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Abstract:Lowertensilestrengthandworsetoughnessofcementitiouscompositesarethedominantreasonofincidentalcracksandde-

teriorationofdurabilityforreinforcedconcrete(RC)structures.TheexperimentalresultsindicatethathighelasticmodulesPolyvinyl

Alcohol(PVA)Fibercanenhancetheductilityofthecementitiouscompositesandpresentstrainhardeningandmultiplecracks.Con-

sequently, durabilityofRCstructurecanbeimproved.Force-deflectioncurvesofPVA-SHCCwithdifferentmixproportionsandload-

ingvelocitywereachievedbyfour-pointbendingtests.FractureenergywascalculatedbyCONSOFTsoftwareaswell.Theresultsshow

thatsilicafumeincreasesthecompressivestrength, whilethemaximumflexuralloadcapacity, deflectionandfractureenergydecrease.

HighperformanceofmethylcelluloseimprovesthebrittlenessofPVA-SHCC.Whentheloadingvelocityisreduced, numbersofmulti-

plecracksmanifoldandstrainhardeningbehaviormanifestmarkedly.ThemaximumsanddiameterofSHCCislargerthanthatofEngi-

neeredCementitiousComposites(ECC).Althoughtheultimatetensilestrainislowerthanthatofthelatter, it'ssuitableforapplica-

tion.StudyontoughnessofSHCCisoneappliedmethod, whichcanoptimizeSHCCdurabilityoriented.
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　　Thebrittlenessofcementitiouscompositescause
crackseasilyinRCstructures.Consequently, stiffness
ofmembersisreducedandcorrosioncontaminantwill
haveanaccesstothestructure.TheRCstructuresare
deterioratedandservicetimeisshortenedsimultaneous-
ly.Applyingfibertoreducethebrittlenessofinorganic-
bondedcompositeshasexistedforthousandsyears.
HighmodulusPVAfiberhastheadvantagesuchasin-
nocuous, hydrophilic, alkali-resistant, acid-proof,
daylightageresistantetc.Performance, mechanisms
andapplicationsofECChavebeeninvestigated

[ 1-2]
.

Onlythestrengthisfarfromcomprehensiveevaluation
ofSHCCintermsofdurability, andalsoitisnecessary
tofindaconvenientmethodandclearassessmentstand-
ardtooptimizeSHCCdesign.BasedontheForce-De-
flectioncurveacquiredby4-point-bendingtestinthis
contribution, fractureenergywasobtainedandusedto
evaluatetheperformanceofSHCC.

1　Experiments

Sizeofthespecimenis40×40 ×160mmandthe
clipgaugewasfixedonbothsidesofit.Testdataare
real-timecollectedbythecomputer.P.O.52.5 ce-
ment, REC15PVAfiber, Methylcellulose(MC)and

super-plasticizerwereused.Volumefractionoffiberis
2%

Tab.1　MixProportionsofSHCC kg/m3

C W S FA SF SP MC

F0P＊ 637 456 510 773 -- 3.4% --

F1P＊ 637 456 510 773 -- 4.0% 0.5%

FS1＊ 637 494 510 773 -- 3.5% --

FS2＊ 637 494 510 773 35 3.5% --

FS3＊ 637 494 510 773 35 4.0% 0.2%

2　ResultsandDiscussions

TheresultsindicatethatapplyingMCmadethe
fractureenergyofSHCCdecreasenotablyandthemaxi-
mumloadreducedaccordingly.Whenloadingspeed
droppedfrom 0.20 to0.05 mm/min, SHCCpresents
betterperformanceofstrainhardeningalongwithin-
creaseofthenumbersofmultiplecracksandthecorre-
spondingdeflectionofthemaximum loadincreases
markedly.Silicafumemadecompressivestrengthin-
creaseandbrittlenessbecomesdistinct, whilefracture
energy, peakvalueofloadandcorrespondingdeflection
decreasedsimultaneously.Theresultscalculatedby
CONSOFTinFig.1 showthatstrainhardeningparame-
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tersandfractureenergywillbegoodevaluationindex
foroptimizedtheSHCCmaterialsdurabilityoriented.

Fig.1　Simplifiedcurvebystrainhardening

parametersofSHCCSHCC

3　Conclusion

PVA-SHCCcanimprovethebrittlenessanddura-
bilityofcementitiouscomposites.Theductilityof

SHCCmeetstherequirementsofengineering.Also,
Studiesonfractureenergyandstrainhardeningparame-
tersindicatesthequantityindexbyoptimizingthe
SHCC.
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应变硬化水泥基复合材料 -SHCC韧性性能试验研究

田　砾 , 许婷华 , 赵铁军 , 范　宏
(青岛理工大学土木工程学院 , 山东 青岛 266033)

摘　要:水泥基材料抗拉强度低 、 韧性差是其易开裂的主要原因之一。高模量 PVA纤维可增强基材韧性 , 使其呈现准应

变硬化和多缝开裂特征 , 改善结构耐久性。通过四点弯曲试验得出了不同加载速率和配比 SHCC的力 -变形曲线并用 CON-

SOFT软件计算断裂能。结果表明 , 硅灰使材料抗压强度有所提高 , 但最大抗弯承载力和变形下降 , 断裂能降低。甲基纤维

素使 SHCC脆性增大。加载速率降低 , 材料表现出更好的应变硬化性能 , 微裂缝条数增多。 SHCC砂子最大粒径高于 ECC,

虽达不到后者的最大拉应变 , 但可降低成本并满足工程需要。韧性性能研究给出了基于耐久性能优化设计和评定 SHCC的

实用方法。

关键词:ECC;断裂能;聚乙烯醇纤维 (PVA);应变硬化水泥基复合材料 (SHCC);韧性

中图分类号:TU502;TU528.58

182


