,347 kip.ft and Mr¢e) = 7,080 kip.ft The vertical shear at

the critical section was found to be 254 kip, which resulted in an interface shear of 3.24 kip/in
(excluding thegirder and deck weight effects). This value was used in Table 4.5 to design the shear
connectors according to AASHTO LRFBection 5.8.4, which found to be two 1.25 in. diameter
threaded rods at 4 ft spacing. It should be noted that the cohesion béteveanrich concrete and

the precast deck soffit was assumed to be zero as the deck soffit is not roughened.

Table 4.5: Design of shear connectors

Vertical Shear at Critical Section)V 254 kip 4
g
Effective Depth (g 78.3 in. \M\
8" Interface Shear Plane B V/A':Zﬁ!l
= 7 .
Max. Interface Shear (Max) 3.24 kip/in. / 5% 8" —
Y
: - 4k
Design Interface Shear 3.24 kip/in. 2
Interface Shear Plane A Debonded Strip
Spacing Between Shear Connectors (s) 48 in.
2'8"
Ultimate interface Shear per pocket v 155.7  kip
Area of One Shear Connectors)(A 0.97 in? ‘ J: N i ‘
M
Yield Strength of Shear Connectors 105 ksi T ‘ I I ‘
8" ‘ 7 /Imerface Shear Plane B I
Design Yield Strength of Shear Connectgjs (f 60 ksi 1 ‘ ‘
777722220 27 Z
Number of Shear Connectors per pocket 2 ‘ \ ‘
p-— Interface Shear Plane A
Compressive Strength of Groug)(f 6 ksi
Resistance Factor (0 0.9
Failure Plane Length) Width | - Aw ¢ u K, KZ, ¢ '_At" k 'i%fy Kif ,‘AC" KZA“’ ' Y"
(in) | (in) | (in? | (ksi) (ksi) | (kip) | (kip) | (kip) | (kip) | (kip)
A (at the girder top flange) 48 32 1,536| 0.24 1 0.25 15 | 368.6 | 116.4 | 2,304| 2,304| 436.5
B (at the deck bottom surface) 156.9
B, (At the pocket) 15.5 7.5 116.3 0.4 1.4 0.25 15 46.5 | 163.0 174 174| 156.9
B, (between pocketd) 48 32 | 14198 O 0 0.2 0.8 0.0 0.0 1,704| 1,136| 0.0

According to AASHTO LRFD Section 5.8.4

Also, the maximum positive and negative service Il bending moments were 9,682 kip.ft, 3,014
kip.ft respectvely. These values were used to determine the requirems®ning force at the
positive moment region and pesinsioning force at the negative moment regideetp theensile
stresgsless than 0.098 T (Tiilsdesulted in using 60.6 in. pretensoned strands at the bottom
flange and 12.6 in. posttensioned strands at the haunch for each girder. Table 4.6 shows the
design calculations for deck peasnsioningFigures 4.6and4.7 show detailing of deeto-girder
connection for a typicgdaneland end panalespectively. Figures 4.8 and 4.9 show, respectively,
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Table 4.6: Design of degbosttensioning

BRIDGE INFORMATION

Location

County

Number of Spans
Span Length
Total Width
Roadway Width
Skew Angle

GIRDER INFORMATION

Girder Size

Girder Height
Girder Area
Girder Inertia
Girder y

Girder fc'

Number of Girders
Girder Spacing

DECK INFORMATION

Deck Thickness
Haunch Thickness
Haunch Width

Deck and Haunch fc'
Rail Type

Rail Weight
Wearing Surface

COMPOSITE SECTION

Modular Ratio
Area of Composite
Composite Yy
Composite Inertia

FORCES AND STRESSES

Critical Section

M-ve (Total)
Post-tensioning Force
P/A

My/I

Total Stress

Stress Limit 0.098F 4 O

Kearney East Bypass
Buffalo
2
166
41.67
39
14

NU1800
70.9

857.3
611,328
32

7.5
6.5
48
6
Closed 42"
0.524
0.02

0.866
2,066.9
52.53

1,900,275.10

Face of Diaphragm
-3014
421.8
0.551
-0.616
-0.065
-0.240

ft

ft

ft
deg.

ksi

klf
ksf

ksi
ksi
ksi
ksi

theproposediesignand alternate design pbsttensioning hardware. Also, NDOR project sheets
that are relevant to these connections are shown in Appendix B
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"

Grade 120 Coil Rod 1 §
diameter with greased
threads embedded in
the girder

2 heavy HEX nuts
welded to the plate

" Half heavy HEX nut and §” thick
structural washer welded to the rod

—PL 14" 22 x ¥ plate

NP
1

Shear Connector Assembl

Figure 4.6: Typical pantd-girder connection viewgont.)

