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PROPOSAL FOR NEW STRUCTURE TAKING ADVANTAGE OF
HIGH-STRENGTH CONCRETE TO REDUCE THE WEIGHT OF

PRESTRESSED CONCRETE BRIDGES

(Translation from Proceedings of JSCE, No.490/V—23, 1994)

Kunitomo NORITAKE Hiroshi SHIMA Kiyoshi KOHNO

This paper proposes a new type of structure, which we call the slab-truss structure, in which
precast slabs and truss-shaped web sections of high-strength concrete are combined so as to
avoid secondary stress resulting from prestress. The mechanical properties of this structure
have been ascertained through loading tests on large-scale models, and by investigations of
the shear transmission mechanism. Comparison with conventional structures shows that the
new structure is rational and of practical benefit in reducing the weight of prestressed
concrete bridges.
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1. INTRODUCTION

The use of concrete structures in civil engineering has undergone a remarkable
transformation since the invention of prestressed concrete (PC). A French engineer, E.
Freyssinet, first made use of prestress in 1928,and the concept was introducedinto Japan
around 1949. The cantilever method (or Dywidag method) was then introduced from
Germanyin 1958. Sincethen, Japanesecivil engineershavebeenconstructinglong-spanPC
bridges, includingsome of very large scale. In a long-spanbridge, however,the weight of
concretebecomesa disadvantage,and furtherdevelopmentin PCbridgetechnologywill not
be possible unless concreteweight can be reduced. Various proposalshave recentlybeen
madefor solvingthisproblem.

One such solutionis to use high-strengthconcrete. If high-strengthconcretewere used to
constructPC bridges,1)2)structuralmemberswould be lighter and as a result spans couldbe
made longer. Thiswouldreducethe totalweightof the bridgeitself, therebyeliminatingpart
of the cross-sectional force imposed by deadweight. (Deadweight generally accountsfor
70% to 85% of the total sectionalforce on a bridgestructure.) In addition,the bridge piers
and foundations would bear smaller loads. Consequently, the total weight and count of
structuralmembersandmaterials wouldbe lower, leadingto improvedeconomicefficiency.

At the same time, certain serious problems are afflicting the constructionindustry at the
moment, includinga shortageof young workers, gradual aging of skilledlabor, and safety
concerns in the working environment. These problems are being solved by streamlining
constructionmethodsand proceduresthroughmechanizationand other meansofaccelerating
the overall construction process. An example of this is the precast segment method.3)-6)
Weightreduction is also an important issue in using this method, since it streamlinesthe
fabrication,transportation,and erectionofprecastsegments.

In this paper, we propose a new structure based on the pre-cast segmentmethod using a
combinedupper and lower slab members of 80-100MPa high-strengthconcrete and truss-
shaped web members of 80-100 MPa high-strength concrete in such a way as to avoid
secondarystressesresulting from prestress. To verify the validityof the proposal, loading
tests on large-scale models and investigations of the shear transmissionmechanism were
carried out to elucidate its physical characteristics. A model of the actual structure,
consistingof three spans, was also built to allow comparisonwith conventionalstructures
andidentify theadvantagesand disadvantagesof theproposal.

aim

High-strengthconcreteis the key to reducingthe weightof PC bridgesbuilt usingtheprecast
segmentmethod, but there are some problemsinvolved in its use. If the methodsused in
conventionalstructuresare adopted,however,certainproblemsarise, as fouows.

2.1 The PC Box Girder Structure

The thicknessof the websin a PC box girderstructureis generallydeterminednotaccording
to bendingstressor shearyield,but ratherfromstructuralconsiderationssuchas the PCsteel
bar spacing, the space needed for vibration compactors during concreting, or standard
coveringvalues. Making the structuralmembersof a PC box girder thinner wouldreduce
sectionalrigidity and enhance yield, but this wouldalso aggravatedeformation,probably
resultingin deflectionorvibrationproblems.
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Inputtingup a PC boxgirderbridgeusing theprecastsegmentmethod,eachsegmentwould
weigh as much as 25 to 80 tons, making transportation and erection dependenton the
conditionsunderwhichaparticularstructureis beingbuilt.

