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Foreword

TheUnitedNationsIndustrialDevelopmentOrganization(UNIDO)isaspecializedagencyunderthe
UnitedNationssystemtopromotegloballyinclusiveandsustainableindustrialdevelopment(ISID).
TherelevanceofISIDasanintegratedapproachtoallthreepillarsofsustainabledevelopmentisrec-
ognizedbythe2030AgendaforSustainableDevelopmentandtherelatedSustainableDevelopment
Goals (SDGs), which willframe United Nations and country efforts towards sustainable
developmentinthenextfifteenyears.UNIDO’smandateforISIDcoverstheneedtosupportthecre-
ationofsustainableenergysystemsasenergyisessentialtoeconomicandsocialdevelopmentandto
improvingqualityoflife.Internationalconcernanddebateoverenergyhavegrownincreasinglyover
thepasttwodecades,withtheissuesofpovertyalleviation,environmentalrisksandclimatechange
nowtakingcentrestage.

INSHP(InternationalNetworkonSmallHydroPower)isaninternationalcoordinatingandpromoting
organizationfortheglobaldevelopmentofsmallhydropower(SHP),whichisestablishedontheba-
sis of voluntary participation ofregional,sub-regionaland nationalfocal points,relevant
institutions,utilitiesandcompanies,andhassocialbenefitasitsmajorobjective.INSHPaimsatthe
promotionofglobalSHPdevelopmentthroughtriangletechnicalandeconomiccooperationamong
developingcountries,developedcountriesandinternationalorganizations,inordertosupplyrural
areasindevelopingcountrieswithenvironmentallysound,affordableandadequateenergy,which
willleadtotheincreaseofemploymentopportunities,improvementofecologicalenvironments,

povertyalleviation,improvementoflocallivingandculturalstandardsandeconomicdevelopment.

UNIDOandINSHPhavebeencooperatingontheWorldSmallHydropowerDevelopmentReportsince
year2010.Fromthereports,SHPdemandanddevelopmentworldwidewerenotmatched.Oneofthe
developmentbarriersinmostcountriesislackoftechnologies.UNIDO,incooperationwithINSHP,

throughglobalexpertcooperation,andbasedonsuccessfuldevelopmentexperiences,decidedto
developtheSHPTGstomeetdemandfromMemberStates.

TheseTGsweredraftedinaccordancewiththeeditorialrulesoftheISO/IECDirectives,Part2(see
www.iso.org/directives).

AttentionisdrawntothepossibilitythatsomeoftheelementsoftheseTGsmaybesubjecttopa-
tentrights.UNIDOandINSHPshallnotbeheldresponsibleforidentifyinganysuchpatentrights.

Ⅲ
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Introduction

SmallHydropower(SHP)isincreasinglyrecognizedasanimportantrenewableenergysolutiontothe
challengeofelectrifyingremoteruralareas.However,whilemostcountriesinEurope,Northand
SouthAmerica,andChinahavehighdegreesofinstalledcapacity,thepotentialofSHPinmanyde-
velopingcountriesremainsuntappedandishinderedbyanumberoffactorsincludingthelackof
globallyagreedgoodpracticesorstandardsforSHPdevelopment.

TheseTechnicalGuidelinesfortheDevelopmentofSmallHydropowerPlants(TGs)willaddressthe
currentlimitationsoftheregulationsappliedtotechnicalguidelinesforSHPPlantsbyapplyingthe
expertiseandbestpracticesthatexistacrosstheglobe.Itisintendedforcountriestoutilizethesea-
greeduponGuidelinestosupporttheircurrentpolicy,technologyandecosystems.Countriesthat
havelimitedinstitutionalandtechnicalcapacities,willbeabletoenhancetheirknowledgebaseinde-
velopingSHPplants,therebyattractingmoreinvestmentinSHPprojects,encouragingfavourable
policiesandsubsequentlyassistingineconomicdevelopmentatanationallevel.TheseTGswillbe
valuableforallcountries,butespeciallyallowforthesharingofexperienceandbestpracticesbe-
tweencountriesthathavelimitedtechnicalknow-how.

TheTGscanbeusedastheprinciplesandbasisfortheplanning,design,constructionandmanage-
mentofSHPplantsupto30MW.

● TheTermsandDefinitionsintheTGsspecifytheprofessionaltechnicaltermsanddefinitions
commonlyusedforSHPPlants.

● TheDesignGuidelinesprovideguidelinesforbasicrequirements,methodologyandprocedurein
termsofsiteselection,hydrology,geology,projectlayout,configurations,energycalculations,

hydraulics,electromechanicalequipmentselection,construction,projectcostestimates,eco-
nomicappraisal,financing,socialandenvironmentalassessments—withtheultimategoalofa-
chievingthebestdesignsolutions.

● TheUnitsGuidelinesspecifythetechnicalrequirementsonSHPturbines,generators,hydrotur-
binegoverningsystems,excitationsystems,mainvalvesaswellasmonitoring,control,pro-
tectionandDCpowersupplysystems.

● TheConstructionGuidelinescanbeusedastheguidingtechnicaldocumentsfortheconstruction
ofSHPprojects.

● TheManagementGuidelinesprovidetechnicalguidanceforthemanagement,operationandmain-
tenance,technicalrenovationandprojectacceptanceofSHPprojects.

Ⅳ
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Design
Part5:EngineeringLayoutandHydraulicStructure

1 Scope

ThispartoftheDesignGuidelinesclarifiesthefloodcontrolstandardsforthehydraulicstructuresof
ansmallhydropower(SHP)station,definesspecificrequirementsforthegeneralengineeringlayout
aswellasthetypeselectionandthedesignofthewaterretainingstructure,waterreleasingstruc-
ture,diversionstructure,powerhouseandswitchyard,andspecifiesthetechnicalrequirementsfor
engineeringsafetymonitoring,andconcreteandsteelperformance.

Theapplicablemaximumheightofareservoirdaminthisdocumentis:30mforarolledearth-rock
dam,50mforaconcretefacedrockfilldamand70mforaconcrete(masonry)gravitydam.

2 Normativereferences

Thefollowingdocumentsarereferredtointhetextinsuchawaythatsomeoralloftheircontent
constitutesrequirementsofthisdocument.Fordatedreferences,onlytheeditioncitedapplies.For
undatedreferences,thelatesteditionofthereferenceddocument(includinganyamendments)ap-
plies.

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 Floodcontrolstandard

4.1 Generalprovisions

4.1.1 Thefloodcontrolstandardforahydropowerprojectshallbedeterminedbycomprehensive
analysisanddemonstrationinaccordancewiththerequirementsofeconomic,social,politicaland
environmentalfactorsonthefloodcontrolsafety,bycoordinatingtherelationshipsbetweenthepart

1
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andthewhole,betweentheshorttermandlongterm,betweentheupstreamandthedownstream,

betweentheleftandrightbank,andbetweenthemainstreamanditstributaries.

4.1.2 Thefloodcontrolstandardshallbeexpressed withtherecurrenceintervalofflood
prevention.Thefloodcontrolstandardmayadoptbothdesignfloodstandardandcheckfloodstand-
ard,accordingtotheneedsofdifferentprotectionobjects.

4.2 Permanenthydraulicstructure

Thefloodcontrolstandard[recurrenceinterval(year)]forhydraulicstructuresofhydropowersta-
tionswithdifferentreservoircapacityandinstalledcapacitymaybedeterminedaccordingtoTable1,or
maybeselectedinaccordancewiththelocal/nationalregulationsforprotectionobjectives.

Table1 Floodcontrolstandards[recurrenceinterval(year)]forhydraulicstructures

Hydraulicstructure

Structureof≤10MWhydropower
stationorreservoirwithstorage

capacityof1×106 m3

Structureof10MWto30MW
hydropowerstationorreservoirwith

storagecapacityof(1-10)×106 m3

Designstandard Checkstandard Designstandard Checkstandard

Concrete(stonemasonry)dam 20~30 100~200 30~50 200~500

Rolledearthdam/rockfilldam 20~30 200~300 30~50 300~1000

Sluice(flapgate) 10 20~50 10~20 50~100

Powerhouse(switchyard) 20~30 50 30~50 100

Waterconveyancestructure 10~20 30~50 10 20~30

Energydissipationand
anti-scourstructure

10 / 20 /

Channelstructure 10 20~30 10~20 30~50

4.3 Temporaryhydraulicstructure

Thefloodcontrolstandardsoftemporarywaterretainingandreleasingstructuresusedduringthe
constructionperiodofahydropowerstationshallbedeterminedaccordingtothestructureofthe
buildings.Whentheearth-rockstructureisused,thedesignmaybeperformedonthebasisof5to
10yearsreturnflood.Whentheconcreteorstonemasonrystructureisused,thedesignmaybeper-
formedonthebasisof3to5yearsreturnflood.

4.4 Freeboardofstructure

4.4.1 Theelevationofthedamcrest(orthetopofthewavewall)ofthewaterretainingstructure
inthehydropowerstationshallbedeterminedaccordingtothestaticwaterlevelunderengineering
designfloodandcheckfloodconditions,pluscorrespondingwaverun-up,windbanked-upheightand
safetyfreeboard.Theelevationofthedamcrestoftheretainingstructureshallnotbelowerthanthe
normalreservoirwaterlevelandthecheckfloodlevel.
2
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4.4.2 Thefreeboardofhydraulicstructuresmaybedeterminedaccordingtothestructuretypeand
withreferencetoTable2.

Table2 Hydraulicstructurefreeboard Unit:m

Hydraulicstructure Designstandard Checkstandard

Concrete(stonemasonry)dam 0.4 0.3

Rolledearthdam/rockfilldam 0.5 0.3

Sluice(whenretainingwater) 0.3(normalwaterfilling) 0.2(maximumwaterretaining)

Sluice(whenreleasingwater) 0.5 0.4

Spillway 0.4(whenretainingwater) 0.3(whenreleasingwater)

5 Generalengineeringlayout

5.1 Generalprovisions

5.1.1 Hydropowerstationsmaybeclassifiedasdam-toe,riverbed,diversionandhybridhydropow-
erstationsaccordingtothedevelopingmode.

5.1.2 Thegeneralengineeringlayoutofsmallhydropowerstationmayincludetheselectionofthe
damsite,diversionrouteandplantsite(switchyard),aswellasthedamtypeselectionandengi-
neeringlayoutofamulti-purposeproject.

5.1.3 Thelayoutofhydropowerprojectmaybeperformedunderthefollowingprinciples.

a) Therequirementsforfloodcontrol,powergeneration,navigation,fishery,forestry,transpor-
tation,andtheeco-environmentshallbecomprehensivelyconsidered.

b) Thestructuresofprojectshallbecompactlylaidoutto meetthefunctionalrequirements,

strengthandstability,soastoensurethemtoworknormallyunderanyworkingconditions.The
totalconstructioncostandannualoperatingcostoftheprojectshallbereducedforconvenient
operationandmanagement.

c) Thestructuremaybeusedformultiplepurposes,ormaybeatemporarystructureandperma-
nentstructureshallbecombinedinthelayout.

d) Theconstructiondiversionmethod,theconstructionmethodformainstructuresandthecon-
structionscheduleshallbeselectedfortheconvenienceofconstruction,ashortconstruction
periodandlowconstructioncost.

e) Theaestheticoftheprojectlayoutshallbeintegratedwiththesurroundingenvironmentaccord-
ingtothelocalconditionssoastocreateamulti-functionalandpleasantenvironment.

3
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5.1.4 Whenthewaterretainingstructure(exceptthearchdam)islaidout,thedamaxisshouldbe
shortandstraight.Therelativelylongerstraightaxisorbroken-lineorcurveaxis mayalsobe
adoptedaccordingtotheactualsituation.

5.1.5 Thelayoutofthewaterreleasingstructureshallbedeterminedaccordingtothedamtype
adoptedbythewaterretainingstructureandthegeologicalandtopographicalconditionsnearthe
damsite.

5.1.6 Thelayoutofwaterintakeshouldmeetthefollowingrequirements.

a) Inanyperiod,itisnecessarytosupplywaterwithoutinterruptionaccordingtothediversionre-
quirements.

b) Onasilt-richriver,effectivesedimentcontrolmeasuresshallbetakentopreventsedimentfrom
enteringthediversionchannel.

c) Withregardtoheadworksforcomprehensiveutilization,itisnecessarytoensurethatthe
structurescouldworknormallyandwillnotinterferewitheachother.

d) Measuresshallbetakentopreventthefloatage,suchasfloatingice,from enteringthe
diversionchannel.

e) Necessaryregulationshallbecarriedoutontheriverchannelneartheintaketobringthemain-
streamclosertothewaterintaketoensuretherequiredwaterintakevolume.

f) Thelayoutoftheintakestructureshallbeconvenientformanagementandeasyformodernman-
agementfacilities.

5.1.7 Thelayoutofthepowerhouseshallmeetthefollowingrequirements.

a) Theinletandoutletchannelsshallbeasshortaspossible;thewaterflowshallbesmooth;the
headlossshallbesmallandthewateroutletshallnotbedepositedorimpactedbytheiceblocks.

b) Thetailraceshallbesufficientlydeepandwide;theplanecurvatureshallnotbeextensive,and
thedepthshallvarygraduallyandthetailraceshallbesmoothlyconnectedtothenaturalriver
floworchannel.

c) Thewaterfloworenergydissipationfacilitiesattheoutletsofthedischargingstructuresshall
belaidouttoavoidraisingthetailwaterlevelofthehydropowerstationasmuchaspossible.

