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carryingcapacityisthedominantrequirementtobi

satisfiedBasedontheloadcarryingcapacity,archbridge
aregenerallyrated.Hence,reliabilitymodelshouldb<
basedontheloadcarryingcapacity.Mathematically,th<
proposedreliabilitymodelisgiveninEquation(1)below:

1.Introduction

Thehistoryofmasonryarchbridgeconstructiongoesbad
some3000yearg．FromSumeriansinMesopothemiatc
modemdays,ithasappearedindifferentcivilizationsanc
indifferentgeographicalregionsintheworldAtpresent
theincreaseinloading,tra伍cfi-equencyandageofthese
structureshasresultedinstructuraldecay.Hence,safet¥
estimationintermsofremainingloadcarryingcapacityha
becomeveryinmortantissueinmasonryarchbridge
managementAspointedoutbysomeresearchers(Ng.<S
Fairfield2002),itcarmotbepredictedinareliablemarmei
becauseoftimedependenteffects,envirormientaleH碇ts
participationofnon-stnicturalelementsandetc・Tms
bridgeauthoritiesstillconsida仇emasdi伍culttoratedue
tohighdegreeofuncertaintiesinvolved
Atm電enttherearenumberofmethodsinconditior

estimationofmasonryarchbridges.MEXEmethodisone
ofthecommonlyuseddeterministicmethodsofconditior
estimation.Despiteitspopularity,itisconsideredtobe
moreconservativeapproachfordeterminingpermissible
axleloadInthispaper,newmethodologyisintroducedtc
findpermissibleaxleloadbasedonstructuralreliabilit¥
theory,whichcanaccountaforementioneduncertaintiesoi
masonryarchbridges.
Acasestudywasselectedfi-omthenationalbridge

networkofSriLankaanditwasevaluatedbothbyMEXE
methodandtheproposedreliabilitymethodBothresult
areconmaredandtheuseofMEXEmethodinmasorm

archbridgesisvaUdat園．

(1)M=PAL－AAL

Misthesafetymargin.PAListheProvisionalAxle
LoadinkNandAAListheActualAxleLoadinJcN.Both

PALandAALareassumedtobehaveasnormally
distributedrandomvariables.

Usingwell-knownrulesforsubtraction(addition)of
normalvariables,themeanofthesa企tymargincanbe
writtenasacombinationoftheiI唾nvaluesofPALand

AALasfollows:

(2)^M=似EAL－似AAL

Then,theuncertaintyofthePALcanberepresents
withthetermcalledCoefficientOfVariation(COJﾉ)ofth<
PAL.TheCOVofthePAListheratioofthestandan

deviationoftheB1LtothemeanofthePALasinEquatioi
(3)：

cov=oEAlt似EdL

TheCOPvaluecanbeusedtofindtheapAr

(3)

(4)o混乱L=COγ×似児dL2.Methodology
2.1MEXEmethod

TheMEXEmethodwasdevelopedduringWorldWarn

(1939-1945)atthemilitaryengineeringexperimental
establishmentintheUK,andithassubsequentlybeen
widelyusedthroughouttheworldThemethodwasinitially
designedtoprovidearmyo伍cerswithaquickandsimple
meansofassessingtheabil加露ofbridgestocarryout
abnormalloadingsduringthewar,beingdeveloped廿oma
permissiblestressanalysisofacentrallyloadedtwopinned
parabolicarch.Variousmodifyingfactorsareappliedto
accountfordifferinggeometries,materials,conditions,etc.
Itcanbeusedtoestimateloadcarryingcapacityofsingle
spanmasonryarcheswithspansupto18m,anditis
consideredtogiveconservativevam露whenthearchspan
isover12m.Itisrecommendedthatthismethodshouldnot

beusedwhentheaI℃hisdeformedorflatFurther,itshould
beusedonlywhentheEⅡisco皿》actedwellanditshould
notbeusedforopenspandrelarchbridges.Thisisfastand
easytouseandaccordingtothedepartmentoftransportin
UK,MEXEmethodshouldbetriedbeforeusingamore
sophisticatedmethod

Then,｡危=価γ×"麹Lｿ+･勉 (5)

IntheaboveEquations,似〃UPAL̂ d似ﾉ4AL

r印resentthemeanvaluesofthesafetymargin,theP.Aj

andtheﾉtALrespectively.Inaddition,o-w,｡授ALW

oAALrepresentthestandarddeviationsofthesafet

margin,thePALandtheAALrespectively.
Basedontheseparameters,reliabilityindexofth

bridgecanbefoundThereliabilityindex(B)ofthebridg

isameasureofitssoundness．Itcanbemathematicall、

r印resentedasfollows(ChristensenandMurotsu1986):