Mosterectionmethodsfor boxgirdersare basedonassemblingprecastmembersdividedin
the directionnormal to the bridge axis. Not many methods have been developedwith
sectional arrangements or with structures designed to make the better use of the
characteristicsof theprecastsegmentmethod.2L2&
With this type of structure, prestress is
ideally introducedinto the slabconcrete,but
becauseof thehigh rigidityof thesteel webs
in the direction of the bridge axis, the
amount of prestress is constrained by the
webs and full advantage of its benefits
cannot be taken.7) Also, the introduced
prestress is further transferred to the steel
webs with the progress of creep and dry
shrinking. This transfer causesremarkable
dislocational shear force at the joints
between the steel webs and the concrete
(Figure 1).
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Fig. 1: ShearForce due to Creep and
Dry Shrinkage

A modifiedmethodproposedto solvethis problemwith the steelwebs involvespleatingthe
steel webs, thus allowing free deformation in the axial direction. This modified method,
however, lacks sufficient rigidity since the pleated webs are free to deform in the axial
direction. Full practical implementationrequires many problems to be clarified: how to
evaluatetorsionalrigidity or shearrigidity, and how to evaluate the stress conditionswhen
loadedwithbotha torsionalmomentand shearforcesimultaneously.

In additionto theabovetwomethods,a structurein whichtheupperand lowerconcreteslabs
arejoined with steeltrusses6)has beenproposed. Withthis structure,though,theproblemis
the considerablecomplexityof force transferat trussnodes where two differentmaterials-
steel andconcrete- cometogether.

2.3 PC Truss Structure

The truss structure features a prevailing axial tension, and all structural members can be
placedunder compressionby introducingprestress to tension them. With this structure,if
memberswithsmallersectionsarejoined, extraflesh can be removedfrom the cross section
of each, giving satisfactoryweight reduction. This feature would appear to make the PC
truss structurerelativelyuseful in extendingthe length of PC bridges. A structurein which
the trussand the floor framingare not integratedis the norm in PC truss bridgesconstructed
so far.9)-l4)This is probablyfor ease of structuralanalysis. In the overallstructuralscheme,
the moorframing is regarded simply as an additional load and is never treated as a load
bearingcomponent. Cross framing is also required to resist torsion. As a result, the truss
deadweightis greaterthanthat ofa PC boxgirderby about 20%.

The truss structure comprises many components, with each truss member acting on its
neighborsto introduceprestress. As a result, secondarystress arises,dramaticallyreducing
the prestressefficiency. Thereare some examples,althoughstill very few, of the slabs and
trussmembersbeingcompounded(ina structurecalledthe compositetrussstructure). These
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include the Bubiyan Bridge, the Sylans Bridge, and the Glacieres Bridge.15),16)
Unfortunately,with this modified method, the prestressingprocess - which follows the
assembly of precast members - causes large secondary stress and fails to reduce the
sectionalareaof members,so weightreductionis not possible.

With conventional precast truss bridges, nodes are usually cast in place so as to absorb
constructionerrorswhicharise duringassembly. Iiowever, since the strengthof the cast-in-
situ joints is lower thanthat of the precastsections,the high strengthof the precast concrete
memberscannotbe fullyutilized.

It is thusclear that the conventionaltruss structurefailsto makefull useof the characteristics
of high-strengthconcretein reducingthe amountof concreteneeded.

3. PROPOSED STRUCTURE

High-strengthconcretemay be effectivelyusedin reducingtheweightof a PC bridgein the
followingways:

(1) Utilizing the compressivestrengthof high-strengthconcreteto reducethe sectionalarea
of structuralmemberswhile maintainingthe emciency of the sectional coefficientfor
theentirestructuralsystem.

(2) Introducing prestress to minimize the secondary stress while minimizingthe loss of
introducedprestress.

(3) Precasting structural members in a workshop to improve precisionand quality, while
usinga connectionstructurethat requiresno in-situconcretecasting.

The structureproposedhere is a slab-trussstructureconsistingof upper and lowerslabs and
trussmembers. The slabs provideall the componentsof the truss structure- chords,cross
beams,cross frames,and floor framing- in one element,while the trussmembersact as the
web. Each memberis precast usinghigh-strengthconcrete. The structureis dividedinto a
suitablenumberof units consideringmanufacture,transportation,and erection. The method
of assemblingtheprecastcomponentsis shownin Fig. 2 and the featuresof this structureare
describedbelow.