5.1.8 Thefollowingdatashallbecollectedfordesignofthehydraulicstructures.

a) Topographicdata:includingregionaltopographicmaponsmallscale(1∶10000to1∶50000)
4
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andthesurveyedtopographicmapofdamsiteonlargescale(1∶200to1∶1000).

b) Geologicaldata:thegeologicalsurveyresultsofdamarea,includingthedistributionanddepth
oftheoverburden,lithology,structureandoverburdendepthoftherocks,groundwaterlevel
andburialdepthoftherelativeconfiningbed,damfoundation,rockweatheringbeltandunloa-
dingbeltofthedamabutmentaswellasthedistributionandcharacteristicsofthefaults,partic-
ularlythefaultsalongtheriverandwithlow-angledip.Shallacknowledgethepropertyandgeo-
logicstructureoftherockstratum,thehydrogeology,thestabilityofthesideslope,thekarst,

landslidemassandtheharmfulgasalongtherouteofthediversionsystem,aswellasthe
groundstressandtherockburstsituationintheregionwithhighgroundstress.

c) Hydrologicalandmeteorologicaldata:allhydrologicalcharacteristicsoftheriverintheproject
areasuchasrunoff,flood,correspondingwaterlevelandsedimentload;meteorologicalfactors
oftheprojectarea,includingsunlight,rainfall,snowfall,wind,airtemperature,humidityand
watertemperature.

d) Theresultsofhydraulicenergycalculations:includethewaterlevelofeachcharacteristicofthe
reservoir(normalreservoirlevel,designedfloodlevel,checkedfloodlevel,minimumdraw
downwaterlevelforpowergeneration),characteristicparametersofflooddischargestructures
(outletsize,controlelevation,dispatchingmode).

e) Constructionmaterialdata:includingthedistributionofconstructionmaterialonthedamsite
andinthenearbyarea,includingthequality,quantityandphysicalandmechanicalpropertiesof
thenaturalconstructionmaterial(rockblocksandsandygravel),aswellasthecharacteristic
parameters,transportation distance and costof materialsuch ascementand structural
steel,etc.

f) Sedimentdata:thecontent,particles,hardness,unitweightandmovementofbedloadand
suspendedloadinheavilysedimentladenriver.Thedepositionmorphologyandelevationofthe
sedimentinthereservoirareaalsoshallbecollectedforthewaterintake.

g) Pollutiondata:fortheriverchannelwithheavytrash,thesource,variety,quantityanddrifting
patternofthetrashshallbecollected.

h) Icedata:fortheriverinafrostregion,theicingperiod,floatingicefeaturesandfloatingice
quantity;thesizeoftheiceblocks/flakesandthethicknessoftheicelayer;theoperatingdata
forthehydropowerstationintakeinwinterundersimilarconditionsshallbecollected.

5.2 Damsiteselection

5.2.1 Thepossiblealternativedamsitesshallbeenvisagedinaccordancewiththegeologicaland
topographicalconditionsofriverreachaswellastherequirementsofdevelopmentandutilization;

therepresentativedamaxis,damtypeandprojectlayoutofeverydamsiteshallbedetermined
5

SHP/TG002-5:2019



throughstudyandcomparison,andthedamsiteshallbeselectedaftercomprehensivetechnicaland
economiccomparison.

5.2.2 Thefollowingrequirementsshallbemetforthetopographicandgeologicalconditionsofthe
riverreachanditsdevelopmentandutilization.

a) Thenarrowrivervalleywithfavourablegeologicalconditionsissuitableforanarchdam.

b) Thewiderivervalleywithrelativelygoodgeologicalconditionsissuitableforagravitydam.

c) Iftherivervalleyiswide,theriverbedoverburdenisdeepandthickorthegeologicalconditions
arerelativelypoor,andthelocalmaterialsuchasearth,stoneandgravelareabundant,itis
suitableforanearthandrockfilldam.

5.2.3 Damsiteforvarioustypesofdamsshallmeetthefollowingrequirements.

a) Withregardtoagravitydamsite,therocksshallhavesufficientstrength,integrityandhomo-

geneity.

b) Withregardtoaconcretearchdamsite,therequirementsforrockmassstrengthandintegrity
aregreaterthanthoseforagravitydam,meanwhilethedamabutmentshallbestable.

c) Withregardtoearthandrockfilldamsites,itisnecessarytoascertainthethicknessofdam
foundationoverburden,andverifywhetherliquefiablesoillayerexistsinthedamfoundation.

5.2.4 Damsiteselectionshallconsiderthefollowingfactors.

a) Itshallbeconvenientforconstructiondiversion.

b) Theterrainnearthedamsiteshallberelativelywideandopenforconveniencewhenlayingout
theconstructionsite.

c) Attentionshallbepaidtothedifferencebetweentheoverallconstructionlayoutandtheopera-
tionmanagementconditionstofacilitateprojectoperationandmanagement.

d) Externaltrafficconditionsshallbeconsidered.

e) Thevariety,reserve,quality,quantity,distributionandtransportationdistanceofdifferent
constructionmaterialsshallbetakenintoaccount.

5.2.5 Thedamsitecomparisonandselectionshallmeetthefollowingrequirements.
6
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a) Itispreferabletoselectthedamsitewithlesssubmergence,lesslandacquisitionandlessreha-
bilitation/resettlement.

b) Theimpactontheenvironmentshallbeconsideredfordamsiteselection,andsensitiveobjects
shouldbeminimum.

c) Thereservoirwithreliabletechnologyandreasonableeconomyshallbeselectedtoavoidlarge-
scalecollapseandlandslideinthereservoirareaafterimpoundment.Inhillyandplainareas,ex-
cessiveimmersionshallbeavoided.

5.2.6 Intheareawherethepeakaccelerationofgroundmotioninthedamsiteisgreaterthanor

equalto0.1g(g=9.81m/s2),anti-seismicconstructionmeasuresshallbetakenforthehydraulic

structures.

5.3 Sluicesiteselection

5.3.1 Thebarragedamshallbeselectedthroughtechnicalandeconomiccomparisonaccordingto
thefunction,characteristicsandapplicationrequirementsofthesluice,andcomprehensivelyconsid-
eringfactorssuchasterrain,geology,waterflow,sediment,frozenearth,iceconditions,con-
struction,managementandambientenvironment.

5.3.2 Thesluicesiteshallbeselectedaccordingtothematerialsources,externaltraffic,construc-
tiondiversion,sitelayout,foundationpitdrainage,constructionwaterandelectricitysupply.The
followingrequirementsshallbemet.

a) Thesluiceshouldbelocatedonastraightandrelativelystablereach,andtheleakage,stability
anddeformationconditionsofthesluicefoundationandsluiceshouldersonbothsidesshallbe
considered.

b) Thesiteofflapsluicedam,flooddischargesluiceandsandscouringsluiceshouldbeselectedin
theriverreachwithastraightriverchannelandrelativelystableriverregime.Theaxisofthe
sluiceshouldbeorthogonaltothecentrelineoftheriverchannel;thelengthofstraightsections
ofupstreamanddownstreamriverchannelsshouldnotbelessthan5timesthewatersurface
widthatthesluiceinlet.Theflooddischargesluicelocatedinthecurvedreachshouldbelaidout
inthethalwegportionoftheriver.

c) Thesitefortheinletsluiceshouldbeselectedinthestraightreachwithbasicallystablebanksor
attheendpointofaconcavebankcurvedslightlytothedownstreamregion.Theintersection
betweenthecentrelineofinletsluiceandthecentrelineoftherivercourse(channel)shouldnot
exceed30°,anditsupstreambypasschannel(channel)shouldnotbeoverlylong.

7
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5.3.3 Withregardtothesluiceonanheavilysedimentladenriver,sedimentflushingsluice(desilt-
ingsluice)orflood-dischargingandsedimentflushingsluiceshallbesetattheadjacentpositionof
theintakesluiceorthewaterintakeofotherintakestructures,andthesedimentdepositionproblem
attheintakesluiceorotherintakestructuresshallbeproperlyresolved.

5.4 Siteselectionforhydropowerstation

5.4.1 Thepowerhouseofdiversion-typehydropowerstationsshouldbefarawayfromthedam,

andlocatedbelowthehighsteepslope.Thesurgechamber(tank)orforebayshouldbearrangedon
thehighsteepslope;themassifbetweenthepowerhouseandsurgechamberorforebayshallbesta-
ble,withslightwaterpermeability.

5.4.2 Theintakeoftheriverbedpowerhouseshallavoidthedepositionanderosionofsediment,

theblockagefromfloatingtrashandice.Whenthepowerhouseisadjacenttothespillway,along
enoughdividewallshallbeconstructedbetweenthem;thepowerhouse,switchyardandsubstation
shallbekeptatacertaindistancesafefromthejetofflooddischarge.

5.5 Damtypeselection

5.5.1 Ifthetrafficisinconvenientorthesteel,cementandconcreteaggregateareinsufficientin
thedamsiteregion,butthereareabundantearthandstonematerialsandtheterrainissuitablefor
buildingriverbankspillway,thenanearthandrockfilldam shallbeselectedandbuilt with
precedenceusinglocalmaterials.

5.5.2 Ifthegeologicalconditionsarerelativelygood,andalotofgravelaggregateorstonemateri-
alsareavailableinlocalregion,andtheaccessandtrafficisrelativelyavailable,agravitydam may
bebuilt.Thefloodmaybedirectlydischargedfromthetopofthedam.

5.5.3 IfthedamsiteislocatedinanarrowV-shapedorU-shapedvalleywithgoodabutmentson
bothsides,anarchdammaybebuilt.Thearchdamgenerallycostlesswithshortconstructionperi-
od,andthefloodmaybedischargedfromthetopofthedamorthedambodyhole.

5.6 Projectlayout

5.6.1 Thedischargestructureofanearthandrockfilldamshouldbearrangedonthebankrockfoun-
dation,andopenspillwayandtunnelmaybeadopted.

● Iftheterrainonbothbanksisabruptandthereisasaddle-shapedbealockwithappropriateeleva-
tion,ortheterrainonbothbanksisgentleandtheridgeissaddle-shaped,andthereisachannel
convenientforreturningthefloodingintotheriverintheregiondownstreamofthesitewherean
auxiliarydam waterretainingstructureneedstobebuilt,theriverbankspillwayshouldbe
laidout.
8
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● Ifthespillwayinletislaidoutonsuchposition,buttheflooddischargeroutethereafterisledto
anotherriverchannel,thefloodcontrolproblemofanotherriverchannelshouldbeproperlyhan-
dled.

● Whentheaforesaidadvantagesareunavailablenearthedamsiteorinaremotepartoftheup-
streamregion,thespillwayshouldbelaidoutonthedamabutment.

5.6.2 Thespillwaysectionshouldbeusedasthemaindrainagestructureoftheconcreteormasonry
gravitydamprojects,andthelayoutofthedrainagestructureshouldbeconsistentwiththedirection
oftheriveraxis.Whenthegeologicalconditionsaredifferentalongtheaxisofthedam,theover-
flowdamshallbelaidoutonarelativelysolidfoundation.

5.6.3 Thespillwaysectionshouldbeusedasthemaindrainagestructureoftheconcreteormasonry
gravitydamprojects,andthelayoutofthedrainagestructureshouldbeconsistentwiththedirection
oftheriveraxis.Ifthereissaddle-shapedbealockwithappropriateelevationonbothbanks,and
thereisachannelthatisconvenientforreturningthefloodingintotheriverinthedownstreamre-
gion,thespillwaymaybelaidoutontheriverbank.

5.6.4 Whenconstructingaprojectonariverwithhighsedimentconcentration,theeffectofsilt-
ationofreservoirandscourofdownstreamriverbedshallbeconsideredinthelayoutofwaterdis-
chargeandintakestructure.Forahydraulicprojectlocatedonariverwithhighsedimentconcentra-
tion,bottomopeningsoratunnelwithlargediametershouldbeprovided.

5.6.5 Thewaterrequirementsofthedownstreamecologicalenvironmentshallbeconsideredinthe
layoutoftheprojectstructures.

6 Waterretainingstructure

6.1 Gravitydam

6.1.1 Gravitydamdesign

a) Damesiteselectionandprojectlayout:includeselectingthedamsiteanddamaxis,anddeter-
miningthelayoutoftheprojectstructures,thestructuraltypeofthedambodyandtheconnec-
tionbetweenthedambodyandbothbanksorotherstructures,etc.Thelayoutoftheflooddis-
chargestructuresshallbeconsideredfirst.

b) Designofthereleasestructureofthedambody:bycalculatingtherunoffregulation,studyand
comparethelayoutanddimensionsofthereleasestructure,determinethefloodleveland
designtheenergydissipationandanti-scourfacilitiesforthereleasestructure.Anungatedspill-
wayshouldbepreferentiallyconsideredforthedam,andtheflooddischargeopeningsandres-
ervoiremptyingopeningsmaybepreparedaccordingtothefunctionalrequirements.
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c) Calculationofdamstructure:determinetheloadsustainedbythedambody,analysetheload
combinationandanalysedambodystabilityandstress(includinganti-seismiccalculation).

d) Dambodyzoningandmaterialdesign:determinethematerialsusedforthedambody,perform
thedambodyzoning,andraisetheperformanceindexrequirementsforvariouszonesaswellas
therequirementsforrawmaterials,water-cementratiooftheconcrete,cementcontentandag-
gregategrading.

e) Damfoundationsurfaceselectionandfoundationtreatmentdesign:accordingtothedambody’s
stabilityandfoundationstressrequirements,clarifytherequirementsforthefoundation
surface,damfoundationbearingcapacity,anti-seepage,drainageandgrouting.Designofthe
treatmentmeasuresforthefoundationfracture,fault,fracturezone,weakintercalatedlayer
andslopeexcavation.

f) Temperaturecontroldesignforthedambody:accordingtothetemperaturecontrolandcrack
prevention requirements,determine the parting,partitioning,layers of the dam and
temperaturecontrolmeasuresforthedambody.

6.1.2 Dambodystructure

6.1.2.1 Thegravitydam’screstshallbehigherthanthecheckfloodlevel,thewavewallshallbear-
rangedontheupstreamsideofthedamcrestandtheelevationofthewallwaveshallbehigherthan
thetopelevationofthewave.Theheightdifference(freeboard)betweenthewavewallcrestand
normalreservoirlevelorcheckfloodlevelmaybecalculatedbyFormula(1);andthehighestofthe
wavewallcrestelevationsshallbeused.