36



N
NI

21!! T);T';_qéi 3" 8" 8"

Area = 16.2 in? Area = 15.6 in’
Transverse Joint Alternatives

2211 _

Shear Pocket Tolerances

Figure 4.6: Typical pandb-girder connection view&ont.)
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0.5"strands @24”

0.6"diometer @24” 4" diameter
[ ond #5024”

and #5@24?\\ grouting port

Bent pOtZ

12-0.6" diometer bonded |
welded to metal tab

post-tensioning strands

D1 8@v0r‘/
Depressed Strands /

2-1 ¥ diameter grade 120 ksi
coil rods @ 48"

o
® v 9
ole o o

7
58

Y

Intermediate Support Section

0.6"diameter @24; I 4" diometer 0.5"strands ”@24”
and #5@24” | b g" - grouting port F and #5@24
\ ‘ |
7 | : |
Var.
j
2#5@12" _/

D20@4" /

/
Bent platé
welded to metal tab

12-0.6" diameter bonded
post-tensioning strands —

DWS@\/QLJ

446 /

2-1 ¥ diameter grade 120 ksi
coil rods @ 48"

Figure 4.6: Typical pandb-girder connection views
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12 - Single use 0.6 3 - -5
diameter strand| chucks r.fga‘
" \ I
=0 0 o ‘
[H [

13-0.6" strand roller deviators

. 14-1" thick plates
2 |
51,, S
2 Y

17 ‘ f 2’74” ‘

- I diameter
grade 20 threaded bars

Strand Deviators

Figure 4.7: End panab-girder connection viewgont.)

39



End Section

0.6"diameter @18”
| and #5018"

Var.

diam

grouting port

0.5"strands @18”
ond 518"

eter

Var. |

245@9"

12-0.6" diameter bonded
post-tensioning strands

D18@var.—

Depressed Strands

Deviator Section

N

]
®
.
°
e
®

.

Bent plat
welded to metal tab

2-1 7" diameter grade 120 ksi
coil rods @ 36"

Figure 4.7: End pandb-girder connection views
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Figure 4.8: Detailing of pogensioning anchor block and plate
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5 PULLOUT EXPERIMENTAL INVESTI GATION

5.1 Girder Pullout Testing

The purpose of this testing was to determine the required embedment length of the threaded rods
(TRs) used as sheaonnectors into the girder, so that the TR can be fully developed. Another
purpose was to determine the most efficient way to grease the TR so it can be cranked up when
needed to adjust the TR height to match the deck prégigting was conducted on thrstages:

1) Pullout from concreteubeg05-24-2012)

2) Pullout from shallow Tgirders (07-13-2012) and

3) Pullout from deep girders (07-27-2012 and 0213-2013)

In the first stage, three concrete culpecimert ft x 1 ft x 1 ft were made with 152n. diameter

TR embedded in the center of each cabeshown in Figure 5. Iwo of thespecimen$ad TR

with fine threads (7 threads per inch), while the third specimen had TR with coarse threads (4
threads per inch) to determine the effect of numberettds on the bond and the ease of cranking.
Also, one of the TR with fine threads was not greased to determine the effect of greasing on the
bond with concrete. Figure 5.2 shows a photo of one of the specimen before casting the concrete.
Two TR were greas using thick grease commonly used as a lubricant for heavy equipment,
which makes it stay on the rods surface and not drip inside the form. A 6,000-psinseilidating
concrete (SCC) was used to cast the specimens. When the concrete strength j&@@ipsd the

TR were cracked up using a manual wreastshown in Figure 5.Zhe two greased rods were
easilycranked up and down, while the bond between thegneased rod and concrete could not

be brokenAll the three specimens were tested in pullEgishown in the test setup in Figure 5.3.

1.25" diameter 1.25" dlameter 1.25" dlameter
TR with fine threads TR with coarse threads
7 perin. 4 perIn.

/ Greased suface

Non-Greased Greased suface
2'4" [ Surface 24" / 2 gm

| /)1 /]

1 1 1

L 11 4 |

— — —

e e T T T
N L e T T T T I
T o iy riirrin

—

-
-
-

Figure5.1: Elevations of the thregpecimen tested in the first stage
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Figure 53: Pullout test setup
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Figure 5.4 plots the pullout testing results of the three specimens. This plot indicate that both
greasing and coarseness of threads had a significant effect on the bond with concrete: The non
greased TR had better bond wethncrete than the greased TR with same coarseness of threads,
which can lead to splitting of the concrete rather than pullout of the rod. On the other hand, the
coarser the threads, the higher the bond with concrete as the concrete can bettesggicth
between threads especially when grease is being applied. Figure 5.5 show the failure mode of each
specimen. Despite these results, it was decided to use a greased TR to allow easy cranking of the
rods in the site. Also, TR with fine threads wesedito allow using a thinner nut (i.e. half nut) to

form the head of the rod, which will be embedded inside the deck shear pockets. However, a large
washer and nut will be used on the other end embedded in the girder to improve the TR bond with
concrete, Wwich was tested in the second and third stages.