(I) Prestress is introduced into all precast slabs and trusses (Fig. 2 (a) and (b)). Once
assembledas shownin the figure, the membersare prestressedwith no constraint. The
prestress introduced into the upper and lower slabs for any given section should be
designed to cause equal strain in the upper and lower slabs. This ensures that the
secondary stress caused by concrete creep after completion is lower than that with
conventionalmethodsin whichprestressis introducedafter assembly.

(2) Precastmembers are heldtogetherby the fHctionbetweenmemberscausedby prestress
in theperpendicularPC steel (Fig. 2-(c)). Using this connectionmethod,the temporary
shoring needed with conventional cast-in-situ nodes is unnecessary, thus helping to
reduce labor requirements. Further, constructioncan proceed to the next stage after
assemblywithoutwaiting for concreteto harden. This improvesthespeedof theprecast
segmentmethod. Afterassembly,a filler (non-shrinkingmortar)is injectedinto the joint
clearancein the connections,thus integratingneighboringtrussmembers.

(3) By shop-castingall structuralmembers,thequality of the high-strengthconcrete can be
properlycontrolledand valuesof creepanddry shrinkagekeptsmall.
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4. MODEL TESTING
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Fig. 3: Example of Connectionof Floor Slabs
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Fig. 4: Shape and Size of Models

Ai&
i&
The test modelswere designedsuchthat the form of failurewould be shear failure,resulting
from torsion inducedby a concentratedeccentricload. Tension-inducedyielding of the PC
steel bars in the trussmemberswas designedto precedeconcretefailure in eitherthe slabsor
thetrussmembers.

Figure4 shows themodel used in the tests. It is a doubleWarren-typetruss structurewith a
spanof 5.6 m,a heightof 0.87 m,and top and bottomslabswithoutverticalmembers.

The structuralmembers were eight upper and lower slab blocks, each 80 cm wide x 7 cm
thick (sixstandardblocks and two ridge blocks);seventruss members,6 cm x 10 cm, along
each side (for a totalof 14on the two sides); and a cast-in-situedge cross beam. The slabs
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and truss memberswere prestressedindependentlyand then integratedinto one monolithic
structure.

The slabs and trussmemberswerejoined usingPC bars such that they were heldtogetherby
the frictionresultingfrom the prestress. To be more specific, the axial tension actingon a
truss member is transferred to the slabs by the friction resulting from prestress in the
connecting PC bars, and then, also by friction, on to the adjacent truss member as axial
tension. The coefficientof friction LLbetweenmembersis usually1.0,assumingthat epoxy
resin adhesiveis used,17)but so as to incorporatea safetyfactor of 2.0, the coefficientwas
assumedto be 0.5 for designpurposes.

In the structural analysis of the model multilayered truss
structure,thejoints betweentrussesandslabs weretakento
be rigid. Locally,small bendingmomentsact on the truss
members,but this was solvedby addingreinforcingbars to
thetrussmembers.

To analyzethe stress aroundthejoints, a simulationof the
trussmembers(tensileand compressive)and slabmembers
at any connection was analyzed using three-dimensional
FEM. The results of this analysis led us to change the
structure, such as by increasingthe tensile strength of the
reinforcingbars at the joint and local reinforcementat the
joints (Fig. 5).

Fig. 5: FEM Analysis of Joint

The design strength of the mortar was 80 MPa. Steel bars (SBPR1080/1230)were used.

L2i&
Each block making up the test model was made of mortar. The mortar mixture used in the
tests is shown in Table 1. The cement was high-early-strength Portland cement (specific
gravity: 3.14), , the fine aggregate was river sand (specific gravity: 2.60; water absorption:
1.90%;fineness modulus: 2.82), and the admixtureused was naphthalenehigh-performance
water reducing agent (HWRA) (specific gravity: 1.20). PC steel bars 13 mm in diameter
were positioned as the transverse links between upper and lower slabs and truss members,
and 11mm barsjoined the truss members. SD295D6 mm bar was usedfor reinforcement.

