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Presentation Topics

2 Joint Elimination
d Why Eliminate Joints

O Current Practices in New York State

2 UHPC Link Slabs
d What, Why, and How

3 Evolution

d What Makes a Good Candidate
d Construction
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3 Question & Answer
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Bridges With UHPC in New York
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Bridge Deck Joints 5

Issues

2 Require frequent
maintenance

2 Can be hazardous to
traveling public

2 Prone to leakage, exposing
underlying components to
moisture and chlorides

2 Trickle-down deterioration
reduces bridge service life



Joint Elimination Methods :
Splicing of Girders
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Joint Elimination Methods ;

Conversion to Integral Abutments
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Joint Elimination with Link Slabs

2 Economical means of joint elimination

a0 Reduce design time, structural removal, and
reconstruction work

d Avoid undesirable negative moments and higher
beam reactions

d Long and maintenance free service life

2 Versatile
O Superstructure type

d Geometry
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k Slabs
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Link Slab

Concrete Deck
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Link Slabs

Link Slab
Concrete Deck
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Pier or Bent

3 Span With Link Slabs
- Jointv ‘Elimination
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Link Slabs

Link Slab

Concrete Deck
it Ll /L‘»
5 i i i =/
Pier or Bent

3 Span With Link Slabs

2 Accelerated construction

2 Complex framing geometry

2 Continuous span uplift

2 Continuous span cracking over piers
2 Reduce seismic vulnerabllity
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UHPC Link Slabs
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UHPC Link Slabs
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Evolution of UHPC Link Slab Usage
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Evolution of UHPC Link Slab Usage
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DECK REPLACEMENT - KEY PLAN NOTES: LEGEND:
NOT 10 SCLE EXISTING wn or TRANSVERSE_ JOINTS ON MAINLINE =44 PIER NUMBER
PROPOSED OF TRANSVERSE JOINTS ON MAINLINE =11
APPROCMATE REDUCTION N NAIBER OF TRANSVERSE JOINTS ~ 187
EXISTING NUMBER OF CONTINUOUS SPANS =74 @ PIER NUMBER (FIXED BEARINGS)
EXISTING NUMBER OF SIMPLE SPANS =17

LINK SLAB
— — e EXPANSION JOINT

FULL DECK CONTINUITY
f NEW YORK
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LONGITUDINAL JOINT
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New York State UHPC Link Slab Usage

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year of Letting

UHPC Link Slabs

Built 138

Planned 30

Total 168 4%?0\!0“
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How Do Link Slabs Work?
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Conventional vs. UHPC Link Slab
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Benefits of UHPC Link Slabs

2 Only require reconstruction
of deck ends

2 Reduce construction
duration

2 Are highly durable and
iInherently ductile
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The UHPC Difference

2 Only 2’ - 3" long, 47 thick, nominal reinforcement
d Ultimate tensile strain 7,000 pe (HPC = 200 peg)
O Widespread micro-cracking due to steel fiber matrix
O Compressive strength 18 ksi (NYSDOT Spec)

2 Strong bond to existing concrete
> Exceptional durability
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Design Assumptions

2 UHPC Material Design Allowables
d Tensile strain: 3,500 pe
d Tensile cracking stress: 1.2 Kksi
O Compressive stress: 14 ksi
0 Compressive modulus: 8000 ksi

2 Flexural design with adjoining spans
simultaneously loaded with HL-93 live load

2 Displacement based analysis
o Stresses equally distributed within debonded

length
@R‘%ﬁm

Department of
Transportation




Mathcad Worksheet

User Inputs
Jy,+=60 ksi reinforcement yield strength
E:=29000 ksi  reinforcement modulus of elasticity (LRFD 5.4.3.2)

_ in area of longitudinal reinforcement per ft. in debonded zone (this reinforcement
=047 = must be centered vertically within the link slab’s debonded zone or the results
of this worksheet will be invalid)

)
i 0.31 .m
8 in
dy+=6.32 ft  vertical distance from top of deck to bottom of bottom flange

I =16in debonded zone length (1'-0" minimum, adjust to determine the shortest length that satisfies all
design checks)

f,:=0.2 ksi Strength | applied axial stress (tension +, compression -)

Unfactored Girder End Rotations

Left Span Righ n
Opcap+=0.0 rad Opcori=0.0 rad superimposed dead load rotation
Opyr+=0.00070 rad O r:=0.00070 rad future wearing surface rotation
0;1.1+=0.00445 rad 0, r:=0.00445 rad maximum HL-93 live load plus impact rotation

Protected Area

Note: The following inputs are standard and not editable by the user.

