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Abstract:Recycledaggregatedatabasewasfoundedaccordingtoexperimentalresultsexcludedfromreferences.AnArtificialNeutral

Networkwasthenestablishedtoanalyzeinfluencesofindexesofrecycledaggregateoncompressivestrengthofrecycledconcrete.Key

indexesincludingwaterabsorptionratioandcrushingvaluewerefinallyproposed.
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　　Recyclingofconcretehasbecomeanattractiveis-
sueinrecentyearsduetopressingenvironmentalre-
quirements

[ 1-3]
.Reuseofconcrete, therefore, hasat-

tractedmoreandmoreattention.Aftercrushing, grad-
ingetc, recycledcoarseaggregate(RCA) andrecycled
fineaggregate(RFA) canbeproduced.Thesuccessful
applicationofRCAhasbeenreportedbothinChina
andabroadinpractice.TheapplicationofRFAisrare-
lyreportedinpracticeduetoitsextremelyhighwater
absorptionratio.AlthoughthereuseofRCAiscom-
mon, itisgenerallyconfinedtolowergradeapplication
occasion.Whichcanbeattributedtoweaknessesof
RCA:therelativelyhigherwaterabsorptionascom-
paredtonaturalaggregate(NA) andmicro-cracksre-
sultingfromdemolishingandcrushingintheproduction
ofRCA.A seriesoffactorsinfluencecompressive
strengthofrecycledaggregateconcrete( RAC), such
aswatertocementratio, waterabsorptionratioand
crushingvalueofRCA.Thisinvestigationwasaimedto
establishanANNmodelforpredictionofcompressive
strengthofRAC.

1　DatabaseofRAC

Manyfactorshavealinkwiththecompressive
strengthofRAC.Amongthem, mixproportionsofRAC
aswellasRCAqualityareoffirstconsideration.Water
tocementratio(w/c) playsanimportantrolegover-
ningthestrengthdevelopmentofRAC.Netw/cmeans
remainedwaterafterabsorptionofRCA dividedby
massofcement.AndRCAdiffersfromNAforitsinfe-

riorqualityandhigherwaterabsorption.Threeparame-
tersincludingnetwater-cementratio, crushingvalue
andwaterabsorptionratiowereregardedasinputvalue
whereas28dcompressivestrengthwastakenasoutput
value.Alldatawereextractedfrompublishedrefer-
ences.

2　ModelingofANN

Variousmethodshavebeenproposedtopredict
compressivestrengthofRACformanyyears.Tradition-
alpredictionwasbasedonregressionequationusually
composedofonetothreeparameters.Theprediction
doesn'taccordwiththeactualvaluesometimesdueto
bothfixedform oftheequationandthevariationof
RCAandRAC.Ifnewdataisquitedifferentfromorig-
inal, errorsmayoccur.

Artificialneuralnetwork(ANN) doesn'tneeda
specificequationform.Insteadofthat, itrequirese-
noughdataforinputsandoutputs.BPneuralnetwork
isgenerallyrecognizedasastablenetworkwitharela-
tivelyhigherpreciseforprediction

[ 4]
.ABPmodelwas

putforwardincludingthreeinputneurons(w/cratio,
crushingvalueandwaterabsorption) andoneoutput
neuron(compressivestrength).Thenumberofhidden
layersandthenumberofhiddenunitsequals1and8,

respectively.
2.1　CompressivestrengthpredictedbyANNand

byregression
Tab.1 summarizes the predicted compressive

strengthbothbyANNandbyregression.After415 ep-
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ochs, TrainingoftheBPnetworkwassuccessfullycom-
pletedandtheacceptableerrorof1 ×10

-5
canbe

achieved.
Forcomparisonofstrengthprediction, aregression

formulacanbeobtainedasshowninequation( 1) and
thecorrelativecoefficientR=0.92.

F=36.1734 +10.434(C/W) -0.3030Qa-
2.8831Wa ( 1)

WhereFrepresentsthecompressivestrengthof
RACafter28dcuring, C/Wmeansthenetcement-wa-
terratio, Qa(%) standsforthecrushingvalueofRA
andWa(%) meansthewaterabsorptionratioofRA.
Thisequationindicatesthatthecompressivestrengthof
RACisprimarilygovernedbynetcement-waterratio.
Reductionofw/ccontributestostrengthimprovement
considerably.Bothlowerwaterabsorptionandlower
crushingvaluebenefittocompressivestrengthofRAC.
1% increaseofwaterabsorptiondenotesapproximately
3 MPareductionofcompressivestrength.Whencom-
paredwithpredictionresultsbyANN, Wecansee
clearlythatthepredictionaccuracybynetworkismuch
higherthanthatofregressionequation.Forthecom-
plexityofcompressivestrengthofRAC, ANNtechnolo-
gyisthereforemoresuitableforstrengthprediction.

Tab.1　PredictionofcompressivestrengthofRAC

Actual
Strength

MPa

　　　ByANN　　　 　　ByRegression　　

Strength　

MPa

　Error　

%

Strength　

MPa

　Error　

%

39.4 41.5 5.3 41.51 5.4

36.7 35.9 2.2 40.77 11.0

49.4 47.0 4.8 45.53 7.8

2.2　RecommendedIndexesofRA
Accordingtoequation( 1) , thewaterabsorption

ratiocanbeexpressedasequation( 2):
Wa= 12.547 +3.619(C/W) -0.105Qa-

0.347 ×F ( 2)

SupposethatFrangesfrom30 ～ 60MPa(medium
strengthconcrete) andW/Ciswithintherangeof0.3
～ 0.5forsuccessfulplacingofconcrete.Themaximum
acceptablevalueofwaterabsorption, 14%, canthen
beobtained.Becausecrushingvaluedoesn'texertan
obviousinfluenceoncompressivestrengthofRAC, the
requirementsarethesameasspecifiedforthenatural
aggregate.

3　Conclusions

BPnetworkcanpredictcompressivestrengthof
RACwitharelativelyhigheraccuracyascomparedto
traditionalregressionmethod.Netwater-cementratio
affectscompressivestrengthofRACsignificantly.In
addition, bothwaterabsorptionbehaviorofRAandits
crushingvalueinfluencecompressivestrengthofRAC.
Tomanufacturemediumstrengthconcrete, theupper
limitofwaterabsorptionratioofRAis14%.
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摘　要:根据文献试验数据建立了再生骨料数据库。建立了包括三个输入神经元 (净水灰比 、 压碎值和吸水率 ) 和 1个

输出神经元 (抗压强度 ) 的 BP网络。提出了压碎值 、 吸水率等关键指标的规范建议值。
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