Table 1: MortarMix Proportions

The model wasmanufacturedin exactlythe same way as the full-sizestructureshown in
Fig.2. Slabsand trussmemberswereindependentlyfabricatedas precastsegmentsandthen
assembled. Theassemblyprocedurebeganwith the layingof upperand lowerslabsonthe
shoringto addstress to the PC steelbars in the slabs. The prestressedtruss memberswere
thenmovedintoplacefromthe sideandengagedwiththe appropriatepointson theslabsand
joined withPC bars. Asthejoint wasmade,epoxyresinadhesivewasappliedto ensurethe
transferof shear forces,and after applyingstress, groutwas appliedto the PC bars. This
procedure absorbs any fabrication errors that may occur during assembly, making the
structureeasierto assemble.
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Two-pointstatic loadingtests werecarriedout usingthe loadingapparatusshownin Fig. 6
and Photo 1. The loadingbeam,whichwas parallelto the bridge axis, was positionedoff-
centerfromthe bridgeaxisso as to inducestrainin the model.

Jack

JiTTI

Load ceLI

LoadJ'ngbeam

Bi

Fig. 6: Loading Methods Photo 1: LoadingApparatus

L2iii9ading_ggtb9d

Loadingwas applieduntil the crack limit state was reached, at whichpoint it was released.
The load was then reapplied,increasingit till the cracklimit state was exceeded,once again
removing it after noting the elastic behavior, cracking load, and crack positions. Final
loading then continued until the ultimate loading condition (yielding of the diagonal
tensioningPC steel bars),notingtheultimateshearstrengthand the typeof failure.L3j*
The measurements,apparatusused, and measuringmethodsused in the loading tests are
describedbelow:

¥ Theload and reactionat the supportweremeasuredfromthehydraulicjack placedonthe
modeland load cellsunderthemodelsupports.

¥ The displacementat the lower slab nodes wasmeasuredusing displacementgauges(dial
gauges)placeddirectlybelowtherightand left trussesand thelowerslabnodes.

¥ The strainin the slab concretebetweenthe upper and lower supportsand in the PC steel
barswasmeasuredwithstraingaugespastedonthe surface.

' Thestrainin trussmemberconcreteand PC steelbarswasmeasuredwith straingaugeson
the concretesurfaceof tensileand compressivetruss membersand with straingaugeson
thePC steelbarsofthe trussmembersunderthe greatesttensileloading.

' The localstrain at the jointsbetweentrussesand slabs and at truss membercrosspoints
wasmeasuredwithstraingaugesaffixedto theconcretesurface.

4.3 Test ResultsandDiscussion

iiijBBiRiARgBSjBegbg

The relationship between the strain in the PC steel bars and the load acting on the truss
member under the greatest tensile loading is shown in Fig. 7. In the truss members
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measured, cracks appearedat a load of 350 kN. The PC steel bars in the truss members
yielded at a load of 560 kN since, after initial cracking, all tensile force acted on them,
causinga suddenrise in stress. This type of behavioris not that generallyobservedin the
shearfailureof PC-reinforcedwebs,but is in factcloserto thatof truss membersunderpure
tension.

The relationship between load and mortar strain in the truss members under the greatest
compressiveforce is shownin Fig. 8. The strain in compressivetruss membersgradually
increasesafter the load reaches the level at which crackingfirst begins to appear in tensile
trussmembers(350kN). The final strainwas far greaterthan theoreticalvalues for ultimate
loadingconditions. This is because the rigiditydecreasesas a result of cracksin the tensile
trussmembers,causingtheaxial tensionactingon the trussmembersto be re-distributedand
concentratedon the compressivetrussmembers.
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Measuredvaluesofstrain in theupperand lowerslabscomparewell withtheresultsof three-
dimensionalFEManalysisfor averagedstresson the upperand lowerfaces,but stressvalues
on the upper and lower surfacesare different.
axial tension, are locally affectedby bending.

i2i&
Figure 9 shows the relationship between
imposedload and verticaldeformationon the
right-hand and left-hand sides of the lower
slab cross section. The difference in
deformationbetween the left and right sides
remainssmalluntilthe loadinglevelatwhich
cracking begins to appear in the truss
members(350 kN). This smalldifferencein
deformationdue to torsion agrees quite well
with the value calculatedin considerationof
warpingtorsionin theupperand lowerslabs.