E.:=8000 ksi UHPC compressive modulus of elasticity
Junpe.ran=1.2 ksi UHPC tensile cracking stress

Supe.c.ani=—14 ksi maximum allowable UHPC compressive stress
Eunperani=3500+10""  maximum allowable UHPC tensile strain
dyppei=4 in depth of UHPC within debonded zone

NEW YORK
STATE OF
OPPORTUNITY.
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Mathcad Worksheet

Strain Diagram Stress Diagram

E.UHPC.T F.UHPC.T.ALL

E.STEEL.T FSTEEL.T

D.UHPC
D.UHPC
A

s s 2 e e ==« =NA,

i

E.URPC.C F.URPC.C
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Mathcad Worksheet

Flexural Analysis of Link Sl

b:=1 ft width of design section h:=d,,,=4.0 in depth of UHPC

A;:=A,+b=047 in> area of reinforcement Ji=tumperan=1.2 kst maximum tensile stress of UHPC

9 = 125 *mean (HD(‘Z.L ’ HD(‘Z.R) + 150 *mean (HDWL ] GDWR) + 175 *mean (HLL.L D) BLL.R) - 051 deg Strength I glrder
end rotation

(h
c-f.b AS-ES-CCI-(E — c)

Sum Forces: c:= ; T:=f(h- )b+ .
2.2 2 . ,2.2.2 .
. _ JAS Eeel” + f-ACED-heeci+ 7-f7h7 + b-fi-h — AE-eci
Equation Solver: = YT
(h
cf.b Ay Eg-ect E -C
Check: c¢= = 61.64-kip T=f.(h-c)b+ — 61.64-kip
C
6

Assume UHPC Strain;  eci:= 120010

-2.0.c -6
=-1207-10

Assumed vs. Calc. Strain:  eypec= T
111 f NEW YORK

Department of
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Mathcad Worksheet

ci=|lecie—1+107° . : . : : .
e 1 eci = assumed UHPC compressive strain iterative algorithm to
. ec = computed UHPC compressive strain determine distance
i—1 _ . :

) _ fc = UHPC compressive stress from bottom of section
while eci <|ec] to neutral axis
Je—eci-E.+f,
\/AS2 cES veci® +fce Ao Eobeheeci+b* of7 «h® +bef,eh—AE,+eci
C —
befc+2:b-f,
—2+0.c
ec — —
Ldz
eci+—eci+0.1+107°
i—i+1
if (c<0+in)V (c>d,) V max (ec|,eci) _ | | 5o
min (|ec| ,eci)
H out < “Error”
else
H out +—c
return out

c=1.03 in distance from bottom of section to neutral axis

NEW YORK
STATE OF
OPPORTUNITY.
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Mathcad Worksheet

=6, E,=31.14 ksi

—2.0.c
Ly

z

Eupe.c = =—1136 107°

=€ «E.=-9.09 fksi
.fuhpcc whpc.c ™ e

Agapmin'=2+ 0 (dpy— (d e — €)) = 1.29 in

Analysis Results

“Analysis Criteria”
“Tensile Strain in UHPC (pe)”
“Stress in Reinforcement (ks1)”

“Compressive Stress in UHPC (ug)”
“Minimum Girder End Gap (in)”
“Debonded Zone Length (in)”

tensile stress in reinforcement

compressive strain in UHPC

compressive stress in UHPC

“Actual” “Allowable” “Design Ratio”

3283.09  3500.00 1.07
31.14 60.00 1.93
—9.09  —14.00 1.54
1.29
16.00 -7

minimum required girder end gap

“Pass/Fail” |
“Pass”
“Pass”
“Pass”

