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Keg Creek Bridge Rapid Replacement - IADOT

« SHRP2 R04 ABC
Demonstration Project #1

 ABC 14 Day Road Closure

« Total Prefabricated Bridge
Elements and Systems
(PBES)

« 3-span bridge
e Jointless construction

 Predecked steel beam P
(with option for PS girders) [, S

"INTB

AENNN



Cross-Sections / Plan
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UHPC Joints




Prefabrication Yard Adjacent to Bridge

Bottom mat of deck reinforcing
nearly complete

BBRebar cage for next

jcolumn section
k_




Prefabrication Yard Adjacent to Bridge

On-Site
Prefabrication
Yard




Prefabrication of Abutments and Piers




Day 1 - Rapid Demolition

* One day demolition
« Two hydraulic breakers |
 Crane with wrecking |




A \

- Y

=
O
-
(D)
V)
V)
<
.
c
()]
&
-
-
O
<
)
V)
©
&)
(D)
| —
al
4




P
O
&
D
(7p]
(7p]
<
Q
al
o
(7p)]
©
&)
D
-
al
LO
>
©
O

* Pier caps: 168 kips

* Required two 110 ton

T
& Sy
R =N N by A AN,

nuuln,#w...mmnxﬁ.»{ .
e

NP

TAavzavzay

cranes to lift into place



Days 7 and 8 - Superstructure Elements
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Days 7 and 8 - Superstructure Elements




Days 7 and 8 - Semi-Integral Abutment
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Day 10 — UHPC Deck Closure Pours

Transverse
UHPC Joints

Longitudinal
UHPC Joints



Day 13 - Deck Riding Surface

* No open deck joints
 Integral wearing surface (no overlay)
« Extra Y2 inch for grinding for smooth riding surface
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Keg Creek Bridge Rapid Replacement - IADOT I

October 17, 2011
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Concrete Material Highlights

 UHPC joint reinforced to carry the full LL tension
* First use of UHPC for transverse joints over pier
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Concrete Material Highlights

UHPC

Full moment transfer
No post-tensioning

6 In. wide
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Concrete Material Highlights

« 5,000 psi HPC in prefabricated elements

« HES SCC at abutment closure pours and full depth
pockets

* No post-tensioning Self Consolidating

Concrete Joints




Concrete Material Highlights

* Grouted Splice Couplers
* Low seismic zone
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ABC Seismic Connections

Column-to-Cap Seismic Design Catego
Connection Type g gory

Cap Pocket? A BCD

1. NCHRP 12-74 has recommended use for limited-ductility
applications only.

2. NCHRP 12-74 tested both a limited-ductility and a full-ductility
cap pocket connection.
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ABC Seismic Connections

* Grouted Couplers
— Fast assembly
— Limited ductility

— Suitable for low to moderate
seismic zones
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ABC Seismic Connections

* Grouted Duct
— Full ductility
— Suitable for high seismic zones
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ABC Seismic Connections

« Cap Pockets
— Full ductility
— Suitable for high seismic zones
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ABC Toolkit and References

STHATEDGIC HIGHWAY NESEARCH PROGAAM

SHRP 2 Renewal Project R04

Innovative
Bridge Designs

for Rapid Renewal
ABC Standard Concepts:

ABC Toolkit The Lateral Slide
Addendum Report

‘-—fﬁ
S HR P 2 TRANSPORTATION RESEARCH BOARD

STRATEGIC HIGHWAY RESEARCH PROGRA
. = 1t o gty sty ranawi, rederty, s Sapa OF THE NATIONAL ACADEMIES

TRANSPORTATION RESEARCH BOARD
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VDOT Route 681 over Piney Run — Fairfax, VA

 EXisting structure:
— Single-span bridge
— ADT = 6,200
— Single Lane
— High number of accidents
— Bridge Length = 19’
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VDOT Route 681 over Piney Run — Fairfax, VA