Δh=hp+hz+hc …………………………(1)

where

Δh istheheightdifferencebetweenthewavewallcrestandthenormalreservoirlevelorthecheck
floodlevel,inm;

hp isthewaveheightofcorrespondingfrequencyPiscalculatedaccordingtoAppendixA(P=
1%forgravitydam),inm;

hz isthewaveheight,tobecalculatedinaccordancewithAppendixA,inm;

hc isthefreeboard,selectaccordingtoTable2,inm.

6.1.2.2 Thecrestwidthofnon-overflowdamsshallbedeterminedinaccordancewiththeprofile
designandoperationmanagementrequirement,andshallnotbelessthan3m.Thereinforcedcon-
cretewavewallsconnectedwiththedambodyshallbeofaheightof1.2montheupstreamsideof
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thedamcrest.Handrailsshallbesetonthedownstreamsideofthedamcrest.Whenthemobilehoist
isusedonthedamcrest,thedamcrestwidthshallmeettherequirementofinstallingtheportal
cranetracks.

6.1.2.3 Thecross-sectionofanon-overflowdamsectionshouldbedeterminedaccordingtothefol-
lowingrequirements.

a) Thebasiccross-sectionofanon-overflowdamsectionshouldbetriangular,anditspeakshould
benearthedamcrest;thedamcreststructureshouldbearrangedabovethebasiccross-section.

b) Theupstreamsurfaceofthedambodymaybeverticalplane,obliqueplaneorfoldedplane.The
upstreamslopeofagravitydamshouldbe1∶0to1∶0.2.Ifthedamslopeisafoldedplane,the
elevationofthefoldedslopepointshallbedeterminedincombinationwiththelayoutofthewa-
terportalsofhydropowerstationaswellasthedownstreamdamslope.

c) Thedownstreamdamslopemaybe1∶0.6to1∶0.8,andshouldbeselectedaccordingtothe
stabilityandstressrequirementscombinedwiththeupstreamdamslopeatthesametime.For
theintegralgravitydam withthekeygrooveinthetransversejointforthegrouting,thedam
slopemaybeselectedbyconsideringthecombinedforceofadjacentdamsections.

6.1.2.4 Thecross-sectionoftheoverflowdamsectionshouldbedeterminedaccordingtothefol-
lowingrequirements.

a) Asfortheweirsurfacecurveoftheoverflowdamsection,thepowercurvemaybeusedifan
openoverflowisarranged;theparabolaoforificeoverflowmaybeadoptedifthebreastwallis
arrangedandusedforwaterretaining;otherweirsurfacecurvescanalsobeappliedbasedon
studyandtesting.

b) Theleadingedgelength,holenumber,orificetype,sizeandweircrestelevationoftheover-
flow section of the surface outlet for flood discharge shall be determined through
comprehensivecomparisonwithconsiderationgiventothereservoiroperationandflooddis-
chargerequirements,anti-scourandenergydissipationofthedownstreamriverbedandboth
banks,aswellastherelationshipbetweenthedambodyandtheadjacentstructures.

c) Theenergydissipationandtheanti-scourmethodsforthedownstreamofflooddischargeshould
includedeflectingflow,underflow,surfaceflow,rollerbucketandjointenergydissipation,

whichshallbereasonablyselectedinaccordancewiththedamheight,geologicalandtopograph-
icalconditionsofthedownstreamriverbedandbothbanksofthedamfoundation,andthechan-
gesinwaterdepthofthedownstreamriverchannel,andincombinationwiththerequirements
foriceanddebrisdischarging.

d) Underlocalatmosphericpressureconditions,negativepressureshouldnotappearnearthesur-
facespillwayandshallowholeoverflowbarrierroofwhenthefloodgateisfullyopen;whenthe
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gateispartiallyopened,slightnegativepressuremaybeallowedbasedonstudy.Incaseofre-
leasingadesignflood withthefullyopened mode,thenegativepressureshallnotexceed
0.03MPa;incaseofreleasingacheckfloodwiththefullyopenedmode,thenegativepressure
shallnotexceed0.06MPa.

e) Thereasonabletypeofgateslotshallbeselectedtoavoidexcessivenegativepressurecaused
bycavitationerosionatthegategroove.

f) Theogeesectionoftheoverflowdamshallbeselectedaccordingtothedownstreamenergydis-
sipationmode.

g) Gatepiertypesanddimensionsshallmeettherequirementsofthestructuralarrangementand
flowconditions.Incaseofaplaingate,thepieratthegateslotshallbethickandstrongenough
tomeettherequirementsofthestructure.

h) Whentheoverflowdamalsofunctionsasanicepassage,itshallbedimensionedtakingtheice
dataintoaccount;waterdepthontheweirshouldbegreaterthanthemaximumicethickness
duringthedriftperiod;iceblocksshallbeabletodischargefreelywithoutdamagingthedown-
streamfacilities;measures,suchasguidewallsandretainingwalls,shouldbeimplemented
downstream;thegatepier’sheadshouldbeintheshapeofanacuteangle.

i) Thespillwayofthestonemasonrygravitydamshouldbeintheopenmode.Ifthereisagate,

thestructuralstabilityandstressofboththegatepierandthechambershallbeanalysed.

6.1.2.5 Theoutletsinthedambodyshouldmeetthefollowingrequirements.

a) Theoutletsinthedambodymaybearrangedinthelowersectionoftheoverflowdamsection
orinadedicatedoutletsectionofthedam,andshallbeequippedwithenergydissipationfacili-
ties.

b) Theoutletsinthedambodymayemployafreeflowtunnelorpressurehole,inwhichthepres-
sureflowandnon-pressureflowshallnotoccuralternately.

c) Thefreeflowtunnelshouldbeinstraightlineformontheplane;whenabendisrequired,itis
necessarytoperformaspecificanalysis,andverifytheschemethroughhydraulicmodeltesting.

d) Theliningprotectionforthereleasetunnelinthedambodyshallbedeterminedbythehydraulic
condition,orificesize,sedimentcharacteristicsofwaterflowandoperatingconditionsofthe
orifices.Asforthepressuretunnelwithrelativelyhighinternalwaterpressureandthepressure
sectionofthefreeflowtunnel,thesteelliningorhigh-performanceconcreteshouldbeused,

andthesteelliningshallbecombinedwiththesurroundingconcretereliably.
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6.1.3 Sectiondesignofthedambody

6.1.3.1 Thesectiondesignofdambodyshallcomplywiththefollowingprinciples.

a) Withregardtotheconcretegravitydam,thecalculationresultsofmaterialmechanicsmethod
andtherigidbodylimitequilibriummethodshallbeusedasthebasistodeterminethedambody
section.

b) Thedesignsectionofthegravitydamshallbecontrolledbythebasicloadcombination,andre-
viewedbythespecialloadcombination.Whenitisreviewedbythespecialloadcombination,

thespatialinteractionofthedambodymaybeconsideredorotherappropriatemeasuresmaybe
taken,butthedesignsectionshouldnotbecontrolledbythespecialloadcombination.

c) Tstrengthandstabilityofgravitydamwithtransversejointsmaybecalculatedaccordingtothe

planarproblem;onedamsectionorunitwidthmaybetakenforcalculation.Incasethetrans-
versejointsaregrouted,thestrengthandstabilitymaybecalculatedtakingtheintegereffectof
thedambodyintoaccount.

6.1.3.2 Theloadandloadcombinationactingonagravitydamincludethefollowing.

a) Load

1) Theweightofthedambodyanditspermanentequipment:theconcreteweightofdam
bodymaybe23.5kN/m3to24.0kN/m3;the masonry weightmaybe22.0kN/m3 to
24.0kN/m3.

2) Hydrostaticpressure:theupstreamhydrostaticpressureshallbedeterminedaccordingto
thewaterlevelspecifiedbythereservoirfunctionandloadcombination,whilethedown-
streamhydrostaticpressureshallbedeterminedaccordingtothecorrespondingunfavour-
abledownstreamwaterlevel.

3) Upliftpressureshallbecalculatedasthedistributedforceactingverticallyontheentirecal-
culatedcross-sectionalarea.Whenthecurtaingroutinganddrainageholesareplaced,the
valuemaybediscountedaccordingtotheseepagepressurecoefficient.

4) Sedimentpressureshallbedeterminedaccordingtothehydrologicalandsedimentcharac-
teristicsoftheriveratthedamsite,theprojectlayout,theoperatingmodeofthereser-
voirandthecalculationofsedimentscouringandsilting,inordertodeterminethe
sedimentthicknessinfrontofthedam.

5) Wavepressureshallbecalculatedbasedonthewaveelements.Differentloadcombinations
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shouldadoptdifferentwindspeeds,basiccombinationsmayadoptannualmaximum wind
speedswitharecurrenceperiodof50years,andspecialcombinationsmayadopttheannual
maximumwindspeedforyears.

6) Icepressureshallbetakenintoaccountwhenathickicelayerisformedonthesurfaceof
reservoirinseverecoldareas.

7) Earthpressurereferstotheroleofbackfillingonthedambody.

8) Hydrodynamicpressureonacertainflowsurfaceshallbetakenintoaccountwhenoverflow
ofthedamcrestorthedamsurfaceisadopted.

9) Seismicloadsincludetheseismicinertiaforceofdambodyandseismichydrodynamicpres-
sure;whenthegroundpeakaccelerationisgreaterthanorequalto0.1g,anti-seismiccal-
culationsshallbeperformed.

10) Otherloadsthatmayoccur.

b) Loadcombination

Theloadcombinationofanti-slipstabilityandstresscalculationofconcretegravitydam may
consistofthebasiccombinationandthespecialcombination.Theloadcombinationshallbesub-

jecttotheprovisionofTable3,andtheotherpossibledisadvantageouscombinationshallbe
consideredwhennecessary.Thefollowingrequirementsshallbemet.

1) Themostdisadvantageousloadcombinationinthecalculationshallbeselectedaccordingto
theactualpossibilityofsimultaneousactionofvariousloads.

2) Adamconstructedbystagesshallbecalculatedbystagesaccordingtothecorresponding
loadcombination.

3) Theconditionsduringtheconstructionperiodshallbecheckedifnecessary,asaspecial
combination.

4) Ifitisconsideredthatdrainageequipmentiseasytobeblockedandmustbefrequentlyre-

pairedaccordingtothegeologicandotherconditions,drainagefailureshallbeconsideredas
aspecialcombination.
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Table3 Loadcombinationtable

Load
combination

Main
considerations

Load

Dead
weig ht

Hy drostatic
p ressure

Up lift
p ressure

Silt
p ressure

W
ave

p ressure

Ice
p ressure

Earthq uake
load

Hy drody namic
p ressure

Soil
p ressure

Otherloads
Notes

Basic
combination

(1)Under
situation
ofnormal

reservoirlevel

√ √ √ √ √ — — — √ √

Thesoilpressure
shalldependon
whethertheearth

andstonesarefilled
outofthedambody
(thesamebelow).

(2)Under
situation
ofdesign
floodlevel

√ √ √ √ √ — — √ √ √

(3)Under
situationof
freezing

√ √ √ √ — √ — — √ √

Thehydrostatic

pressureanduplift

pressureshallbe
calculatedperthe
corresponding
reservoirwater
levelinwinter.

Special
combination

(1)Under
situationof
checkflood

√ √ √ √ √ — — √ √ √

(2)Under
situationof
earthquake

√ √ √ √ √ — √ — √ √

Thehydrostatic

pressure,uplift

pressureand
wavepressure

shallbecalculated
inaccordancewith
thenormalreservoir
level,ormaybe

specifiedseparately
whenithasbeen
demonstrated.

NOTE Withregardtosituationofearthquake,thewavepressurewillnotbeincludedwhenconsideringwintersea-
sonandicepressure.
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6.1.3.3 Thestresscalculationfordamshallcomplywiththefollowingprovisions.

a) Thestresscalculationofthedammaybebasedonthescaleoftheprojectandthestructureof
thedambody,includingsomeorallofthefollowingcontents,orothercontents.

1) Calculatethestressontheselectedsectionofthedambody(selectthecalculationsection
accordingtothedam height,includingthedamfoundationsurface,thesectionofthe
foldedslopeandothersectionsthatneedtobecalculated).

2) Calculatethelocalstressontheweakpositions(suchascaverns,waterdrainagepipelines
andintakeconduitforhydropowerstation)ofthedambody.

3) Calculatethestressoftheindividualpositions(suchasgatepier,breastwall,guidewall
andwaterintakesupportingstructure)ofthedambody.

4) Analysetheinternalstressonthedamfoundationwhennecessary.

b) Theverticalnormalstressofthedamheelandthedamtoeofthegravitydamfoundation
surfaceshallmeetthefollowingrequirements.

1) Servicingperiod:withinvariousloadcombinations,theverticalnormalstressofthedam
heelshallnotcontainthetensilestressandtheverticalnormalstressofthedamtoeshall
belessthantheallowablecompressivestressofthedamfoundation.

2) Constructionperiod:theverticalnormalstressoftheconcretegravitydamtoemaynotbe
greaterthan0.1MPa.

c) Thedambodystressofagravitydamshallmeetthefollowingrequirements.

1) Servicingperiod:theverticalnormalstressonupstreamsurfaceofthedambodyshallnot
containthetensilestress;themaximumprincipalcompressivestressofthedambodyshall
notbegreaterthantheallowablecompressivestressofthematerials.

2) Constructionperiod:theprincipalcompressivestressonanysectionofthedambodyshall
notbegreaterthantheallowablecompressivestressofthematerials;onthedownstream
surfaceofthedambody,theprincipaltensilestressoftheconcretegravitydammaynotbe
greaterthan0.2MPa.

d) Theallowablestressoftheconcreteshallcomplywiththefollowingprovisions.

1) Theallowablestressofthedambodyconcretemaybedeterminedbydividingthestandard
valueofconcretestrengthbythesafetyfactor.Thestandardvalueoftheconcretestrength
mayuse150mmcubestrengthwithageof90days,andthestrengthassurancerateis80%.
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2) Thecompressionresistancesafetyfactorofthedambodyconcreteshallnotbelessthan
4.0forthebasiccombinationandshallnotbelessthan3.5forthespecialcombination(ex-
cludingearthquake).Ifthereisthetensilerequirementforthelocalconcrete,thetensile-
strengthsafetyfactorshallnotbelessthan4.0.