Althoughslightlygreater than the calculated
value when loading was relatively light, the
deformation grew to exceed the calculated
valueas the loadincreased.

This may be becausethe slabs,although under
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Fig. 9: Load-Deflection Relation
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In the theoreticalmodel, thejoints betweentruss membersand the slabs are assumedto be
completelyfixed. However,in reality,smallrotationalforcesact on thejoints whenthe load
is stillsmall. This wouldprobablyexplainthe aboveobservatio-n.Whenthe loadrose over
400kN,deformationsuddenlysoaredas therigidityof thetrussmembersfelldue to cracking
and crack-inducedplasticrotationat theslabjoints.L3i&
PC steel bars in the trussmembersloaded with the greatest tensile force yieldedat a load of
560 kN, compared with the theoreticalyield load of 520 kN. The actual yield point thus
agreeswell with the theoreticalvalue obtainedfrom the analysisof the entire structureas a
truss.

The joints betweenthe slabs and truss memberssuffered little deviationat the design load,
proving that their yield strength is adequate. However, under ultimate loading conditions,
cracking occurred around the slab joints. This is because the structure depends solely on
fhction betweenthe slabs and truss members,so the compressiveforces on truss members
are transferred to the area around the slabjoints and then on to adjacent truss members as
tensile force through the joints. This caused cracking as significantlocal stress built up on
the slab joints (Fig. 5).

5. LOADING TESTS FOR SHEAR FORCE TRANSFER MECHANISM

5iLPBq2gSa9fiba3ks$

On the basis of the results given in the
previous section for full-length model
loading tests, a mechanism for directly
transmittingtheshear forcethroughthe truss
memberswasadded to thejoints. This was
achieved by integrating adjacent truss
membersusinginsertboltsandhigh-strength
mortar, thus ensuring that the vertical
component(shearforce) of axial tensionon
one truss member would be directly
transferred to the adjacent truss member
(Fig. 10).

Compressivediagonalmember

Fig. 10: Shear Transfer Mechanism

In thesetests, the purposewas to identifythe mechanismby whichshear forceis transferred
between truss membersand to quantify the yield strength. Thus, taking as parameters the
presenceof washersat bolt heads, the shapeof the concretefinishat the joints, the quantity
of reinforcement,andthe angleof the constructionjoints,a modelwas constructedfor usein
loadingtests.

5.2 Model

Theshape and dimensionsof the modelare shownin Fig. ll. Thejoint clearancesbetween
memberswerefmedwithhigh-strengthmortar. Theparameterchangesmadeduringthetests
were (1) the absence or presence of washersat bolt heads, (2) the concrete finishat the
constructionjoints, (3) thequantityof reinforcementin the directionnormalto the bolts,and
(4) the angle betweenthe loadingaxis and the face of thejoints. Test conditionsare shown
inTable2.
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The design standardstrengthfor the high-fluidity,high-strengthmortar used in the model and
to fill the joint clearances was 80 MPa. The bolts used to limit deviation were 12 mm in
diameter (M12)with a thread length of 70 mm.

Table2 Experimentalconditions
T -5
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Fig. 11: Shape and Size ofModels

5.3 TestResults andDiscussionL&
According to the relationship between shear force and bulk area per bolt, the shear force
increasesin proportionwith bulk area (Fig. 12).i2i&
The constructionjoints were filled with mortar to give an irregular surface finish, thereby
increasingadhesionat the joints. This inhibitedshear dislocationbetweenthe block and the
joint (Fig. 13).
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This model, in which reinforcing bars
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were placed in the loading axial direction - or
perpendicularto the bolt - to increase resistance to shear at the joints, failed through
collapseof concretein thevicinityofinsertsin the block. Therelationshipbetweenshear
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strengthandthe quantityof reinforcement
canbe usedto deducewhetheraparticular
quantity of reinforcement will ensure
adequateshearstrength,thus givingsome
information about the condition of
construction joints and the effect of
reinforcement (Fig. 14).