« Major flood damage
at approaches in
2006, 2008 and 2011




VDOT Route 681 over Piney Run — Fairfax, VA

* Proposed bridge preliminary design in 2015

« ABC 10-day road closure to minimize traffic
Impact

« Prefabricated Bridge Elements

« 50’ long bridge with improved hydraulic opening

« 2-lanes of traffic and a 6’ raised sidewalk

* Retaining walls and 100’ long reinforced concrete
approach slabs as flood protection measure

* Improved approach sight distance
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VDOT Route 681 over Piney Run — Fairfax, VA




VDOT Route 681 over Piney Run — Fairfax, VA




VDOT Route 681 over Piney Run — Fairfax, VA
«Eé[fwwm _____ e s e S

SRS | N | S

s

i

| |
| |

| L

L 4

L__‘ ~ ! E__} Stel plle., Tyo.

\\-_ .—-'i
’\—E!I-Bﬂng profile

CONSTRUCTION STAGE | (PRIOR TO ROAD CLOSURE}

Li=mit of awcawation, typ.

Stesl plle, typ.

CONSTRUCTION STAGE Il (DURING ROAD CLOSURE)

Excavate as

nacessary for

aporaach slab, Fyo.
!

i I T I <
!  — v T  — !
Pracost rainforced concrate
opprooch povemant, Hyp.
Pracas+ =)
obutment O SN = |
stam, . R e =3 = | Flowotle flllor free draln small
=" v . =T X % a liruwﬂpqmnun with palystyrana
= 5 .l - som caoncrate, Typ.
Steal olle, typ. b

CONSTRUCTION STAGE Il {DURING ROAD CLOSURE)

g

T
T — '
Fracast ralnforced concrate
opprooch pavamert, typ.

Precast
abu
stem typ.

Steslplle, +yp.

FINAL ELEVATION



%

VDOT Route 681 over Piney Run — Fairfax, VA

fe—Face of rail

‘ Construction foint typ.

Relnforced concrate
apgrooch pavement

| [p-" cost-in-nlace
oppreoch pavement

"INTB

33'-0"Precast concrete opproach povemant

~Point of finished grade

faYa

— & Rts. 681
15-6* 156"
Pea 500 a6 |1 | 100 s =
Sidewals Snoulder Lane Lare Shaulder
l+—Face of curb Face of curb—e]

=S

=

Folnt of finished g"(ldu—\ i

23
o Y
1 3 3 |7
g e .. o .._ L \ 0 LTy LR Ty B L Ny g X ) g
D S s s s o s b s S s S £ Lt
- AR AN \_/,l L __'\_/,!__\_/__\_ i ,I__\_/__\_ __\_/,I_.\_/_\_ 4 \_/,]_U__k_ 4 \_/,!__\_/__\— \_/!\_/\— i :
40 % 21" 8 - £-0'x 2|'slabs = 32'-0" 4-0'x 21t
Exterior slob Imterior slobs Exterlor slob
40'-0" Prestressed concrete slabs
BRIDGE TRANSVERSE SECTION
varias
—& Rte. 681
varies varias
variss ) g -0 ) varies
Snaulder Lana Lane Shoulder
Face of rafl—f

2'-8" Cast-In-ploca

approach povemart

APPROACH ROADWAY TRANSVERSE SECTION

SRMA- |
< relling

Guargrall

ultra nign performance
concrete closure paur

£ steelple, ||
tyo.

DETAIL A

Y fuitra high performance
concrete closure pour

DETAIL B

- Pracost
wingwall, Typ.

Flll pocket with
self-consalidating
concrete, typ.

1-9" @ pocket. tyn.



What is UHPC?

Typical Composition of UHPC

Constituent Amount % by Weight
Portland Cement 1200 Iblyd? 285
Silica Fume 390 Iblyd? 9.3
Ground Quartz 355 Ib/yd? 8.5
Fine Sand 1720 Iblyd? 41.0
Steel Fibers 263 Iblyd® 6.3
Superplasticizer 51 Iblyd® 1.2
Water 218 Iblyd? 5.2
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UHPC - General Features

« Compressive Strength: 20 ksi to 32 ksi
High tensile capacity: 0.75 ksi to 1.5 ksi
Flexural strength: 3 ksi to 7 ksi