(44 2%

(44 2%




Bridge Deck Joints

Structural Functions

2 Allow for unrestrained beam
rotations

2 Simplest way to accommodate
superstructure’s thermal

movements
2 Provide discrete superstructure ;
segments, simplifying =N ||| ——
horizontal load distribution to
. N
substructures 4 D f
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Joints Replaced With Link Slabs

Global Structural Changes
2 Beam rotations still assumed to be unrestrained
2 Superstructure’s thermal movements altered

2 No longer have discrete superstructure
segments - Link Slabs create contiguous
segments, resulting in more complex horizontal
load distribution to substructures
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d

Bedin U ) | End

Link Slab

F
E E || E E |INE ®

Black = Existing Bearings
Red = New Bearings, Type EB

3 Span with Link Slabs
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UHPC Link Slabs for Joint Elimination

Scoping Considerations
2 Ideal Conditions

O Deck in fair or better condition

 Precast deck replacement

 No skew or slight skew
d Weekend closure permitted

O Bearings deteriorated and/or unstable

~——ULTRA-HIGH PERFORMANCE CONCRETE
rd

§IJ Lo )
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EXTSTING STEEL— | ot / W 1 “{~ COMPOSITE BAR (TYP.)
GIRDER (TYP.) YAy \ \
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UHPC Link Slabs for Joint Elimination

Scoping Considerations e
o Obstacles ey

'J\v 1
£

4-0.6" Strand
Tendon

i Pl—uce at corners
rR=12'l /.  , of 4SE22 Bars
o L

EV
B

>

e

 Highly skewed supports - bearing  “eor—H T H T
layout, horizontal load distribution ™ ==

[ | o | g | P
4-0.6" Flat——"""] I‘—

SECTION F-F
LONGITUDINAL POST~TENSIONING ANCHOR

d Railing mounted on top flange

d Post-tensioned deck N

d Joint over Pin & Hanger e

éxd’x%" DIAPHRAGM
h 4 ISE33.9 16 w 36

=k
N
" 1R
] U
5 -2"x Vs /J ‘
VEB ’Z/ Ey'sh 54‘,,
-
L 3%6"x¥8
dlw » 1, "
L 8-0 |
e e
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UHPC Link Slabs for Joint Elimination

Pin and Hanger
2 Theorized tension increase in pin and hanger
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UHPC Link Slabs for Joint Elimination

Pin and Hanger
2 Sling Retrofit — Vulnerability removed, joint retained

NEW YORK
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UHPC Link Slabs for Joint Elimination

Pin and Hanger
2 MassDOT Ship Lap Joint Detall

Bent Flange Plate
MC 18 x42.7 C10x30
/ Bearing Stiffener
; i o i i
’ 1
FFHFFF A+
+ + i+ ++ ++ i+ + +
~ + + i+ ++ 4 4+ +

+ i+ + ++ Hj+ + +

i 7 i = j

CJP-
Splice—/ / \LEIastomeric Bearing Pad Assembly
Existing Hinge/Proposed Bearin, Existing Bea

Figure 3.8 Ship lap joint detail (Mass DOT, 2014) = e



Construction and Lessons Learned

L+

« Bearing replacements
& temporary blocking

« Bearing and span
alignment
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Construction and Lessons Learned

e Sealed formwork

Surface preparation
» Exposed aggregate finish / chip hammer
» Saturated Surface Dry (SSD)

Distribution of steel fibers (next slide)

Flow of UHPC, orientation of steel fibers

Overfilled cavity
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Distribution of Steel Fibers
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Construction and Lessons Learned

> Maturity Testing
d Real-time compressive strength
d Validated with compressive tests
d Form removal 10 ksi
d Opening to traffic 12 ksi
2 Diamond grinding
_ongitudinal grooving
2 Interface and crack sealing with
nigh molecular weight methacrylate
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Route 51 over Erie Canal,
CSX, and Route 5

llion, New York

Originally Built 1968
Rehabbed 2018

NEWYORK | Department of
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Typical Section

36'-4"

PAY LIMITS FOR ITEM 559.17960118 - PROTECTIVE SEALING OF STRUCTURAL CONCRETE FOR EXISTING BRIDGE DECKS (SEE NOTE 1)