3) Whentheseismicloadistakenintoaccount,thecompressivesafetyfactorofthedamcon-
creteshallbe4.1,andthetensilesafetyfactormaybe2.4.

e) Theverticalnormalstressofthegravitydamfoundationandthedambodycross-sectionshallbe
calculatedinaccordancewiththeFormula(2).

σy=
∑W
A +∑

Mx
J

…………………………(2)

where

σy  istheverticalnormalstressofthecalculationsection,inkPa;

∑W isthesumofnormalforceonthecalculationsectionacteduponbyallloads(including
upliftpressure,thesamebelow)onthedamsectionor1mdamlength,inkN;

∑M isthesumofthetorqueofallloadsactingonthedamsectionor1mdamlengthtothe
calculationsectioncentroidaxis,inkN·m;

A isthecalculationsectionareaofthedamsectionor1mdamlength,inm2;

X istheDistancefromcalculationpointtothecentroidaxisonthecalculationsection,inm;

J istheinertiamomentofthecalculationsectiononthedamsectionor1mdamlengthto
thecentroidaxis;fortherectangularsectionitish2/6,whereinhreferstocalculation
sectionheight,inm4.

f) Thecalculatingoftheanti-slipstabilityofthedambodyshallcomplywiththefollowingprovi-
sions:

1) Thecalculationoftheanti-slipstabilityofthedambodymainlyincludesthefollowingcon-
tents:

(1) calculationoftheanti-slipstabilityofthedambodyalongthedamfoundationsurface;

(2) calculationofthedeepslidingstabilityforthedamfoundationwhentheweakstruc-
turalsurfaceorlow-angledipfractureexistsintherockmassofthedamfoundation.
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2) Theanti-slipstabilityofthegravitydambodymaybecalculatedaccordingtotheshear-
breakstrengthFormula(3)ortheshearstrengthFormula(4).

K'=
f'∑W +C'A

∑P
…………………………(3)

where

K'  istheanti-slipstabilitysafetyfactoriscalculatedinaccordancewiththeshearingre-
sistingstrength;

∑W isthenormalcomponentofallloads(includingupliftpressure,thesamebelow)act-
ingonthedambodytotheslidingplane,inkN;

∑P isthetangentialcomponentofallloadsactingonthedambodytotheslidingplane,

inkN;

f' istheshearingresistingfrictioncoefficientofthecontactsurfacebetweenthedam
bodyconcreteandthedamfoundation;

C' istheshearingresistingcohesiveforceofthecontactsurfacebetweenthedambody
concreteandthedamfoundation,inKPa;

A istheSectionalareaofthedamfoundationcontactsurface,inm2.

K=
f∑W
∑P

…………………………(4)

where

K istheanti-slipstabilitysafetyfactorcalculatedinaccordancewiththeshearstrength;

f istheshearfrictioncoefficientofthecontactsurfacebetweenthedambodyconcrete
andthedamfoundation.

3) Forthedeepanti-slidestabilitycalculation,theslidingbodyshallbedividedintotwoparts,

andthemethodofequalsafetyfactorshallbeadoptedtomakethemintheultimateequilib-
riumstaterespectively,asshowninFigure1.Thedeepanti-slipstabilityofthegravitydam
foundationmaybecalculatedinaccordancewiththeshear-breakstrengthFormulas(5)and
(6)ortheshearstrengthFormulas(7)and(8).
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Figure1 Schematicdiagramofslidepaneofdouble-taperwedge

(1) WhenthestabilityofblockABDisconsidered:

K'1=
f'1 W +G1( )cosα-Hsinα-Qsinφ-α( ) -U1+U3sinα[ ] +c'1A1

W +G1( )sinα+Hcosα-U3cosα-Qcosφ-α( )

……(5)

(2) WhenthestabilityofblockBCDisconsidered:

K'2=
f'2 G2cosβ+Qsinφ+β( ) -U2+U3sinβ[ ] +c'2A2

Qcosφ+β( ) -G2sinβ+U3cosβ
………(6)

Theanti-slipstabilitysafetyfactorK'issolvedinaccordancewithK'=K'1=K'2.

where

K'1andK'2  istheanti-slipstabilitysafetyfactorcalculatedinaccordancewiththe
shearingresistingstrength;

W istheVerticalcomponentofallloads(excludingtheupliftpressure,

thesamebelow)actingonthedambody,inkN;

H isthehorizontalcomponentofallloadsactingonthedam body,

inkN;

G1andG2 istheverticalactingforceoftheweightofrockmassesABDand
BCD,inkN;

f'1andf'2 istheshearingresistingfrictioncoefficientoftheslidingsurfacesAB
andBC;

c'1andc'2 istheshearingresistingcohesiveforceoftheslidingsurfacesABand
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BC,inkPa;

A1andA2 istheareaofsurfacesABandBC,inm2;

αandβ istheintersectionanglebetweenthesurfacesABandBCandthehori-
zontalplane,in(°);

U1,U2andU3 istheupliftpressureonsurfacesAB,BCandBD,inkN;

Q istheforceactingonsurfaceBD,inkN.

Φ istheintersectionanglebetweenforceactingonsurfaceBDandthe
horizontalplane;tobeselectedupondemonstration;forsafetycon-
cern,itmaytake0°.

(3) IfthestabilityofblockABDisconsidered:

K1=
f1 W +G1( )cosα-Hsinα-Qsinφ-α( ) -U1+U3sinα[ ]

W +G1( )sinα+Hcosα-U3cosα-Qcosφ-α( )
……(7)

(4) IfthestabilityofblockBCDisconsidered:

K2=
f2 G2cosβ+Qsinφ+β( ) -U2+U3sinβ[ ]

Qcosφ+β( ) -G2sinβ+U3cosβ
………(8)

Theanti-slipstabilitysafetyfactorKissolvedinaccordancewithK=K1=K2.

where

K1andK2 istheanti-slipstabilitysafetyfactorcalculatedinaccordancewiththe
shearstrength;

f1andf2 istheshearingresistingfrictioncoefficientsofslidingsurfacesAB
andBC.

4) Theanti-slipstabilitycalculationforthegravitydambodyshallmeetthefollowingrequire-
ments.

(1) Theanti-slipstabilityanalysisshallbecalculatedinaccordancewiththeshear-break
strengthformula.Thecalculationmaybeperformedaccordingtotheshearstrength
formulawhentherockmassofthedamfoundationisrelativelyweak,suchassoft
rockoraweakstructuralsurface.
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(2) Theanti-slipstabilitysafetyfactorK'andKforthedeepslidingstabilitycalculation
forthedamfoundationshallnotbelessthanthevaluesrequiredinTable4and
Table5.

Table4 Anti-slipstabilitysafetyfactorK'calculatedinaccordancetheshear-breakformulas

Loadcombination K'

Basiccombination 3.0

Specialcombination
(1)Checkedfloodsituation 2.5

(2)Earthquakesituation 2.3

Table5 Anti-slipstabilitysafetyfactorKcalculatedinaccordancewiththeshearingformulas

Loadcombination K

Basiccombination 1.05

Specialcombination
(1)Checkedfloodsituation 1.00

(2)Earthquakesituation 1.00

6.1.4 Dambodyconstruction

6.1.4.1 Thegalleriesandpassagesinsidethedamshallcomplywiththefollowingprovisions.

a) Thegalleriesandpassagesinsidethedamshallbedesignedformultiplepurposesincludingthe
foundationgrouting,drainage,safetymonitoring,inspectionandmaintenance,operation,mob-
ilitywithindamandtherequirementsoftheconstructionperiod.Onthepremiseofmeetingthe
operationalandconstructionrequirements,thegalleriesandpassagesshallbecombined,and
thequantityanddimensionsofthegalleriesandpassagesshallbeminimized.

b) Thegalleryshouldnotbearrangedforlowdams;whenthedamheightishigherthan30morthe
groutingequipmentislimited,afoundationgroutinggalleryshallbearranged.

● Theconcretethicknessofthegalleryfloorshouldnotbelessthan3m,theconcretethick-
nessbetweenthegalleryandtheupstreamdamsurfaceshallmeettheanti-seepagerequire-
ments(preferably0.05to0.1timeswaterheadactingonthedamface)andshallnotbeless
than3m,andthedistancetootherreleasetunnelsshouldnotbelessthan3mto5m.

● Thelongitudinalgradientofthefoundationgroutinggalleryshallbelessthan45°;theslope
ofthelonggalleryisgreaterthan45°,thesafetyplatformandhandrailsshallbearrangedin
sections,andtheelevationdifferenceofthesafetyplatformshouldbe15mto20m.

● Whenthegradientofbothbanksismorethan45°,thefoundationgroutinggallerymaybear-
rangedinlayersandconnectedwithverticalshafts.
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c) Thesectionofgalleryinsidethedammayemployarchedorrectangularshape.

● Thesectionsizeofthefoundationgroutinggalleryshallbedeterminedaccordingtothesize
andoperatingrequirementsofthedrillingandgroutingmachineandtools,withawidthin
therangeof2.5mto3.0mandaheightintherangeof3.0mto3.5m.

● Thesizeofothergalleriesshallbeabletoensuretheirfunctionsandfreepassage,witha
widthnolessthan1.2mandaheightnolessthan2.2m.

d) Thegalleryshallbeequippedwithsufficientlightingfacilitiesandgoodventilationconditions,

andallkindsofelectricalequipmentandlinesshallbeproperlyinsulated.Gravitydrainagemay
beusedwhenthegallerybottomishigherthantheverifiedtailwaterlevel;acollectingwellshall
beprovidedandpumpedoutbyawaterpumpwhenthegallerybottomislowerthantheverified
tailwaterlevel.

e) Theaccessbridgebehindthedamshouldbebuiltonthedownstreamdamfaceabovethedown-
streamhighwaterlevel,whichshouldbecoordinatedwiththelayoutofthecavernsandgaller-
iesinthedambody.

f) Effectivefirefightingmeasuresshallbeimplementedinthegalleryandthewaterpumpcham-
bers.

6.1.4.2 Thejointsofthedambodyshallcomplywiththefollowingprovisions.

a) Thedivisionoflongitudinalandtransversejointsshallbedeterminedbycomprehensivecompar-
isoninaccordancewiththegeologicalandtopographicalconditions,dambodylayout,section
sizeofthedambody,temperaturestressandconstructionconditions.Theintervalbetween
transversejointsshouldbe15mto20mandtheintervalbetweenlongitudinaljointsshouldbe
15mto30m.

b) Whenthetransversejointsareusedasexpansionjointsorsubsidencejoints,theyshallbebuilt
aspermanentjoints,thejointsurfaceshallnotbegroutedandwater-stopmeasuresshallbe
takenneartheupstreamdamsurface.Inthefollowingcases,thetransversejointsshouldbe
temporaryjointsandbegroutedinwholeorinpart.

1) Amonolithicgravitydamisusedforthebenefitofdambodystrengthandstabilityifthe
valleyisnarrow.

2) Theadjacentdamsectionsareconnectedtothewholetoimprovethestabilityofdambody
onthebankslopeifthebankslopeisrelativelysteep.

3) Theadjacentdamsectionsareconnectedtothewholetoimprovetherigidityofthedam
bodyforthedamsectionslocatedinaweak-fracturezone.
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4) Theadjacentdamsectionsareconnectedtothewholetoimprovetheanti-seismicproperty
ofthedambodyinthemeizoseismalareawithagroundmotionpeakaccelerationgreater
than0.2g.

c) Thespacingoftransversejointsshallbeadaptedtothedamstructure,suchaspipesembedded
inthedam,releasetunnel,diversionbottomoutletandoverflowsurfaceoutletonthedam
crest.Forthedamsectiononabankslope,thetransversejointsshouldbesetatthepositions
withbreaksorturnings.

d) Thelongitudinaljointsshouldnotbenecessaryformedium/lowdams,butmaybeconsidered
duetothelimitationofplacingcapacityorthetemperaturecontrolrequirements.

● Thelongitudinaljointsmaybemadeatcertainelevation;iftheyareextendedtothedam
surface,theyshouldintersectwiththedamsurfacevertically.

● Onthelongitudinaljointsurface,thehorizontalkeygrooveshallbeset,andthegrouting
systemshallbeburiedforgrouting.

e) Thelongitudinalandtransversejointsshallbepartitionedintoseveralareaswiththegroutstop
platesforgrouting.Thesurfaceareaofeachgroutingareamaybe200m2to400m2,itsheight
maybe10mto15mandthegroutingpressuremaybe0.1MPato0.3MPa.Thegroutingshould
beperformedduringthelow-temperatureseason;thegroutingtemperatureshouldbethestable
temperatureofdamebody.

f) Thethicknessofplacementblockspartitionedbyhorizontalconstructionjointsshouldbe1.5m
to4.0m,andthesmallervalueischosenwhenitisclosetothebedrocksurface.

● Beforeplacingtheupperconcrete,itisnecessarytowashthehorizontalconstructionjoints,

pave20mmto30mmthickcementmortarorfineaggregateconcrete,andthehorizontal
constructionjointsbetweenadjacentplacementblocksinsamedamsectionshallbestag-
gered.

● Whenthehorizontalconstructionjointintersectswiththetoparchofthegallery,thedis-
tancefromthehorizontalconstructionjointabovethegallerytothegallerytopshallnotbe
lessthan1.5m.

6.1.4.3 Thewaterstopanddrainageofthedambodyshallcomplywiththefollowingprovisions.

a) Waterstopfacilitiesshallbelaidoutontheupstreamsurface(includingwavewall),overflow
planeandbelowthehighesttailwaterlevelonthedownstreamsurfaceandaroundthegalleries
andtunnelsinthedampassthroughthejoints.

b) Thewaterstopontheoverflowplaneshouldbeweldedwiththeembeddedhydromechanical
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structureatthebottomofthegatetoformanenclosedstructure.Thewaterstopfacilitiesof
thewavewallshallbeconnectedwiththewaterstopofthedambody.

c) Thewater-stopstripinthetransversejointneartheupstreamsurfaceshallbeproperlyconnect-
edwiththedamfoundation,andthedepthofthewater-stopstripburiedintothebedrockmay
be0.3mto0.5m.