L4i_BfQPQSgdW

The shear yield, Vu, is expressed as the
sum of Vs, the proportion borne by the
bolts, Vc, the concrete7sability to transfer
shear on the crack surface, and ct, the
proportion borne by the reinforcement.
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Fig. 14:RelationshipBetweenShearStrength
and ReinforcementRatio

Vs and Vc were obtained, respectively, using the stud equation proposed by Fisher et al.
based on the dowel effect18)and the shear transfer yield equation given in the Standard
ConcreteSpecificationsof the Japan Societyof CivilEngineers.19)To find a, an empirical
equationforVuis determinedfrom test resultsin whichmortarwitha concrete strengthof 80
MPa is used, as follows.20)

vu = 1.3NAbJE+o.o9(n-1)AbcJE+LL(91p+Gn))Ac +1053q

(Ll= 0.0085JE)

where
N
Ab
fc

Abc

P
Gn
q:
Ac :

numberof boltsperblock
boltcrosssection(cm2)
compressivestrengthof concrete
(MPa)
bulk area, other than bolt,
including bolt head and washer
(cm2)
bolt arearatio

verticalcompressivestress(MPa)
shearreinforcementsratio
shearedsectionarea (cm2)

The ratio of test values to values calculated
using this shear yield equation was
satisfactory, ranging from 0.90 to 1.37 as
shown in Fig. 15.
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Fig. 15: ComparisonBetween Test Values
and Calculated Values

i5iJAppBs4iQA9f*
Adoptingthis mechanismin the truss membersintegratesadjacentunitsinto a monolithic
structure,ensuringa directtransferof the verticalcomponentof axial tension. As a result,
only the horizontal componentof axial tension and the load imposed by the slabs are
transferredvia theslabjoints, significantlyreducingthe forcetransferredbythejoints. This
minimizesthe localstressthat causescrackingat the slabjoints. Useof this mechanismalso
preventsexcessivedeformationwithoutriskingplasticrotationat thejoints.

-37-



6

i&
6.1 StructuresUsed

iij&
Two structureswere adopted for trial design: the slab-truss structure, as proposed in this
paper, and the compositetruss structure, examples of which are the Bubiyan, Sylans, and
Glacieres bridges. The cross-sectionalforce, prestressing force, amount of concrete used,
andthe quantityofPC bars used werecompared.

The cross-sectionwas that of a standard road bridge with an effectivecarriagewaywidthof
10.0 m. Structurally, it was a continuousAeck bridge with three spans. In order to
investigatethe applicabilityof thestructureto variousbridgescales,test designswerecarried
out for threecenter spanlengths: 50 m, 75 m, and 100m. The side spanswere made80% of
the lengthof thecenter spans.

A typical structureis shownin Fig. 16,while the main dimensionsaregiven in Table 3. All
of the PC steel bars are incorporated into the members. The length of each truss in the
direction of the bridgeaxis was made 2.5 m for ease of manufactureand transportation. To
reinforce the transversal rigidity of the bridge, intermediate cross-beams (precast) were
placed at 25 m intervals.

The concreteused for the slab-trussstructure
was a high-strength concrete with fTck= rm
1000 kgf/cm2 (98.0 MPa), while the
compositetrussstructurewasmadewithfck
= 400 kgf/cm2 (39.2 MPa) concrete taking
into account the in-situ casting of the slabs.
According to the JSCFs High-Strength
Concrete Design and Construction
Guidelines (draft), the allowable bending
compressive stress at the design load is fca
= 250 kgf/cm2 (24.5 MPa) and 140 kgf/cm2
(13.7 MPa) in these two cases, respectively.
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Fig. 16:Structure Diagram

Table 3: MajorStructuralDimensions

Figuresinparentheses indicateslabthicknessand truss w'Ldthabovesupport.
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T y p e stu d ie d S la b -tru s s s tru ctu re C o m p o s ite tru s s stru ctu re

S p a n (m ) 5 0 7 5 1 0 0 5 0 7 5 l o o

H e ig ht H (m ) 3 ,3 5 .0 6 .7 3 .3 5 .0 6 .7

s ta b th ic k-

ne ss t (c m )

U p p e r s [a b 2 0 2 0 2 0 2 7 2 7 2 7

L o w e r s la b 2 0 2 0 (2 0 (3 0 ) 2 7 2 7 2 7 (3 5 )

