Third International Interactive Symposium on Ultra High Performance Concrete 2023

Use of UHPC to Rehabilitate PosiTensioned Box
Girder Bridge Decksin California

Sri Sritharan, Ph.D.( c or r e s p o ni distmguishadiProfesspiova StatdJniversity,
Department oCivil, Construction andnvironmental Engineerind\mes IA, USA, Email:
sri@iastate.edu

Philippe Kalmogo, Ph.D.17 AssstantProfessorUniversity ofNew HampshireDepartment of
Civil & Environmental Engieering,Durham, NH USA, Email: Philippe.Kalmogo@unh.edu

Nayana Sreekumari Graduate Studeniowa State UniversityDepartment of Civil,
Construction and Environmental Engineering, AmesUB8A, Email: nayanasr@iastate.edu

Gata Milla 7 Graduate Studentowa State UniversityDepartment of Civil, Construction and
Environmental Engineering, Ames, IASA, Email: gata99@iastate.edu

CharlesSikorsky, Ph.D.7 Researcltngineerlowa State Universityinstitute for
TransportationAmes, IA,USA, Email: sikorsky@iastate.edu

Abstract

Potstensi oned B OGiarirddgré s(ePguently used when spas
250 ft, especially in the western US. Due to
| oad deé hdaencdkss, of 1 htehsee fbirri sdigyleesiwe meé yins tod det er
Repl acdengkRTB@ bri dge i s dlihfifsi spuahptearia inpereosga setsisy .
made irnesearush nmr djhectUHPC deck overl ay concept
decks in GCaffidotrimoalcpwgosirm t he beonpeofsiecdi aslo | ouutti

a |l-acgke twrsderundanstsr uwcetsitoend aumdd ewi Idli fbheer ent
I n addition to demonstrating the benethes of
| arsgeaa | evitadamsmee ud { mmat et at bdeebcekhsa vrieohra boifl i t at e

UHPICaywemrder positive andipegehiang mbemaentsapadi

KeywoPdsens jBomgad;Ber;dgfeati gue UH®ICf odmakceoverl

1. Introduction

The California Department of Transportation (Caltrans) owns several thousdhast of
tensioned Box Girder (PTBG) bridgas part of the stateansportatiorsystem. Due to aging as
well as environmental and fatigue damage, these leidgebowing signs ofleterioration
primarily to their deckswhicharean integral part of thBTBG section. Replacing the decks in
these bridgebas been shown to Ipeoblematiq1). This is becausthe deck removatauses
additional deflections anahincreasen critical stresseswhich are further exacerbated due to
time-dependeneffects. Limiting these adverse effects would reqthiegeplacement ofhe deck
in smaller portions and/or shoritige box girderinside prior to removing the deckincethe
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damage ifmost of these bridges confined tathetop surface of the deck, it was proposed to
remove a thin layer of old concrdtem the deck andeplacet with UHPC. The presentation
will focus on the benefitef the newrehabilitationstrategydeveloped to improve thendition
of the CaliforniaPTBG bridgesand the expected outcomes from the plannedscgke tests

2. Analytical Study

Four prototype bridges were chosen friracurrent inventory as represented bridges for the
analytical studyThese structuresere built in the late 60s or early 7&sdinclude 1) asimple
span bridge built in 1968 in Sacramer?y atwo-span continuas straightbridge constructed in
1973 in Woodlangd3) athreespan curved bridgeuilt in Milpitas in 2004 and4) athreespan
skewed bridg¢hatwas also built in Woodland in 1978hrough systematic analyses of all four
bridges(see Fig. 1)it has been shown thasing a thin layer of UHP@r rehabilitatingP TBG
bridge decksfollowing the procedure developed for using UHPC as a deck overlay material
(2,3),will not introduce any significant changes to the deflections oratistresses. In these
analyses, two different scenarios were explored. The first option looked at rera@vitgn.
thick layer from theexisting deck surface and replacing it wath.25in. thick UHPC layer. The
second set of analyses evaluated the effects of remaViggin. thick layer from thedeck
concrete and replacing it with the5-in. thick UHPC layer. While changes in deflections and
stresses are seen, they were not found tonbeagptable to place the bridges in service for at
leasttenyears after completing the rehabilitation.

Fig. 1 Model of a twespan PTBG bridge with a thin layer of UHPC added to the deck.
3. Experimental Plan

To confirm the results of the analytical stumlyd ensure the bond between the UHPCtheadld
deck will not experience any fatigue damagkargescale test unit is being built at lowa State
University. The testinit was designedsaa halfscale modetepresentativef the different
bridges analyzedrhe unit which consists atreecells,is 26 ft long andl4 ft wide The test
unit is posttensionedising externaprestressingpars. The test unit will evaluate the effects of
the UHPC deck overlaynderpositive and ngative moment loading. The positive moment
loading will use a spalengthof 24 ft, while the negative moment evaluation will use a
cantilever span length of 9 ft (see F2). The test unit will be rehabilitated with UHPC overlay
mix from two different sppliers with no reinforcement connecting the two layers across the
longitudinal joint.The test unit will be subjectdd five sequencesf loading. Thg will include:
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1) fatigue loading under positive moment condition; 2) fatigue loading under negativernino
condition; 3) ultimatdoading under positive moment conditiah);ultimateloading under
negativemoment conditionand 5) punching shear evaluation of the deck. In addition, the
project investigates the quality of commercially available UHPC overmiags and their
characteristicancluding creep and shrinkage behavior.

4. ExpectedOutcomes

The performance of thest unitwill be used to validate the assumptions used in the analyses and
confirm the predicted results for the California PTBi@lgedecksto be rehabilitated with thin
UHPClayer. The test results will further confirm if fatigue loading will cause damage to the
interface between the old deck ahd UHPC layerand the longitudinal joint between the two
UHPC layers. The test Walso examine how the PTBG section should be analyzed under the
ultimate load condition for both the positive and negative moment condifibagroject will

also examine if any reinforcements should be included within the UHPC layer, especially in the
negative moment regions and possible adverse effects if this reinforcement is not incorporated.

Fig. 2 The test setup planned for fatigue load evaluation.
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