● Thewater-stopstripmayemployacopperstripwithathicknessof1.0mmto1.2mm;the
transversejointbetweenthewater-stopstripandtheupstreamdamsurfacemaybefilled
withflexiblesealingmaterials.

● Thecopperwater-stopstripshouldbemadeintoa“}”shape;thelengthofeachsideem-
beddedinconcreteshallbenotlessthan0.2mto0.25m.

● Thegravitydamwithadamheightlessthan30m mayemployplasticorrubberwater-stop
strips;theappropriatestandardmodelsshallbeselectedinaccordancewiththeworking
head,climaticconditions,positionandconstructionconvenience,andeffectivemeasures
shallbetakentopreventdeformationduringinstallation.

d) Astraightornearlystraightdrainagepipingshallbeinstalleddownstreamoftheimperviousbar-
rierontheupstreamsurfaceofthedambody.

● Thelowerpartofthedrainagepipeshallbeconnectedtothelongitudinaldrainagegallery,

andtheupperpartshallbeconnectedtotheuppergalleryordamcrest(orbelowtheover-
flowsurface).

● Thedrainagepipemaybeintheformofadrawntube,drilledholesorprecastnon-finecon-
crete;thespacingofthepipesshallbe2mto3mandtheinnerdiameterofthepipesshall
be0.15mto0.25m.

e) Waterpermeatingintothedrainagepipeshallbecollectedtothelongitudinaldrainagegallery,

importedtothewater-collectingwellalongthecatchdrainorcollectingpipeandthenbedrained
tothedownstreamsidebypumpingorgravityflow.Thesectionareaofadischargeditchshould
be0.3m ×0.3mandthebottomslopeshouldbe3‰.Drainagepipeconstructionshallbepre-
ventedfrombeingblockedbyconcreteordebris.

f) Fortheseepageproofingofastonemasonrydam,eitherconcrete(reinforcedconcrete)facing
maybeplacedontheupstreamsideofthedambodyorconcretecorewallsmaybesetupnear
theupstreamsurface.Thetopthicknessofconcretepanelorcorewallshouldbenotlessthan
300mm,andthebottomthicknessshouldbe1/30to1/60ofthemaximumwaterhead.

6.1.4.4 Thezoningofthedambodymaterialsshallcomplywiththefollowingprovisions.
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a) Cement,aggregates,water,admixtureandadmixturesusedforthedamconcreteshallmeet
theprovisionsofthecurrentlocalstandards.

b) Damconcreteshallbezonedaccordingtodifferentpositionsandconditions,asshowninFigure2.
ThezoningperformancerequirementsshallbesubjecttotheprovisionsofTable6.

Key
1 maximumupstreamwaterlevel
2 minimumupstreamwaterlevel
3 minimumdownstreamwaterlevel
4 gatepier
5 guidewall
Ⅰ areaofconcreteontheoutersurfaceofthedambodyabovetheupstreamanddownstreamwaterlevels
Ⅱ areaofconcreteontheoutersurfaceofthedambodyinupstreamanddownstreamwaterlevelchangingareas
Ⅲ areaofconcreteontheoutersurfaceofthedambodybelowupstreamanddownstreamwaterlevels
Ⅳ areaoffoundationconcreteofthedambody
Ⅴ areaofconcretewithindambody
Ⅵ areaofconcreteinanti-scouringpositions(suchasoverflowsurface,releaseopening,dividingwallandgatepier)

Figure2 Dambodyconcretezoningdiagram

Table6 Damconcretezoningperformancerequirements

Areas Strength
Anti-

permeability

Frost
resisting

Anti-
scouring

Anti-
erosion

Low
heat

Maximum
water-cement

ratio

Mainelements
forzoning

Ⅰ + - ++ - - + + Frostresisting

Ⅱ + + ++ - + + +
Frostresistingand

anti-cracking

Ⅲ ++ ++ + - + + +
Anti-permeability
andanti-cracking

Ⅳ ++ + + - + ++ + Anti-cracking

Ⅴ ++ + + - - ++ +

Ⅵ ++ - ++ ++ ++ + +
Anti-scouringand
wear-resisting

NOTE Inthetable,theitemsmarkedwith“++”arethemaincontrolfactorsforselectingtheconcretegradefor
variousareas,theitemsmarkedwith“+”aretheitemsforwhichrequirementsshouldbeincreasedandthe
itemsmarkedwith“-”aretheitemsforwhichtherequirementsneednottobeincreased.
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c) Thestrengthgradeofconcreteinthesamepouringblockshouldnotexceedtwokinds,the
gradedifferenceshouldnotexceedtwolevels,andthethicknessshallnotbelessthan2mto
3m.

d) Thestrengthoftheconcretearoundbigorificessuchasdiversionbottomopenings,diversion
pipeandwaterreleasingtunnelsinthedambodyaswellastheconcreteinthedambodywith
peakgroundmotionaccelerationabove0.2gshallbeappropriatelyincreased.

● ThestrengthgradeofconcreteinthedambodyshallnotbelowerthanC9010(inaccordance
withthecubespecimenwithsidelengthof150 mmfabricatedandcuredwithstandard
method;thecompressivestrengthwithanassurancerateof80% measuredwiththestand-
ardtestingmethodwithin90-dayageshouldnotbelessthan10MPa).

● ThestrengthgradeofconcreteontheoverflowsurfaceshallnotbelowerthanC2825(inac-
cordancewiththecubespecimenwithsidelengthof150mmfabricatedandcuredwiththe
standardmethod;thecompressivestrengthwiththeassurancerateof95% measuredwith
thestandardtestmethodwithin28-dayageshouldnotbelessthan25MPa).

e) Inadditiontothestrengthrequirementsofthedesign,thedamconcreteshallalsomeetthecur-
abilityrequirementsofanti-seepage,frostresistance,anti-scouringandwearresistanceand
corrosionresistanceandlow-heatresistancerespectivelyaccordingtotheoperatingconditions
ofthedamandthespecificconditionsofthelocalclimate.

f) TheseepageresistancegradeofdamconcreteshallbeadoptedinaccordancewithTable7ac-
cordingtothepositionsandhydraulicgradient.Withregardtothestructuressufferingfromthe
watercorrosion,itsseepageresistancegradeshallbeparticularlytestedandstudied,butshall
notbelowerthanW4;theseepageresistancegradeoftheconcreteshouldbemeasuredwitha
specimenwith90-dayageaccordingtothetimefordambodytosustainwaterpressureaction.

Table7 Minimumallowablevalueoftheseepageresistancegradeofthedamconcrete

No. Position Hydraulicgradient
Seepageresistance

grade

1 Insidedambody W2

2
Otherpositionsofdambodyshouldbe

consideredinaccordancewiththe
hydraulicgradient.

i<10 W4

10≤i<30 W6

30≤i<50 W8

i≥50 W10

NOTE IntheTable,ireferstohydraulicgradient.

g) Withregardtotheregionswithfrostresistancerequirements,thefrostresistancegradeforthe
damconcreteshallbeselectedwithreferencetoTable8andaccordingtomultiplefactorsinclu-
dingtheclimaticzoning,frost-thawcycletimes,localmicroclimateconditionsofthesurface,
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moisturesaturationdegree,importanceofstructuralcomponentsandthecomplexityofover-
haul.Thefrostresistancegradeofconcreteintheregionwheretheaveragemonthlytempera-
tureisbelow -25℃shouldbedeterminedaccordingtothespecificsituation.

Table8 Frostresistantgradeofthedamconcrete

Climaticregions Severecoldregion Coldregion Mildregion

Annualfrost-thawcycletimes(times) ≥100 <100 ≥100 <100

Thepositionswhichareimportantinstructure,endures
seriouscoldandaredifficulttooverhaul:

Theoverflow dam withaflow velocityof morethan
25m/s,overflowingice,heavysedimentorheavybed
load,deepholesoroverflowsurfaceatotherpositionand
secondphaseconcrete.

F400 F300 F300 F200 F100

Positions whichendureseriouscoldbuthaveoverhaul
conditions;
(a)Waterlevelchangingareaofupstreamsurfaceofa

gravitydaminwinter;
(b)Overflowsurfacesofspillwayandwateroutletswith
flowvelocitylessthan25m/s.

F300 F250 F200 F150 F50

Thepositionswhichenduresrelativelyseriouscold:

The exposed position on the shaded side of the

gravitydam
F250 F200 F150 F150 F50

Thepositionswhichslightlyendurecold:

Theexposedpositiononthesunnysideofagravitydam
F200 F150 F100 F100 F50

Underwaterpartorinternalconcreteofthegravitydam F50

NOTE1 Theannualfrost-thawcycletimesrefertothealternationtimesforairtemperaturedroppingfromabove
+3℃tobelow -3℃andthenrisinguptoabove+3℃inoneyearandtherise-falltimesofpre-setdesign
waterlevelswhenaveragedailyairtemperatureislowerthan-3℃inoneyear,whicheverisgreater;

NOTE2 Theclimatezoningstandardis:

Severecoldregionreferstoaregionwiththelowestaveragemonthlytemperaturelowerthanorequalto
-10℃;

Coldregionreferstoaregionwiththelowestaveragemonthlytemperaturehigherthan-10℃,butlower
thanorequalto-3℃;

Mildregionreferstoaregionwiththelowestaveragemonthlytemperaturehigherthan-3℃.
NOTE3 Thesunnysidereferstothesurfacewhichwillnotbeshadedbythemassiforbuildingifmostofdaysin

winterarefineandtheaveragesunlighttimeis4hrs.Otherwise,itshallbeconsideredtheshadedside.

h) Accordingtothedurabilityrequirementsofthedamconcrete,thewater-cementratioofthe
concreteshouldnotbegreaterthanthevalueslistedinTable9.
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Table9 Maximumwater-cementratioofconcrete

Climaticregions
Damconcretezoning

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ

Severecoldandcoldregions 0.55 0.45 0.50 0.50 0.65 0.45

Mildregion 0.60 0.50 0.55 0.55 0.65 0.45

i) Iftheambientwateriserosive,cementwithbetteranti-erosionperformanceshallbeselected;

thewater-cementratiooftheconcreteintheexternalwaterlevelchangingareaandtheunder-
waterconcretemaybereducedby0.05comparedwiththatinTable9.Fortheconcreteinthe
high-speedflow area,thelow-flow regimehigh-strengthconcreteorhigh-strengthsilicon
powderconcretewithanti-scouringandwear-resistancepropertiesshallbeused.

6.1.4.5 Materialsofthemasonrydambodyshallmeetthefollowingregulations.

a) Themasonrystoneshallbefresh,completeandhardintexturewithoutaspallinglayeror
cracks.The masonrystoneshallberoughlysquareinshape,basicallyparallelandroughly
smoothontheupperandlowersides,andhaveathicknessgreaterthan200mmwithoutsharp
cornersorthinedges.

b) Thebindingmaterialsofmasonrybodyincludecementmortarandconcrete.Poissonratioμof
themasonryblocksshouldbe0.2to0.25.

c) Theultimatecompressivestrengthfcc ofthemasonrystonesmaybeselectedaccordingto
Table10.

Table10 Ultimateaxialcompressivestrengthofthemasonryblocks Unit:MPa

Masonryblock
saturatedrock
compressive

strength

Strength

Concrete Cementmortar

15.0 10.0 12.5 10.0 7.5 5.0

Masonrystone

≥100 24.0 18.8 18.8 16.0 13.2 11.2

80 22.0 17.1 17.1 14.8 12.2 10.0

60 19.2 14.8 14.8 12.8 10.8 8.8

50 17.3 13.2 13.2 11.6 10.0 8.0

40 14.6 11.8 11.8 10.0 8.8 7.2

30 10.8 10.0 10.0 8.8 7.0 6.4

6.1.5 Damfoundationtreatmentdesign

6.1.5.1 Thedamfoundationtreatmentprinciplesshallcomplywiththefollowingprovisions:
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a) Thefoundationtreatmentschemeshallbedeterminedonthebasisofascertainingthegeological
conditionsofdamsiteandanalysingtherequirementsofthedamonthefoundation.Thedam
foundationtreatmentschemeshallmeetthefollowingrequirements.

● Thedamfoundationhassufficientstrengthtomeettherequirementsofseepagestability.

● Thedamfoundationhassufficientintegrity,homogeneityandrigiditytomeettheanti-slip
stabilityrequirementsandreducetheunevensettlement.

● Thedamfoundationhassufficientdurabilitytopreventthedeteriorationoftherockproperty
underthelong-termactionofwater.

b) Thedamfoundationtreatmentdesignincludesthedamfoundationexcavation,anti-seepageand
drainage,consolidationgrouting,treatmentofthefaultbreakagezoneandweakstructuralsur-
face,andkarstseepagepreventionandtreatment.

6.1.5.2 Thedamfoundationexcavationdesignshallcomplywiththefollowingprovisions.

a) Thepositionofthefoundationsurfaceshallbedeterminedthrougheconomicandtechnicalcom-
parisoninaccordancewiththerequirementsofthedamstructureforthefoundation,effectof
foundationreinforcementtreatmentandconstructiontechnology,constructionperiodandex-
penses.The excavation quantity may be reduced through the foundation reinforcement
treatmentmeasuresandupperstructureadjustmentmeasuresonthebasisofsatisfyingthedam
foundationstrengthandstabilityrequirements.

● Whenthedamheightisover50m,itmaybebuiltinthemiddleareaoftheslightly-weath-
eredtomoderately-weatheredbedrock.

● Whenthedamheightislessthan50m,itmaybebuiltonthemiddletoupperpartofthe
moderately-weatheredbedrock.

● Withregardtothedamsectionattherelativelyhighposition,thecriteriamaybeappropri-
atelylowered.

b) Theformofthefoundationsurfaceofagravitydamshallbedeterminedaccordingtothegeo-
logicalandtopographicalconditionsandtherequirementsofupperstructure.Theelevation
differencebetweenupstreamanddownstream ofthefoundationsurfaceshouldnotbetoo
large,andshouldslightlyinlinetotheupstreamside.Iftheelevationdifferenceoffoundation
surfaceistoolargeorinlinetothedownstreamside,itshouldbeexcavatedintobigstepform
withanobtuseangle.