80,000
75,000
70,000
65,000 |__Pulloutof
] Rod
60,000
55,000 - Splitting of 75,300 lbs
0.000 . Concrete
20,000 1 48,115 Ibs
__ 45,000 J'f'
2 40,000 - Pullout of
'O .
g 35000 Eg%ﬁ Ibs
— 30,000 - ’ . ——Fine Threaded Rod (Nt
] / Greased)
25,000 p _
] _,l’r —Fine Threaded Rod
20,000 - B (Greased)
15,000 1 Coarse Threaded Rod
10,000 ¢ (Greased)
5,000 - I
0 _’:'_wiivl‘\‘"'q T T T T T T T T T T T T T T T 1

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Time (sec)
Figure 54: Pullout test results
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Figure 55: Failure mode of: a) greased fine TR; b) greased cd&®sand c) nofgreased fine

TR
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In the second stage, two shallovwgifder specimens were made as shown in Figure 5.6 to simulate
the top portion of a bridgedirder. In each specimen, a 1.25 in. diameter TR with greased fine
threads (7 threads per inchfd a structural washer and nut was embedded in the center of the
specimen. Figure 5.7 shows a photo of the specimen prior to casting the cohndr@t@00 psi

SCC was used to make the two specimen to match the concrete strength recently used in bridge
girders. Figure 5.8 shows the pullout test setup for the two specimen.

1.25" diameter TR
with 7 threads
per in.

[r#4 Rebar

2[_4"
/

4"

TSA Manufacturing
9" 6" — Structural nut

i

H
i
¥
i
i
o
i
¥
i
¥
;
#

2!

Figure 56: Plan and elevation views of the shalldvgirder specimen
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Figure 58: Pullout test setup of shallowdirder specimens
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Figure 5.9 plots the pullout test results of the two specimens (A and B). Although thesaresults
significantly higher than those obtained from the previous stage of testing, none of the two TRs
was ruptured. The TR in specimen B was fully developed as it reached the yield satadtiad

of 102,000 Ibs)while the TR in specimen A was very soto the yield strength but did not reach

it. Both specimens experienced severe cracking starting at the bottom of the web and propagating
upward and spalling the concrete around the washer and nut as shown in Figure 5.10. This is
primarily due to the ldcof reinforcement of the shallow web. This problem was addressed in the
third stage of testing as a deeper reinforced web is used.

Load (Ib)

120,000 -

112,500 -

Pullout of

105,000 -

Splitting of

Rod

97,500 -

Concrete

90,000 -

f Pullout of

82,500 -

4 ~

Rod

75,000 -

/ !

67,500 -

/ /

60,000 -

/ /

52,500 -
45,000 -

/ /

37,500 -

30,000 -

22,500 -
15,000 -

= Specimen B

= Specimen A

7,500 -

0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

Time (sec)

Figure 59: Pullout test results of the two shallowgirder specimens
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Figure 510: Failure modes ohallow Tgirderspecimes A (top) and B (bottom)
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In the third stage, two deepgirder specimens were made as shown in Figure 5.11 to simulate the
upper half a bridge-dgirder. In each specimen, a 1.25 in. diameter TR with greased fine threads (7
threads per inch) and a structural washer and nut was embedded in the center of the specimen.
Figure 5.11 also shows the web reinforcement used in the specimens, which simulates typical shear
reinforcement of bridge girders addition to U bars around thH&R to control crackingFigure

5.12 shows a photo of the specimen prior to casting the concr@®08 psi SCC was used to

make the two specimen to match the concrete strerfigtie Kearney East Bypass bridgjeders.

Figure 5.13 shows the pullout tesgttup for the two specimei\ and B

1.25" diameter TR —.
with 7 threads
perin,
11 — 2! _4"
_j B 4“ i = £ B PI
@3'/:}\\'\ _4
T I L %
i T 1
1|- '6” : 2 2'
1ig" “— Structural nut
9" 6|1 1
IS U
65 d
7 A
2‘:;:.' ;ﬂ
o4 — . t .
111" <
dwil
| 2
k=3
o

Figure 511: Plan and elevation views of the deejifder specimen
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Figure 512: Forming and

Figure 513: Pullout test setup of deepdirder specimens
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Figure 5.14 plots the pullout test results of the two specimens (A and B). These results are higher
than those obtained from the previous stage of testing as the two TRs exceeded their yield strength.
The TR in specimen B was ruptured with no visible dragkn the web, while the TR in specimen