S e c tio n a l

a re a A (m 2)

U p p e r s ta b 2 .2 4 2 .4 0 2 .6 0 3 .0 3 3 .l8 3 .4 0

L o w e r s la b 1.4 4 1.6 0 1 .8 0 l .9 5 2 .lO 2 .3 2

T ru s s T l,2 (C m ) 3 0 x3 0 (3 5 ) 4 0 x 4 0 4 5 x 5 0 4 0 x 5 5 5 0 x6 0 (7 0 ) 6 0 x 7 0 (9 0
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Precast components of the slab-truss
structure were fabricated in a yard set up
behindthe abutment. Upper and lower slab
sectionswere fabricated independentlyand
prestressed in the direction of the bridge
axis. Then the truss members, already
prestressed,wereplaced betweenthe upper
and lower slabs and joined with connecting
steel bars (Fig. 2).

Sectionfabhcationyard Launchinggirder

rT Temporary
support

Abutment

Launchingequipment
Bridgepier

Fig. 17: Erection Diagram

The length extended in each launching was four sections (10 m). Fabricatedsections were
moved forwardusing a launchingmachine,and theprocess wasrepeated untilthe bridge was
complete (Fig. 17).

In the case of the compositetruss structure,after integratingthe precastmemberswith the
cast-in-situupperand lowerslabs,the assemblieswerelinedupin thedirectionof the bridge
axis forprestressing. A temporarysupportwasconstructedin each spanfor the launching
process. A launchinggirder,of lengthequal to half the distanceto the temporarysupport,
wasattachedto the tip ofthe trussto reducethe sectionalforceduringerection.

Large compressiveforces act on the truss membersas they pass the supportpoint during
launching. Structuralmemberswere thus designedto ensure that this compressivestress
duringerectionremainedwithintolerablelimits.

6i2&Lii&
In computingthe cross-sectionalforceon componentsof the slab-trussstructure, the nodes
were regarded as rigid; that is, the structure was analyzed as a truss structure with axial
tension,bendingmoment,and shearforceactingon each member.

The membersof the slab-trussstructurewere reducedgreatly in size by usinghigh-strength
concreteand ensuring that prestress causes no secondarystress. As a result, the sectional
force due to the dead weightwas reduced. The axial tension at the design load was about
18% and 259Tolower, respectively, for spans of 50 m and 100 m as compared with the
compositetrussstructure. This improvementincreaseswith longerspans.

L2iRfeSke55iagbd

The numberof 32 mm-diameterPC steelbars (SBPR930/1230)- whichcan take a loading
of 50 t each - required for the major cross-section is shown in Table 4 for the cross-
sectionalforcescalculatedfor the completedstructureand thoseduringlaunching.

In placing PC steel bars in the slab-truss structure, the number of bars neededin the upper
and lower slabs for any given section was calculatedas required according to the tension
expected in the members. In doing this, the bars were placed so that the strain due to
prestressingin the upperand lowerslabs would be equal, and the compressivestress on the
memberswas then checked. Similarly,the numberof PCbars requiredduringlaunchingwas
calculated.

For thetruss members,the numberof PC bars was chosensuch thatequalstrain wouldoccur
in all truss members, whether tensile or compressive, in order to check tensile and
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compressivestress on the members. In addition, the number of bars was chosen to allow
jointing betweenthe slabsand truss members.

Table 4: Numberof PCBars per MajorSection

Figures in parentheses indicatenumberof bars requiredforerection by [aunchingt

The introductionof prestressto the slabs and truss membersis made possible,as explained
above,byusinga high-strengthconcretewithgoodtoleranceto compressivestress.

In the compositetruss structurethe quantityof steel was calculatedin the usual way for the
designcrosssectionand for the stressduringerection. Thiscalculationtakesinto accountthe
secondarystressoccurringduringconstruction. It was alsonecessaryto release someof the
prestress,sincethecompressivestresson the memberswouldexceedlimitsif thebars remain
in full tensionafter completion.