● Theelevationdifferencebetweenstepsshallbecoordinatedwiththedimensionofthecon-
creteplacementblocksandthepositionofthesub-joint,andadapttothethicknessofthe
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dambodyconcreteatthedamtoe.Theelevationdifferenceshouldnotexceed5m,andthe
stepshouldbeconnectedtoagentleslopewithgradientgreaterthan1∶0.5.

● Withregardtothepositionwithgreatfoundationelevationdifference,thepartitionofthe
damsectionshouldbeadjustedornecessarytreatmentshouldbeperformed.

c) Thefoundationsurfaceofthebankslopedamsectionsonbothsidesshallbeexcavatedinto
stepswithsufficientwidthalongthedamaxis,orotherstructuralmeasuresshallbetakento
ensurethelateralstabilityofthedambody.

d) Iflocalengineeringgeologicaldefectsinthefoundation,suchassurfacemud-mingledfractures,

weatheredcapsule,faultfracturezone,densejointarea,karstfilling materialandshallow
buriedweakinterlayershouldberemovedincombinationwiththefoundationexcavationor
shouldbetreatedafterlocalexcavation.

e) Theblastingmethodinthedamfoundationexcavationdesignshallbeensuredtoprotectthe
damfoundationrockmassfrombeingdamagedorexposedtoadverseconsequences.Corre-
spondingprotectivemeasuresshallbetakenfortherockmasseswhichareeasytobeweathered
andmud-turned.

6.1.5.3 Theconsolidationgroutingforthedamfoundationshallcomplywiththefollowingprovi-
sions.

a) Thedesignoftheconsolidationgroutingforthedamfoundationshallbedeterminedaccordingto
theengineeringgeologicalconditionsofthedamfoundation,damheightandgroutingtestdata,

andshallmeetthefollowingprovisions.

1) The consolidation grouting should be performed in a certain range upstream and
downstreamofthedamfoundation;whenthefracturesintherockmassofthedamfoun-
dationaredevelopedandthegroutingisavailable,theconsolidationgroutingmaybeper-
formedwithintheentirescopeofthedamfoundation,andthegroutingscopemaybeap-
propriatelyexpandedbeyondthedamfoundationaccordingtothestressandgeologicalcon-
ditionsofthedamfoundation.

2) Theconsolidationgroutingshouldbeperformedforthedamfoundationontheupstream
sideoftheimperviouscurtain.

3) Theconsolidationgroutingshallbereinforcedinthefaultfracturezoneortheaffected
zonesonbothsides,orforothergeologicaldefects.

4) Afterthekarstcaveandchannelinthefoundationhavebeenexcavatedandbackfilled,the
consolidationgroutingshallbeappropriatelyreinforcedaroundthekarstcavesandsolution
groovesinthefoundationafterclearingandbackfillingaccordingtothekarstdistribution.
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b) Theporespacingandrowspacingofconsolidationgroutingholesmaybeintherangeof3mto
4m,ordeterminedthroughgroutingtest.Theconsolidationgroutingdepthshallbedetermined
accordingtothedamheightandthegeologicalconditionsafterexcavation,andmaybeinthe
rangeof5mto8m.

c) Theconsolidationgroutingholesshouldbearrangedinquincunxform;withregardtotherela-
tivelyextensivefaultandfracturezones,theholesshallbespeciallyarranged.Thedirectionof
thegroutingholesshallbedeterminedaccordingtotheoccurrenceofmainfracturescombined
withtheconstructionconditionssothattheymaypassthroughmorecracks.

d) Theconsolidationgroutingofthedamfoundationintheupstreamareaofthecurtainandatthe
positionwithageologicaldefectshouldbeperformedafterthe3mto4mconcreteweighted
blankethasbeenapplied,andtheconsolidationgroutingatotherpositionsmaybeperformedin
theformofaconcreteweightedblanketaccordingtothegeologicalconditions;upondemon-
stration,theconsolidationgroutingalsomaybeperformedwithoutconcreteweightedblanket
orbysealingwithlevellingconcrete.

e) Inlinewiththeprincipleofnotliftingthefoundationrockmassandcoverconcrete,theconsoli-
dationgroutingpressureshouldbeincreasedasmuchaspossible.

● Whenthereisaweightedblanket,thepressuremaybeintherangeof0.4MPato0.7MPa
accordingtothethicknessoftheblanket.

● Whenthegroutingissealedwithlevellingconcrete,itsgroutingpressureshouldbedeter-
minedthroughgroutingtesting,andmaybe0.2MPato0.4MPa.

● Withregardtothebedrockandsoftrockwithdevelopedlow-anglestructuralsurface,its
groutingpressureshallbedeterminedthroughgroutingtest.

6.1.5.4 Theanti-seepageand drainagedesignforthedam foundationshallcomply withthe
followingprovisions.

a) Thedesignofseepagecontrolanddrainageofthedamfoundationshallbebasedontheengi-
neeringgeology,hydrogeologicalconditionandgroutingtestdataofthedamfoundation,in
combinationwiththereservoirfunctionanddamheightandcomprehensivelyconsidertherela-
tionshipbetweentheanti-seepageandthedrainagetodeterminethespecificmeasures.

b) Thedamfoundationanti-seepageshouldbeperformedbycurtaingrouting.Theimperviouscur-
tainshallmeetthefollowingrequirements.

1) Reducetheseepageofthedamfoundationandaroundthedamtopreventtheseepageflow
fromadverselyinfluencingthestabilityofthedamfoundationandtheslopesofbothsides.
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2) Preventseepagefailureontheweakstructuralsurfacesofthedamfoundation,inafault
fracturezone,rockmassfracturefillingsandrockstratumwithpoorimpermeability.

3) Lowertheupliftpressureandseepageofthedamfoundationwithintheallowablevalueun-
derthejointactionofthecurtainandthedamfoundationdrainage.

4) Havereliablecontinuityandsufficientimpermeabilityanddurability.

c) Thecentrallineofthegroutingcurtainshouldbesetat1/10ofthedambottomwidthfromthe
damsurface.

d) Thedepthofthecurtaingroutingshouldbedeterminedaccordingtothehydrogeologicalcondi-
tionsoftherockfoundation,andshallcomplywiththefollowingprovisions.

1) Enclosedcurtain:whenareliablerelativeimpermeablelayerexistsbeneaththedamfounda-
tion,andtheburialdepthisrelativelyshallow,theimperviouscurtainshallbeextended
3mto5mintothisrockstratum.Thepermeablerateqofrelativeimpermeablelayershall
be5Lu.

2) Suspendedcurtain:whentheburialdepthoftherelativeimpermeablelayerbeneaththe
damfoundationisrelativelydeeporthedistributionoftherelativeimpermeablelayerisir-
regular,thecurtaindepthshallbedeterminedbystudieswithreferencetotheseepage
computation,consideredtheengineeringgeologicalconditionsandupliftpressureofthe
damfoundation,andincombination withtheengineeringexperience,andshouldbe
selectedwithinthescopeof0.3to0.7timesthewaterhead.

e) Thelengthoftheimperviouscurtainextendedintothebankslopeandthedirectionofthe
curtainaxisshallbedeterminedaccordingtotheengineeringgeologicalandhydrologicalcondi-
tions.Thecurtainshouldbeextendedtotherelativeimpermeablelayerortheintersectionbe-
tweennormalreservoirlevelandundergroundwaterlevel,andshallbeconnectedwiththecur-
tainontheriverbed.

f) Theimperviouscurtainmaybearrangedinasinglerow.

● Whenitisnecessarytostrengthentheanti-seepagecurtainintheareawithpoorgeological
conditions,particularlydevelopedrockmasscracksorpossibleseepagedeformation,the
numberofcurtainrowsmaybeappropriatelyincreased.

● Whenthecurtainisformedwithseveralrowsofgroutingholes,onerowofholesshallbe
drilledtothedesigndepth,andthedepthoftheremainingrowsmaybefrom1/2to2/3of
designdepth.

● Thecurtainholedistancemaybe1.5mto3mandtherowdistancemaybeslightlyless.
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● Theholesshouldbedrilledthroughthemainfractureandbeddingoftherockmass,andmay
beconstructedasinclinedholeswith0°to10°angletiltingtotheupstreamside.

g) Thecurtaingroutingshallbeperformedafterdambodyconcreteofcertainthicknesshasbeen
placedasweightedblanket.Thegroutingpressureshallbedeterminedthroughtest;1.0to
1.5timesstaticheadinfrontofthedamshouldbeselectedinthe1stsectionofcurtainholes,

andthenthepressuremaybeincreasedgraduallyinthefollowingsections;intheholebottom
section,2to3timesstaticheadinfrontofdammaybeselected;whengrouting,thedambody
concreteanddamfoundationrockmassshallnotbelifted.

h) Iftherearefoundationgroutingdrainagegalleriesinthedambody,themaindrainageholesof
thedamfoundationmaybeconstructedonthedownstreamsideoftheimperviouscurtaininthe
gallery,andthedistancebetweenthemaindrainageholeandthecurtainholeonthefoundation
surfaceshouldnotbelessthan2m.

● Whenthedamheightexceeds30m,1to2rowsofauxiliarydrainageholesmaybeconstruc-
tedonthedownstreamsideofthemaindrainageholesifnecessary.Thedistancebetween
themaindrainageholesmaybe2mto3m,andthedistancebetweentheauxiliarydrainage
holesmaybe3mto5m.

● Whentherelativeimpermeablelayerandthegentledipanglerockstratumexistinthefoun-
dation,thedrainageholesshallbereasonablylaidoutaccordingtotheirdistribution.

i) Whenthedamheightislow,thebedrockconditionsaregoodandthelayerisweekpermeable
(thepermeabilitycoefficientislessthan1×10-5 mm/s),thecurtainmaynotbenecessaryand
onlythedrainageisprovided,buttheconsolidationgroutingshallbeperformedattheupstream
ofthedamfoundationsurface.

j) Thedepthofthedrainageholesshallbedeterminedaccordingtothedepthofthecurtainandthe
consolidationgroutingandtheengineeringgeologyandhydrogeologicalconditionsofthefounda-
tion.

1) Thedepthofthemaindrainageholesshouldbe0.4to0.6timesthecurtaindepth,and
shouldnotbelessthan10m;whenafracturedartesianaquiferordeeppermeableareaex-
istsinthedamfoundation,themaindrainageholesshallbeextendedintothispositionin
additiontostrengtheninganti-seepagemeasures.

2) Thedepthoftheauxiliarydrainageholesmaybe6mto12m.

k) Whenthehightailwaterlevellastsforalongtimeorpermeabilityoftherockmassisrelatively
great,theenclosedimperviouscurtainshouldbeconstructedatthedamtoe.

l) Thespecialdrainagefacilitiesmaybearrangedonthedamfoundationofthebankslopedamsec-
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tion;thedrainagetunnelsmaybeconstructedinthemassifofthebankslopewhennecessary
withthedrainageholesalsoconstructed.

m) Whenthewallofthedrainageholeisindangerofcollapseorthedrainageholepassesthrougha
weakstructuralsurfaceormud-mingledfractures,correspondingprotectivemeasuresshallbe
implemented.

6.1.5.5 Treatmentoffaultfracturedzoneandweakstructuralplaneshallmeetthefollowingre-
quirements.

a) Thefaultfracturezoneexposedinthescopeofthedamfoundationismainlycomposedofhard
tectonicrocks.Whenithaslittleinfluenceonthestrengthandcompressiondeformationofthe
foundation,therockmassofthefaultfracturezoneanditsinfluencezonesonbothsidesmaybe
appropriatelyexcavated.Whenthemaincomponentisweaktectonicrockandhascertaininflu-
enceonthestrengthandcompressiondeformationofthefoundation,itmaybereinforcedwith
aconcreteplug.Thedepthoftheconcreteplugmaybe1.0to1.5timesthewidthofthefault
fracturezoneordeterminedaccordingtothecalculation.Thetreatmentofthelongitudinalfault
fracturezonerunningupstreamanddownstreamofthedamfoundationshallproperlyextendbe-
yondupstreamanddownstreamofthedamfoundation.

b) Concretedisplacement,concretedeeptoothwall,concreteplugandothermeasuresmaybe
adoptedfordifferentburieddepthsofweakstructuresurface.Anti-slidepiles,pre-stressedan-
chorcablesandchemicalgroutingmayalsobeadoptedwhennecessary.

c) Theanti-seepagetreatmentmethodsforkarstincludeanti-seepagecurtaingrouting,anti-
seepagewall,etc.,whichshallbeselectedaccordingtothescale,developmentlaw,filling
properties,permeabilityandotherconditionsofthekarst.Forkarstcavesorkarstfissureswith
strongpermeability,thehigh-pressuregroutingtreatmentmaybecarriedoutafterthenecessary
excavationandbackfillingconcreteorsettinggrout-blockingholes(wells).Thegroutingmateri-
alsmaybeselectedaccordingtothescaleofthekarstcavesandfissuresandfillingmaterials,

suchaspurecementslurry,cementmortar,cementclayslurry,cementflyashslurry.Ifneces-
sary,largediameterboreholesmaybedrilledtopourhigh-flowfineaggregateconcrete.

6.1.6 Slopetreatment

6.1.6.1 Slopetreatmentandreinforcementdesignshallconformtothefollowingprinciples,andbe
selectedaftereconomicandtechnicalcomparison.

a) Factorssuchastheslopetopographicalandgeologicalconditions,constructiontechnologyand
thedifficultyshallbecomprehensivelyconsidered.Therelationshipbetweenbuildingandslope
shallalsobeconsideredforslopesassociatedwiththebuilding.

b) Ifmultiplemeasuresarerequiredforslopetreatmentandreinforcement,thetechnicalfeatures
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andsuitabilityofeachmeasureshallbecomprehensivelyconsidered,soastoformaninter-re-
latedcontrolandreinforcementsystem.

c) Treatment measures shallbe preferentially considered.Reinforcement measures may be
providedincasethetreatmentmeasurescannotmeettherequirementsorcannotbeapplied.

d) Thedesignshallbeimprovedandrevisedaccordingtothechangesingeologicalconditionsand
safetymonitoringinformationrevealedduringtheconstructionperiod.