Early strength: 10 ksi to 12 ksi in 12 hours
« Very low creep and shrinkage

« Higher ductility

* Highly durable: Lower 100-yr life cycle cost

* Impermeability: AlImost no carbonation and
nenetration of Chloride
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UHPC - General Features

« Self Consolidating: Vibrating will result steel fiber
settlement

« Bondable to any type of existing concrete surface
« Abrasion resistance: Similar to natural rock

« Short lap length: FHWA publication - 5 lap for #5
« Workable up to an hour

« Highly flowable and castable (as low as 5/8” thick)
« Self leveling: Flows up to 10 ft

* NoO post-tensioning is required
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UHPC - General Features

Temperature VS Strength Gain Curve
Ductal® J$1212
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Concerns about UHPC

* Proprietary products
— FHWA Memorandum
— Performance based specification
— Non-proprietary mix design
— Sole source issue
« Domestic source

« Forming and casting
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TECHBRIEF

Qe

U5 Depariment of Transportation
Federal Highway Administration

Research, Development, and
Technology

Turner-Fairbank Highway
Research Center

6300 Georgetown Pike
Mclean, VA 22101-2296

www.Thwa.dot. gov/research

Development of Non-Proprietary

Ultra-High Performance

Concrete for Use in the

Highway Bridge Sector

FHWA Publication No.: FHWA-HRT-13-100

FHWA Contact: Ben Graybeal, HRDI-40, (202)493-3122, benjamin.
graybeal @ dot.gow

This document is & technical summary of the unpublished
Federal Highway Administration (FHWA) report, Development
of Non-Proprietary Ultra-High Performance Concrete for Use
in the Highway Bridge Sector, available through the Mational
Technical Information Service at www.ntis.gov.

NTIS Accession No. of the report covered in this TechBrief:
FB2013-110587

Objective

The long-term goals of this study are to facilitate the use of
ultra-high performance concrete (UHPC) among U.S. suppliers
and contractors, accelerate itz application in U.S. construc-
tion, and promote a more resilient and sustainable future U.S.
infrastructure. In pursuit of these goals, the objective of this
research was to develop a non-proprietary cost effective
UHPC characterized by compressive strength exceeding 20 ksi
{138 MPa), pre- and post-cracking tensile strength above
0.72 ksi (5 MPa), and sufficient durability properties. The mix
designs were optimized in their efficiency considering work-
ability, mechanical performance, and cost effectiveness. In
support of cost effectiveness, locally available materials were
used from selected areas in the United States. The results of
the research effort are summarized herein, and mix designs
are suggested for the following three regions: the Northeast
area in the vicinity of New York, Connecticut, and New Jersey;
the upper Midwest area in the vicinity of lowa, Minnesota, and
Michigan; and the Morthwest area in the vicinity of Washington
and Oregon.

Introduction

UHPC has attracted the growing interest of researchers in
academia, engineers in the public and private sectors, and
contractors across the world due to its highly enhanced mech-
anical and durability properties in comparison to conventional




Concerns about UHPC

Evaluation
of High-Performance
Fiber-Reinforced Concrete

[ ] ( Ost for Bridge Deck Connections,
Closure Pours, and Joints

DD/ AW, dot orgivirc/main/online_reports/pdff17-r15 paf

ntist

Approximate

Concrete Type cost ($/yd?
Regular Concrete 100
Proprietary UHPC (low volume) 2,000
Non-proprietary UHPC 850
Non-proprietary UHPC (without fiber reinforcement) 500
HPFRC - Engineered Cementitious Composite (ECC) 300
Epoxy Grout 5,000

Portland Cement Grout 1,500



Concerns about UHPC

\\

 Aesthetics concern e

Aesthetics Concern?