L3iiSBg2AdafyjAeBSARE@

In the slab-trussstructure,theprestresschangeswith concretecreep,since the structuraltype
during erection differs from that after completion. The change in secondarystress induced
by prestressingwas calculatedusing the creep theoryequationproposedby Prof. Inomata.21)
The creep value adopted in this calculation was @= 1.5 at the time construction was
completedand thereafter. As mentionedabove, however, the PC bars were placed so as to
eliminateas far as possible differencesin strain levels in the upperand lower slabs and the
truss members. As a result, very little secondarystress occurs. On the contrary,with the
composite truss structure, a secondary axial tension of 25% to 30% of the primary axial
tensionarises, so additionalPC bars areneededto counteractit.

6ii9gaBd@By9_G9gP&Lij&
We express the amountof concrete used as the ratio of average structuralmemberthickness
to deck surfacearea (m2).

Figure 18 comparesa numberof structures:slab-truss,composite truss, non-compositetruss,
andPC box girder (cantileveredand launchedconstruction). The average structuralmember
thicknessis lower in the caseof the slab-trussstructurethan for any otherstructuraltype, and
is 25% to 30% less thanthe figure for a composite truss structure,dependingon the span. It
is also lower than the figure for PC box girder structures, which account for the greatest
numberof existingstructures.
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Typ e stud ied S )a b-truss structure C om posite truss structure

S pan (m ) 50 75 100 50 75 100

S id e

span

U ppe r slab 2 4 (lO) 4 2 (18) 6 0 (26 ) (l4) (24) (38)

Low e r stab 18 28 42 26 40 62

S uppo rt U ppe r stab 24 42 64 22 42 70

Low e r slab l6 (6) 28 (12 ) 44 (18 ) (16) (22) (32)

Inte rm ediate

span

U ppe r sla b 24 (lO) 42 (l8) 60 (2 6) (l4) (24) (38) -

Low e r sta b 20 30 42 32 48 70

T russ 4 (2 ) 6 (4 ) 8 (4) 4 (2 ) 6 (4) 10 (6)
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Figure19comparesthe amountof PC steelbarsused in the differentstructuraltypes. Inthe
caseof the slab-trussstructure,the requirementis lowerby about5% to 25%comparedwith
thecompositetrussstructureand thePC boxgirderstructureasthe spanincreases.

This is possiblebecausethe cross-sectionalareaof thestructuralmembersis less- resulting
in improvedprestressingefficiency- andbecausea newprestressingapproachis introduced
thateliminatessecondarystress.
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Fig. 18: Average Member Thickness Fig. 19: Quantity of PC Steel Bars Used

7. CONCLUSION

The slab-trussstructureproposedin thispaperhas beensubjectedto extensivetesting,both
large-scaleloadingtests andloadingtests to determinethe sheartransfermechanism.Test
design of actualstructureshas also beencarriedout basedon this structure. As a result of
thesetests,thefollowingunderstandinghas beenreached.

(1) Thestressbehaviorofa slab-trussstructureunderconcentratedstaticloadingagreeswell
with design values,verifyingthat this new structurecan be analyzedas a normaltruss
structure. Thestructurewas foundto be highlyrigidundertorsionalstress compared
witha truss structurewithno compositeslabs.

(2) Theproposedstructurehas sufficientyieldstrengthagainststaticloadat thedesignload
and ultimateloadingcondition.

(3) The frictionaljoints betweentruss membersand slabs functionsproperlyat the design
load.

(4) A two-modejoint, makinguse of frictionas wellas a direct shear connectionconsisting
of insert boltsand mortar filling,achievesconnectionsbetweenprecast membersof very
high reliability.

(5) Effective use of high-strengthconcrete coupled with the new prestressingapproachfor
reducedsecondarystress allowssignificantreductionin the deadload.

(6) The proposedstructure allows spans of 50 m to 100 m to be constructedby launching,
therebyoffering superiorweight,reducedmaterialuse, andeffective useof prestress.
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In conclusion,the slab-trussstructureproposedin this paperhas beenproven to be a rational
and effective solution to weight reduction and precasting. In practical application,joints
betweentrussmembers and slabs shouldbe checkedfor the yieldingin the case of the two-
modejoints, and their constructabilityalso needsto be verified. Currently,loading tests are
beingimplementedon a large-scalemodel ofa structurewith these two-modejoints.
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