6.1.6.2 Forslopesrelatedtonewbuildings,onthepremiseofmeetingthelayoutofthebuildings,

thedirectionandshapeofexcavatedslopeshallbedeterminedinaccordancewiththetopographical
andgeologicalfeaturesandshallensureslopestability.Ifthedirectionandshapeoftheexcavated
slopeareinconsistentwiththebuildinglayout,thelayoutofthebuildingsshouldbeadjusted,ifper-
mitted.

6.1.6.3 Oneormoreofthefollowingmeasuresmaybeusedintheslopetreatmentandreinforce-
ment:

a) deloading,slopeexcavation,andslopecompression;

b) drainageandseepagecontrol.Drainageincludestheinterceptionanddrainingattheslopesurface
andabovetheslopecrestaswellastheslopebodydraining;

c) slopeprotectionincludesvarioussupportingandstonemasonryprotection,artificialvegetation
appliedforsoilslopes,andshotcrete,fibreshotcrete,wiremeshshotcrete,positiveflexible
supportandgeo-synthetics,etc.forrockslopes;

d) slopeanchorageincludesanchorrods,anti-slidingplugs,etc.;

e) Retainingstructuresincludetypesofretainingwalls,slide-resistantpiles,soilnailing,flexible
passivesupportingmeasures,etc.

6.1.6.4 Acompletesurfaceinterceptionanddrainagesystem shouldbesetupintheslope
treatmentandreinforcement.Iftheslopestabilityiscloselyrelatedtotherockorsoilmasssatura-
tionandthegroundwaterrisecausedbythesurfacewaterinfiltration,anti-seepagemeasuresshould
beprovidedbothwithintheslopeandneartheslopearea.

6.1.6.5 Whenanchoringmeasuresaretakentoreinforcetheslope,thetechnicalfeasibilityandeco-
nomicrationalityofthefollowingcombinationofanchoringandretainingstructuresshallbestudied:

a) anchorrodandretainingwall;

b) anchorrodandslide-resistantpile;
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c) anchorrodandconcretelattice;

d) anchorrodandconcreteslab.

6.1.6.6 Slopetreatmentandreinforcementshalltakeenvironmentalprotectionintoaccountandbe
inharmonywithsurroundingbuildingsandtheenvironment.

6.1.7 Temperaturecontrolanddambodyanti-cracking

6.1.7.1 Thetemperaturecontrolprinciplesshallcomplywiththefollowingprovisions.

a) Withregardtoamediumdamwithadamheightofmorethan30m,thetemperaturecontrolde-
signshallbeperformed,andtemperaturecontrolstandardsandcrack-preventionmeasuresshall
beproposed.Withregardtoalowdam,thetemperaturecontrolandcrack-preventiondesign
shallbeperformedwithreferencetosimilarengineeringexperience.

b) Fortemperaturecontroldesign,itisnecessarytocollecttheannualaveragetemperatureand
amplitude,multi-yearmonthlyaverage/ten-dayaveragetemperature,amplitudeanddurationof
temperature sudden drop and corresponding frequency,river water temperature,dam
foundationgroundtemperature,sunlightandwatertemperatureofsimilarreservoirs,etc.

c) Fortemperaturecontroldesign,itisnecessarytostudytheallowabletemperaturedifferenceof
thefoundation,temperaturedifferencebetweeninsideandoutsidethedamandmaximumtem-

peratureinthedam,andpayattentiontotheinsulationdesignforcoldwaveandwinter.

d) Theultimatetensilevalueofconcreteintherestrainedzoneofafoundationwith28-dayage
shallnotbelessthan0.85×10-4.Fortheconstructionqualitytobeuniformandhigh,thede-
formationmodulusofbedrockandconcreteissimilarandtheplacementblockisuniformly
placedatshortintervals,theallowabletemperaturedifferenceofanormalconcretefoundation
shallbedeterminedaccordingtotheprovisionsinTable11.

Table11 AllowabletemperaturedifferenceΔTofthe
concreteintherestrainedzoneofthenormalconcretefoundation

Heighttofoundation

surface(h)

Longsidelengthofplacementblock(l)

Lessthan17m 17m~21m 21m~30m 30m~40m
40mtoentire

block

0~0.21 26~24 24~22 22~19 19~16 16~14

0.21~0.41 28~26 26~25 25~22 22~19 19~17

e) Fortheexposedsurfaceofconcretelessthan28-dayage,insulationmeasuresshallbetaken;

fortheimportantpositionslikethehighly-restrainedzoneofthefoundationandupstreamsur-
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face,thesurfaceshallbestrictlyprotected.Forthefoundationconcrete,upstreamsurfaceand
otherimportantpositions exposedforalong period,insulation measuresshallalso be
consideredfortheexposedconcretesurfaceafter28days.

f) Intheconstructionprocess,thedamblocksshallriseevenlyasfaraspossible,theheight
differencebetweenadjacentdamblocksshouldnotexceed10mto12mandtheplacinginterval
betweenadjacentdamblocksshouldbelessthan30days.

6.1.7.2 Fortemperaturecontrol,thefollowingmeasuresmaybetaken.

a) Accordingtotheanti-crackingrequirements,thestrengthgradeoftheconcreteatthedambody
foundationpositionshouldnotbelowerthanC9020,andthestrengthgradeofconcreteinthe

dambodyshallnotbelowerthanC9010.Fortheupstreamsurface,thestrengthgradeofcon-

creteshallbecomprehensivelydeterminedaccordingtotheanti-seepage,anti-crackingandfrost
resistancerequirementsandconstructionconditions.

b) Itisnecessarytoreasonablyarrangetheconcreteconstructionproceduresandplacingquantity
allyearround.Itisadvisabletopourtheconcreteinthefoundationconfinedareaduringthelow
temperatureseason,andtopourtheconcreteatnightinthehightemperatureseason,anddam
concretepouringinaseverecoldareashouldbeavoidedinwinter.

c) Inthepremiseofnotinfluencingtheconcretestrengthanddurability,thefollowingmeasures
shallbetakentoreducetheheatvalue:

1) usemicro-expandingcementwithrelativelylow-heatvalueorrelativelyhighmagnesium
oxide;

2) placelow-slumpconcreteorhardconcrete;

3) addefficientadditive;

4) take comprehensive measureslikeimproving the concrete grading and adding the
admixture.

d) Thefollowingmeasuresmaybetakentolowerthemaximumtemperatureoftheconcreteandto
meetthejointgroutingrequirements.

1) Controltheconcreteliftthickness.Insummer,reducetheconcreteliftthicknessbutthe
thicknessshouldnotbelessthan1.0m;ensurethenormalintervalanditispermittedto
waterorspraythesurfaceoftheconcrete.
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2) Reducethetemperatureoftheconcreteduringconstruction.Spraywateronthecoarseag-

gregatepile,spraymist,increaseaggregatepileheight,takematerialfromtheground
ridge,mixwiththecoolingwater,addicewhenmixingtheconcreteandstrictlycontrol
thetransportationtimeoftheconcreteandtheexposuredurationbeforecoveringthecon-
cretelift.

3) Burythecoolingwaterpipeinthedambodyandthesupplywaterforcooling.Whenthe
waterissupplied,thetemperaturedifferencebetweenthedambodyconcreteandthecool-
ingwatershouldnotexceed25℃andthetemperaturedropspeedofthedambodyshould
notbegreaterthan1℃/d.

6.2 ArchDam

6.2.1 Maindesignofarchdam

6.2.1.1 Inadditionto meetingtherequirementsin6.1.1,thearchdam designshallattach
importancetotheshapeselectionofthearchdam,geologicalandhydrogeologicalconditionsofthe
archbaseofthedamsite.

6.2.1.2 Arcdamsareclassifiedintothinarchdam (thickness-heightratiolessthan0.2),medium
archdam(thickness-heightratiolessthan0.2to0.35),andthickarchdam (thickness-heightratio

greaterthan0.35).Damstructuralissuescausedbyflooddischargeshallbestudiedforthinarch
dams.

6.2.1.3 Facilitiestoreduceoremptyreservoirwatershallbeconsideredforarchdams.Anti-
seismicdesignisrequiredforarchdamsinseismicareas.

6.2.2 Dambodystructure

6.2.2.1 Arrangementofthearchdamcrestshallmeettherequirementsin6.1.2.1and6.1.2.2.

6.2.2.2 Flooddischargeoverthedamcrestandthroughthedambodyopeningsshallbeused.The
damcrestdischargemodeshouldbepreferentiallyused.Openingsthroughthedambodyshouldbe

placedawayfromthehighlystressedzoneandthefoundationstressrestraintzone.

6.2.2.3 Whenthefloodisdischargedthroughthearchdambody,thefollowingrequirementsshall
bemet.

a) Thedischargedflowshallreturntothechannelsmoothly,asufficientsafedistanceshallbekept
betweenthe dischargedflow andthe dam toe,sufficient watercushion depthshallbe
maintainedonthedownstreamside,andthedambody,stabilityofmassifonbothsidesandop-
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erationalsafetyofotherstructuresshallnotbethreatened.

b) Whentheamountofflooddischargeislarge,thelongitudinalextensionortransversediffusion
ofthedroppingpointsorthecollidingenergydissipationshouldberesearched.

c) Attentionshallbepaidtotheadverseinfluenceofflooddischargeatomizationonthedown-
streammassifonbothsides,electricalequipmentandmobility;andthecorrespondingprotec-
tivemeasuresshallbetakenwhennecessary.

d) Whenthefloodisdischargedthroughanopeninginthedambody,thetrashpreventionanddis-
chargemeasuresshouldbeinstalled.

6.2.3 Archdamshapedesign

6.2.3.1 Theselectionofthearchdamshapeshallmeetthefollowingrequirements.

a) Thearchdamshapeshallbeselectedinaccordancewiththevalleyshape(aspectratio)atthe
damsite,geologicalconditions,abutmentstability,dambodystress,flooddischargelayout
andconstructionconditions.

b) Whenselectingthearchdamshapeaccordingtothevalleyshapeatthedamsite,thefollowing
provisionsshallbemet.

1) WithregardtoaV-shapevalley,adouble-curvaturearchdammaybeselected.

2) WithregardtoaU-shapevalley,asingle-curvaturearchdamordouble-curvaturearchdam
maybeselected.

3) Whenthesymmetryoftherivervalleyatthedamsiteisrelativelypoor,thehorizontalarch
ofthedambodymaybedesignedintoanasymmetricarch.

4) Whentheshapeoftherivervalleyisirregularorthereislocaldeepgrooveintheriverbed,

itshouldbedesignedintoanarchdamwithacushionabutment.

c) Whenthegeologicalandtopographicalconditionsareunfavourable,thearchdamshapeshallbe
selectedinaccordancewiththefollowingrequirements.

1) Acurvature-changingarchdam withtabulararchringsatbothendsandthrustatspringer
tiltingtothedeepsectionofmassifmaybeadopted.

2) Anarchdam withvariable-thicknessarchthickeningtowardthespringergraduallyorwith
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cushionabutmentmaybeadopted.

3) Whentheupperbedrocksonbothbanksofthedamsitearerelativelypoorortheterrainis
relativelywide,thegravitypierorthrustblock maybedesignedtoconnectwiththe
archdam.

d) Thedesignofthearchdamshapeshallmeetthefollowingrequirements.

1) Avariable-thicknessandcurvature-changingarchwithgentlechangeindambodystress
shallbeadoptedwhennecessarytomeetthecalculationrequirementsofthedambody.

2) Themaximumcentralangleofthehorizontalarchringmaybeintherangeof75°to110°,

andtheintersectionanglebetweenthetangentlineofintradosatthespringerandthecon-
tourlineoftheavailablerocksurfaceshallnotbelessthan30°.

3) Theverticalcantileversectionshallbereasonablydesigned,andtheoverhangdegreeofde-
signedupstreamsurfaceofdesignedcantilevershouldnotbegreaterthan0.3∶1.Underthe

premiseofsatisfyingthedeadweighttensilestresscontrolstandardandthelayoutofdam
orifices,thegreateroverhangdegreeofdesigneddownstreamsurfacemaybeselected
(horizontaltovertical).

e) Accordingtothedambodystress,abutmentstabilityandspecificengineeringconditions,cur-
vature-changingarchformsincludingparabola,ellipse,hyperbola,multi-centredcircleandloga-
rithmicspiralmaybeadopted.

6.2.3.2 Theshapedesignofarchdamshouldfollowthefollowingsteps.

a) Itisnecessarytofirstdefinethecurvilinearequationofthearchdamaxis,itscentralangleand
itscorrespondingcoordinateposition.Whenthedamaxisisacirculararc,thecirclecentrepo-
sition,radiusofdamaxisandsemi-centralangleshouldbedeterminedfirst.

b) Theshapedesignofarchdameshallfirstdeterminethecrowncantilever,horizontalarchring
andpreliminaryarchdamshape,andthencarryouttheshapeoptimizationdesign.

c) Thepositionofthecrowncantilevershouldbeatthelowestpointoftheavailablebedrocksec-
tionlineoftherivervalley;whenthebottomoftherivervalleyisrelativelyflat,itmaybeat
thecentralpositionofthevalley.Thedesignofthecrowncantileversectionincludesthecrown
andbottomthickness,upstreamsurfacecurveanddownstreamsurfacecurve.

● Thetoparchthicknessisthesameasthedamcrestthickness,andshouldbegreaterthan
3.0m;thebottomthicknessmaybepreliminarilydefinedinaccordancewiththeexperience
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andthenfurtheradjustedaccordingtothestressanalysisresults.

● Theupstreamcurveofadouble-curvaturearchdammaybeselectedascirculararcorcombi-
nationofcirculararc,quadraticcurve,cubiccurveandotherkindsofcurves;theupstream
curveofasingle-curvaturearchdammaybeselectedasastraightlineorafoldedline.