“
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叩

一
一β (6)

Bysubstitutingvalues:

(〃×似剛L)2千･加β＝し剛L-MAAL)/ (7)
2.2.Proposedreliabilitybasedmethodology-involving
coefficientofvariationofprovisionalaxleload
Inconditionestimationofthemasonryarchbridges,load
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Asthereliabilityindexisfound,itcanbeusedto

findthefailureprobabilityofthebridge.Failureprobability
ofabridgeisameasureitsclosenesstothefailure.Thus,二・

canbepresentedasfollows:

-い〃L一似AAL
Pf=<t> (8)

紳加"附加
Wherêisthestandardunitnormaldistribution

function.WhenPj-<崎も̂,theconditionofthebridge
issatisfactoryintermsoftheloadcarryingcapacity.Here，

吟海representstheacceptablefailureprobabilityofthe

bridgoWhen〃≧的4rcG.'咽｡rmaintenanceshould
becarriedouttoimprovetheconditionofthebridge.

FromEquation(8),似〃i,canbefoundasfollows:

VPALV-朕砂】塾塞げ-2…AAL

半似加-U-'(-ヶ】2×･加雲(9)
Ifrelevantparametervaluesaregiveninabov

Equation(9),UPAL&&besolvedtofindpermissibl

axleloadThisreliability-based/i/̂/,valuerepresentsthe

failurestrengthofthemasonryarchbridgegiventhe
presentloadingandpresumptivefailureprobability.In
otherwords,thisrepresentstheulm過teloadcapacityof
themasonryarchbridge.

2.3Acceptablefailureprobabilities
Inordertodeterminethelatesttimetorepairinterventions
forbridges,itisnecessarytoestablishanacceptancelevel
ofreliabilitybelowwhichthebridgemaybeconsidered
unsafe.Inmostofcountries,therearenocriteriaspecified
inthebridgecodesandstandardsandnoguidelinesfor
establishingsuchacceptancelevels.

Inthisstudy,amoredirectapproachforestablishing
acceptanceprobabilitylevelsbasedoneconomic
optimizationrecommendedbytheNordiccommitteeon

buildingregulationisused(Sarveswaran&Roberts1999)
Itrecommendsacceptancelevelsbasedonthe
consequencesoffailuresandthenatureofthefailuremode.

Hence,theaccetaptablefailureprobabilityof10̂isused
formasonryarchbridgeswhichcorrespondstofailure
consequcesofnotseriousandbrittlefailuresituation.

3．Casestudy
Inillustratingtheproposedmethodology,asinglespanned
stonearchbridgefromthenationalbridgenetworkofSri
LankawasselectedThisbridge,constructed1918,is
locatednearcentraltownofHattonintheA7routeandtwo

viewsofthebridgeareshowninFig.1.
Ithasthesegeometricdetails,bridgelength=14m,

clearspan=8.8m,thicknessofthebarrel=0.55mand
heightofthecompactedfillfromthecrestofthebarrel=
1.50m.
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Fig.1:Aviewoftheselectedmasonryarchbridge

Withthegeometricvaluesoftheselectedarchbridge,
initialPALwascalculatedas184.03kN.Thisvaluehasto

bemodifiedwithfivemodificationfactorsaccordingtothe
MEXEmethodThesefivemodificationfactorswere

calculatedandgivenTable1.

Table1:Calculatedvaluesofadjustmentfactors

Adjustmentfactor Valu

Forspan/rise 1.s

Forprofile 0.85

Formaterial 1.74

Forjoint {}.'

Forcondipon 0.95

ThesevaluesaremultipliedwithinitialPALandthe
modifiedvalueofPALwascalculatedas233.91kN.

Fromaxleloadmeasurements,itwasfoundthatthe
AALhasthemeanof50.7kNandthestandarddeviationof

29.03kN.Fromthecentrallimittheorem,itcanbe

concludedthatAﾉ4Lmeasurementsobeynormaldistribution
eveniftheparentdistributionisnotnormal.Formthese

values,usingEquation(9),PALwascalculatedandgivenin
Table2.

Table2:Provisionalaxleload丘omthereliabilit)ﾉmethod

αﾌofpermi
axleload

ssible

ValueofPAL(ﾊⅣ）

0.笹

174.4

0.且 0.1

201.Z 255.畠

4.Conclusions

Itisseenfromthiscasestudy,reliabilitymethodgivesthe
permissibleaxleloadasinTable2.Itisinterestingtosee
thattheMEXEmethodgivesthevalueas233.91kN.
Hence,itcanbeconcludedthattheMEXEmethodvalueof

PALisconformedtothatoftheproposedreliabilitymethod
thatassumestheacceptablefailureprobabilityof10'̂.
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