PAY LIMITS FOR ITEM 558.02 - LONGITUDINAL SANCUT GROOVING OF STRUCTURAL SLAB SURFACE

. OF STRUCTURAL S AR IND HRULTURRL ROPROACH SLAB TR SRINAY REMOVAL _
28'-0"
. 5'-11" 1 g -
. 14-0" (SOUTH BOUND) ol 14'-0" (NORTH BOUND) B g
EXISTING 4" WEARING SURFACE | EXISTING 7" SUPERSTRUCTURE SLAB
ﬁ / 20% | 20%
L — L‘ @
|
AT PIER Nod TYPICAL SECTION
= = SOUTH ABUTMENT TO PIER NO.1 L =
PIER NO.1 TO PIER NO.2
SPANS NO.1 AND NO.2 - AT MIDSPAN -

START SPAN NO.3
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Existing Conditions
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Scope of Work

Pier column and cap replacements

Substructure and girder repairs

New pedestals and bearings

New approach and sleeper slabs

Overlay resurfacing

Elimination of 9 deck joints with UHPC link slabs
3 remaining deck joints replaced

Contract Info

« Design Bid Build - Economy Paving
 Total Bid $4.6M, UHPC $9,550/CY L=

TY.

Department of
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2 Comparison of Material Costs

Approx. Cost / CY

Conventional Concrete $250

Portland Cement Grout $1,500
Epoxy Grout $5,000
Polymer Concrete $2,300
UHPC $3,000

2 Statewide Average Installed Costs

Approx. Cost / CY

HP Concrete $1,600
Polymer Concrete $7,000
UHPC $10,000

Department of
Transportation
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EXPANSION JOINT

48
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EXPANSION JOINT
ya

EXPANSION JOINT LINK SLAB 9 LINK SLAB 8 LINK SLAB 7
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4" CONCRETE
OVERLAY

72" DECK
SHEET GASKET HPIC CONCRETE

(TYP.)

UHPC Link Slab Detall
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Pier 1
5 Years After

Installation of
Link Slab




UHPC Link Slab Resources

2 Federal Highway Administration

Design and Construction of
UHPC-Based Bridge Preservation
and Repair Solutions

PUBLICATION NO. FHWA-HRT-22-065 MAY 2022

Ultra-High Performance Concrete
(UHPC) Link Slab Design Example

Publication No. FHWA-RC-23-0004 November 2023

Structural Design with Ultra-High

Performance Concrete

PUBLICATION NO. FHWA-HRT-23-077 OCTOBER 2023
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UHPC Link Slab Resources

2 New York State DOT

3 In the near future policies, design guidance, Mathcad
worksheets, examples, and details will be available
on the Office of Structures website

STRUCTURES x] 7- > DIVISIONS > ENGINEERING DIVISION > STRUCTURES

Structure Management

Structure Specialties
Engineering

Structure Design

Structure Policy & Innovation
Recent Bridge Projects
Events/News

BridgeNY

Structures Design and
Analysis Programs

Bridge Detail Sheets (SI)

| Bridge Detail Sheets (USC) |

Bridge Data Information

Engineering Division - [
Office of Structures !

James Flynn, P.E., Deputy Chief Engineer, Structures [518 457-6827]

The Office of Structures is responsible for almost all aspects of bridge evaluation, design,
quality assurance and construction support. The office also is typically responsible for
large sign structures and larger culverts

Structure Management Bureau

The Structure Management Bureau provides bridge data collection and evaluation services to facilitate the preservation,
structural integrity and safety of existing bridges and to assist in establishing technically appropriate capital projects.

Structure Specialties Engineering Bureau

The Structure Specialties Engineering Bureau approves fabrication plans and processes for structural steel and precast
concrete bridges. It also approves equipment and procedures for foundation construction, changes to the plans and in the

dot.ny.gov/divisions/engineering/structures

NEWYORK | Department of

STATE OF
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UHPC Link Slab Resources

2 New York State DOT

d Currently, most of our link slab information can be
found on our Design-Build website

dot.ny.gov/main/business-center/designbuild
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https://www.dot.ny.gov/main/business-center/designbuild

NEW YORK Department of * e B S = Office of
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greovnm | Transportation =t S NS rfe Structures

Jim Scarlata, PE
Structures Design Bureau
Jim.Scarlata@dot.ny.gov
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