Metallic fibers

After 5 yrs in service




Other UHPC Applications




UHPC Connections in Precast Deck Panels

« 2017 Virginia Concrete Conference: Deck Panels
and UHPC Joints — David Liu, PhD, PE, SE

PennDOT Route 30 over Bessemer Ave
Superstructure Replacement in 57 hours
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NYDOT Link Slab

= <
= ==
T
[ % ]
D e C k J O I n t NEWYORK | Department of
i ”””””””” Transportation

"INTB

Source: 2017 NYDOT UHPC Workshop




NYDOT Link Slab
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NYDOT Link Slab
Tradltlonal Link Slab
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NYDOT Link Slab
UHPC Link Slab

COMPRESSED SYNTHETIC
SHEET GASKET \ /—ULTRA HIGH
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Source: 2017 NYDOT UHPC Workshop




NYDOT Link Slab

Traditional vs. UHPC

Traditional UHPC

UHP Concrete

Partial depth - 4"
Approx. 2’ - 3’ long
Nominal long. reinf.
High material cost
Minimal rotational res.
High durability
Precast deck/joint
replacement

—
f NEW YORK
STATE OF
oooooooo Y

Source: 2017 NYDOT UHPC Workshop

HP Concrete

Full depth

2% of span + anchor
Heavily reinforced

Low material cost

High rotational restraint
Average durability

CIP deck replacement

Department of
Transportation
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Precast Deck Connections to Girders
Hidden Pockets with UHPC

+«—— Precast deck
4 «— UHPC

«—— GSteel girder



Precast Concrete Deck with Hidden Pockets
Kosciuszko Bridge - NYSDOT

10% (Note 1) 2in. formed vent/grout
3 - 3 V3 holes @ 24 in. 0.c. (max)
1in. radius (typical) 3 9 3 3
- ) Exposed aggregate finish
i T
) ¥ e
I ~
' ' ‘
o ‘" | W
< - it
1 ! -
Grout dam (cold-formed steel g
angle) & compressible sealer \ -
Design transverse reinforcement \( in. 23] in. shear connectors as per
design
Note 1: Block out is similar to the width of the top UHPC "
flange. This width may be maintained for
wider flanges. All units in inches
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Girder End Repair

Steel Girder
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Source: 2016 FDOT FHWA Design Training



Girder End Repair

250

200

Load (kip)
g g
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Displacement (in)
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1.2

Load (kN)

Source: 2017 UCONN UHPC workshop



Concrete Girder Using UHPC

« Long span shallow concrete girder
— Minimize superstructure depth (50% reduction)

— Shorter fabrication duration (no vibration, early
strength and no mid steel reinforcement)

— No stirrups and higher number of strands
— Eliminate piers

B einforced

i Pre-stressed | Concrete

Mass (weight) of Beams
Ibs/lineal ft. 94 75 313 355

Source: Ductal® Repair/Retrofit Solutions




Bondable Interface — Alternative to grout and overlay

800 -

Tensile Stress at Failure (psi)

700 -

600 -

500 -

400 -

300 -

200 -

100 -

] Non-Shrink Grout [l UHPC
Grout Age - 14 Days
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Grout
topping

C01

base slab
ASTM C1583

- UHPC

_ Non-Shrink Grout

Source: 2016 FDOT FHWA Design Training




Seismic Retrofit

Mission Bridge — Pier
Retrofit, Mission, BC

Source: Ductal® UHPC



Concrete Pile Retrofit
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Source: 2016 FDOT FHWA Design Training



Deck Overlay

* 1-in to 2’-in bonded overlay
« Harsh environments, waterproofing & strengthening

. ) N

0, = 1
N @ [ - - ' v AP
l P X 4
y oty ™

« 1.6" thick overlay !
« $20/ft? '

S e 2 e s, S L
= ST ST E =S el

Chillon Bridge Repair Project, Switzerland

HNTB Source: FHWA Field testing of UHPC overlay



Deck Overlay

« 60% Iincrease in the moment and shear capacity

mﬂg“’“

rskll
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Source: Ductal® Repair/Retrofit Solutions



Precast waffle deck bridge panels

24 in.
25in.
55in m 0.5in.
prestressing
. strands

Cross Section
|l

‘\ grout filled pocket — l
I 1 17 1 T T T ?

[ L] I 7] Af 1

. S

5 girders (@ 8 ft. spacing

Source: FHWA UHPC for PBE Connections




Questions?
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