A cracked and crushed the web concrete after yielding as shown in Figure 5.15. The performance
of the two specimens was considered satisfactory as the TR were fully developed under ultimate
load (102,000 Ibs) and elspecimens did not crack under service loads (58,00Bidiwever, to
eliminate the crushing of the concrete occurred in specimen A, it was proposed to use anchor bars
welded to the washer. These anchor bars will transfer the pullout force by bonchalotength,

which significantly reduce the bearing on the concrete that might cause cracking and crushing. To
evaluate the performance of the proposed detail, one additional dgegel specimen was
fabricated similar to the two specimens presentedeearith one exception, which is the use of 2

#6 bars welded to |0 @ml&aThisspecisnentwasrtestadssimgaht@® w n
specimen A and B as shown in Figure 5.13. The TR reached the yield strength and was completely
ruptured as showmiFigure 5.17 with no visible cracking or damage to the surrounding concrete.
Figure 5.18 plots the pullotst results, while Figure 5.19 plots the str&isain diagram fothe

1.25 in. diametethreaded rods used these experiment3hese rodsiave INC thread diameter

of 11 O 7 and they ardSTM A193 Grade B7 (fy = 105 ksi, fu = 125 ksijth net area of 0.97

in.2

130,000 -
] Rod Break
120,000 -
110,000 - /
100,000 - Coanete
1 Concrete crushing
90,000 1 Cracking / /
80,000 - / /
= 70,000 - / /
S 60,000 -
S ] / /
50,000 _
] / / ——Specimen A
40,000
30,000 -
20,000 = Specimen B
10,000 -
0 ] T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200

Time (sec)
Figure 514: Pullout test results of the two deeggifder specimens
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Figure 515: Failure modes of deep-girder specimens A (top) and B (bottom)
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Figur 517: Rupture of the TR
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100,000
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Figure 518: Pullout test results of a TR with anchor bars weldetiéovasher plate

120,000
110,000
100,000
90,000
80,000
70,000
60,000

Load (Ib)

50,000
40,000
30,000
20,000
10,000

0

AL
et

0 100

200

300 400
Time (Sec.)

500

600

700

Ultimate @ 125.Xkips

Area of rod 3 0.96n2

Y

7~

/" Yielding @

102 kips

/

/

/

0.00

0.20

0.40 0.

Strain (%)

60

0.80

Figure 519: Stressstrain diagram of 1.25 in. diameter Gr&IETR
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5.2 Deck Pullout Testing
The purpose of this testing was to design the precast deck shear pockets and determine the type of

grout/concrete required to achieve tigured pullout capacity for the TR whileonsidering the
economy and ease fatbrication and construction. Testing was conducted on three stages:
1) Pullout from foam formed pockets filled with concrete and grou2@0012);

2) Pullout from HSS and woddrmed pockets filled with grout (129-2012); and

3) Pullout from HSS and metal sheet formed pockets filled with concrete42@13).

In the first stage of testing, two specimens that simyle¢eastdeck panels were made. Each
specimerwas3 ft x 3ft x 8 in. as shown in Figure 5.20. A 5.5 in. deep pocket was formed in the
middle of each specimen using a foam blockout as shown in Figure 5.21. The pocket is 8 in. long
and has a wedged width that is 8 in. at the top and 10 in. at the bottom. Thiewasckeinforced

using 1#4 on each side at the top and 1#4 on each side at the bottom in additional to conventional

deck reinforcement.
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Figure 520: Plan and section views of deck specimens with fé@amed pockets
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Figure 521. Foam blockoutised to form the pocket in deck specimens
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The pocket of one specimen was filled usandpighly flowable norshrink cementitious grout
(Masterflow 928) as shown in Figure 5.22, while the pocket of the other specimen was filled using

a seltconsolidaing concrete (SCC) after installing the 1.25 in. diameter TR with a washer and
nut. Pullout testing was conducted as shown in Figure 5.23 when the grout strength reached 8.9
ksi and the SCC strength reached 9.8 ksi. The two specimens had the same daiéjremch is

pulling out a concrete cone as shown in Figure 5.24. Pullout test results shown in Figure 5.25
indicate thathe SCCfilled pocket (24,897 Ib) had slightly better performance than the-gitl@at

pocket (23,458 Ib). However, both pockets dimt have adequate performance as their pullout
capacity was way lower than the required capacity, which is 60k8I69 TR net cross section

areg = 58,000 Ib.

Figure 522: Filling the pockets using commercial grouts
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Figure 523: Pullout tessetup

Figure 524: Pullout failure mode
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