● Whentheupstreamanddownstreamsurfacesarecurves,thedamsurfaceshallbesmooth
andcontinuoustoobtainbetterstressdistributionconditions.

d) Theelevationofhorizontalarchringsshallbedeterminedfirstandthequantityofarchringsmay
be5to10.Thearchringtypesmayincludeholo-centriccirculararch,multi-centrecirculararch,

ellipticarch,parabolicarchandlogspiral;thecurvatureshouldbegraduallydecreasedfromthe
crowntothespringer.Thehorizontalarchringmaybeaddressedwiththecentrelineofthearch
ringandthefunctionofthearchthickness;thecentrelineofthearchringmaybeaddressedwith
theequationofthecurvatureradiuswiththecentralangleastheindependentvariable.

e) Theinitialshapeofthearchdammaybeobtainedbydeterminingthecrowncantileverandhori-
zontalarchring.Therationalityofarchdamshapemaybeinspectedwiththenumericalanalysis
method,andtheappropriateshapeshouldbeobtainedbyseveraliterationsandoptimization.
Thestressdistributionofthearchdamandtheactingforceatthespringershallbecalculatedby
thearch-cantilever method,andtheanti-slipstabilityofthearchdam abutmentshallbe
reviewedbytherigidbodylimitequilibriummethod.

f) Theoptimizationdesignofthearchdamshapeismeanttoarrangeseveralconstraintconditions
firstandtoregardthevolumeofthearchdamastheoptimizedobjectivefunction;thecon-
straintfunctionsincludegeometricconstraint,stressconstraintandstabilityconstraint;and
thenthearchdamshapeshouldbesolvedbythemathematicalprogrammingapproach.The
structuralstressanalysisshouldperformedwiththearch-cantilevermethod.

6.2.4 Stressandstabilityanalysis

6.2.4.1 Theloadandloadcombinationactingonthearchdamshallmeetthefollowingrequirements.

a) Theloadsactingonthearchdaminclude:deadweightofthedambody,hydrostaticpressure,

upliftpressure,sedimentpressure,wavepressure,icepressure,hydrodynamicpressure,

earthquakeload,temperatureloadandotherpossibleloads.

b) Archdamdesignloadcombinationmaybedividedintothebasiccombinationandthespecial
combination,accordingtotheprovisionsofTable12.
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Table12 Combinationforactioneffects

Load
co

m
bination

Mainconsideration

Loadcategory

Dead
weig ht

Hy drostatic
p ressure

Temperatureload

Desig ned
normal

te
m
p erature

rise

Desig ned
normal

te
m
p erature

drop

Up lift
p ressure

Sediment
p ressure

W
ave

p ressure

Ice
p ressure

Hy drody namic
p ressure

Seismic
load

Basic
co

m
bination

1.Normalreservoirlevel √ √ √ — √ √ √ √ — —

2.Normalreservoirlevel √ √ — √ √ √ √ — — —

3.Designedfloodlevel √ √ — √ √ √ √ — — —

4.Deadwaterlevel(orthelowestoperatingwater
level)

√ √ — √ √ √ √ — — —

5.Othercommonadverseloadcombinations

Sp ecial
co

m
bination

1.Checkedfloodsituation √ √ — √ √ √ √ — √ —

2.Earthquake
situation

1)Basiccombination1+seismic
load 

√ √ √ — √ √ √ √ — √

2)Basiccombination2+seismic
load 

√ √ — √ √ √ √ — — √

3)Commonlow waterlevel +
seismicload

√ √ — √ √ √ √ — — √

3.Construction

period

1)Nogrouting √ — — — — — — — — —

2)Construction flood occurred
withoutgrouting

√ √ — — — — — — — —

3)Grouting √ — √ √ — — — — — —

4)Construction flood occurred
withoutgrouting

√ √ — √ — — — — — —

4.Otherrareadverseloadcombination

NOTE1 Intheaboveloadcombinations,controlledloadcombinationscanbeselectedforcalculationaccordingto
theactualsituationoftheproject.

NOTE2 Inareaswithfrequentearthquakes,measuresshouldbetakentoclosethearchintimewhentheconstruc-
tionperiodislonger.Whennecessary,theseismicloadisconsideredintheloadcombination.

NOTE3 Constructionconditions3)grouting,shallbenecessaryaccounting,asaspecialcombination.

6.2.4.2 Inthearchdamstressanalysis,atleastpartorallofthefollowingcontentsmaybecalculat-
edaccordingtotheprojectscale,thespecificsituationofthedamandvariousdesignstages:

a) thestressdistributiononvariouscalculationsections(includingthearchabutment,archcrown
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andotherpositionswithstresstobecalculated);

b) theprincipalstressofupstream/downstream surfacesofdam bodyonvariouscalculation
points;

c) thelocalstressoftheweakpositions(cavernsanddrainagepipelines)ofthedambody;

d) theinnerstressofthedamfoundation(particularlytheweakintercalatedlayerandfault)should
beanalysedwhennecessary.

6.2.4.3 Inthearchdamstressanalysis,thefollowingissuesshallbestudiedaccordingtotheirim-
portanceandnecessity:

a) theinfluenceofdifferentshapesandlayoutsonthedambodystressdistribution;

b) theinfluenceoffoundationdeformationonthedambodystress;

c) theinfluenceofbigcavernsinthedambodyonthedambodystress;

d) theinfluenceofstagedimpounding,stagedconstructionandconstructionproceduresonthe
dambodystress;

e) theinfluenceofthearch-jointsealingtemperatureonthedambodystress;thearch-jointsealing
temperaturethatisfavourablefordambodystressshallbeselectedfirst;

f) theinfluenceofconcretecreeponthedambodystress;

g) beforegroutingtransversejointsinthedambody,thedambodystressandstabilityagainstthe
overturningoftheindividualdamsectionshallbeverified;

h) theinfluenceonthedambodystressifthegravityabutment,thrustblockorperipheraljointare
setforanarchdam.

6.2.4.4 Thearchdamstressanalysisshallmeetthefollowingrequirements.

a) Thearchdamwitharelativelycomplexsituation(suchasbigcavernsinthearchdamorcompli-
catedfoundationconditions),thefiniteelementmethodshallalsobeadoptedforanalysisinad-
ditiontothecalculationwiththearch-cantilevermethod.

b) Whenthestressanalysisofarch-cantileveriscarriedout,thearch-cantilevergridsystemshall
bereasonablylaidoutaccordingtothetopographicalandgeologicalconditions,andthegrid
shouldbedensifiedatthepositionwithrelativelylargestressgradientchanges.
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c) Whenthefiniteelementmethodisusedforstressanalysis,thefoundationcalculationscope
shallnotbelessthan1.5timesthedamheight,andthestresscalculationresultshallbesubjec-
tedtoequivalenttreatment.Thedivisionoftheunitshallmeettheprecisionrequiredbythede-
sign;thetypeoftheunitshallbereasonablyselectedaccordingtotheshapeofthearchdam;

thecalculationshallbeclosetotheactualsituation;andtheconstructionprocessshallbecon-
sideredforthecalculationofdeadweightofthedambody.

6.2.4.5 Thecontrolindicesshallcomplywiththefollowingprovisions.

a) Theprincipalcompressivestressandprincipaltensilestressofthedambodyshallmeetthefol-
lowingprovisionswhencalculatedbythearch-cantilevermethod.

1) Allowablecompressivestress:theallowablecompressivestressoftheconcretemaybe
determinedbydividingthestandardvalueofconcretestrength(theultimateaxialcompres-
sivestrengthvalueofmasonrybody)bythesafetyfactor.Concretestrengthstandard
valuemayhavethestrengthof150mmcubewith90daysofage,andtheguaranteedrate
is80%.Forthebasicloadcombination,thesafetyfactorshallbe3.5;forthespecialload
combinationundernon-seismicconditions,thesafetyfactorshallbe3.0.

2) Allowabletensilestress:underthepremiseofkeepingtheabutmentstable,theaction
scopeandvalueforthetensilestressofthedambodymaybereducedbyadjustingthe
shapeofthedam.Forthebasicloadcombination,thetensilestressshallnotbemorethan
1.2MPa;forthespecialloadcombinationundernon-seismicconditions,thetensilestress
shallnotbemorethan1.5MPa.

b) Whencalculatingwiththefiniteelementmethod,thefiniteelementequivalentstressshallalso
becalculated.Theprincipaltensilestressandprincipalcompressivestressofthedambodyob-
tainedinaccordancewithfiniteelementequivalentstressshallcomplywiththefollowingprovi-
sionsforthestresscontrolindex.

1) Allowablecompressivestress:itshallbesubjecttotheprovisionof6.2.4.5itema).

2) Allowabletensilestress:withregardtothebasicloadcombination,thetensilestressshall
notbemorethan1.5MPa;withregardtothespecialloadcombinationundernon-seismic
conditions,thetensilestressshallnotbemorethan2.0MPa.

c) Inthearchdamstressanalysis,thedambodystressandstabilityagainstoverturningduringthe
constructionperiodshallalsobeverifiedinadditiontotheoperatingperiod.Beforegroutingthe
seamsofthedambody,themaximumtensilestressofthedambodyshallnotbemorethan
0.5MPa,andthepointofresultantforceshallbewithinthescopeof2/3inthemiddleofthe
dambodythicknessunderthesingleactionofdambodydeadweight.Whenthedambodyen-
countersaconstructionfloodbeforethetransversejointsaregrouted,thestabilityagainst
overturningsafetyfactorforthedambodyshallnotbelessthan1.2.
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d) Whentheseismicloadistakenintoaccount,thecompressivesafetycoefficientofthedamcon-
creteis4.1,andthetensilesafetyfactoris2.4.

6.2.4.6 Thearchdamstabilityanalysisshallcomplywiththefollowingprinciples.

a) Whenevaluatingthestabilityoftheabutmentsonbothsides,thefollowingbasicworkshallbe
carriedout:

1) checkouttheengineeringgeologicalandhydro-geologicprospectingdatafortherockmass
onbothsides;

2) comprehendthetestconditionsforthephysicalandmechanicalpropertiesoftherock,

structuralsurfaceandfiller,studythetestresults,selectandusethedesigndatareasona-
bly;

3) determinethevariousforcesactingontheabutment;

4) adoptthereasonablestabilityanalysismethod.

b) Whenstudyingtheabutmentstability,itisnecessarytocomprehensivelyanalysetheinfluence
factorssuchasthelayoutofthedam (includingthedamaxis,planelayout,archabutment
structure,shapeandfloodreleasemethod),dambodystress,foundationtreatmentandcon-
structionmethod.

c) Withregardtothegeologicaldataforthearchdamstabilityanalysis,inadditiontotheroutine
exploration,itisalsonecessarytoascertaintheoccurrence(includingdirectivityofdiscontinu-
ous fracture in groups),unevenness,intensive degree,connectivity rate,filler and
diastrophismofmainweakstructuralsurfaceswhichinfluencetheslidingoftherockmassor
mightcauserelativelysignificantdeformationtotheabutment,aswellasthepossiblecombina-
tionofthestructuralsurface,thenatureanditsdistributioncharacteristicsofsubsurfaceseep-
ageflowintherockmassoftheabutment.

d) Therockmechanicsindicesfortheabutmentstabilityanalysisincludesthecompressionresist-
ance,shearingresistance,tensilestrengthandmodulusofdeformation,Poisson’sratioand
permeabilitycoefficientshallbeobtainedbysamplingforlaboratorytest.

e) Theabutmentstabilityanalysismainlyinvolvesthestudyofthepossibleslidingoftherock
mass;however,whentheareanearthedownstream sideoftheabutment mightsuffer
relativelysignificantdeformationduetoarelativelysignificantfaultorweakbelt,thedeforma-
tionproblemoftheabutmentshallalsobestudiedinparticular.

f) Theanti-slipstabilitycalculationshallmeetthefollowingrequirements.
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1) Theboundaryofthepossibleslide massintheanti-slipstabilityanalysisshouldbe
composedofseveralslipsurfacesandfreefaces.Theslipsurfacesshallbevariousstruc-
turalsurfacesintherockmass,particularlytheweakstructuralsurfaces;thefreefaces
shallbethesurfaceortheweakstructuralsurface.Theslipsurfacesshallbedetermined
afterobtainingthemostlikelyslidingfailureformonthebasisofengineeringgeological
survey.

2) Theshearstrengthcoefficientoftheslipsurfaceandtherockmassonbothsides(including
fillingintheslipsurface)shallbedeterminedthroughjointstudybythedesigners,geolo-
gistsandtestersaccordingtothesamplingtestvalues,incombinationwiththeactualsit-
uationoftherockmass,thepossiblechangesafterwaterfillingandtheengineeringtreat-
mentmeasurestaken,andwithreferencetosimilarengineeringexperience.

3) Theabutmentstabilitycalculationshallincludetheactingforcetransferredfromthedam
body,deadweightofrockmass,seepagepressureandseismicload.Thenumericalcom-
putationmethodforabutmentanti-slipstabilityusuallyemploystherigidbodylimitequi-
libriummethod.Theactingforcetransferredfromthedambodyiscalculatedbyusingthe
correspondingresultcalculatedwiththearch-cantilevermethod.Thearchdam withcom-
plexgeologicalconditionsshallbeanalysedbythefiniteelementmethodorothermethods.

4) Whentherigidbodylimitequilibrium methodisusedfortheanti-slipstabilityanalysis,it
maybecalculatedinaccordancewiththeFormula(3)ortheFormula(4).

5) Theanti-slipstabilitycalculationsafetyfactorsK'andKshallnotbelessthanthevaluesre-
quiredinTable13.

Table13 Safetyfactorofanti-slipstability

Loadcombination K' K

Basiccombination 3.0 1.30

Specialcombination
Non-seismicconditions 2.5 1.10

Seismicconditions 2.7 /

6.2.5 Dambodyconstruction

6.2.5.1 Thejointsofthedambodyshallmeetthefollowingrequirements.

a) Thetransversejointsshallbesetfortheconcretearchdam,whichshouldbelaidoutinthera-
dialornearlyradialdirection,thetransversejointsurfacemaybeaverticalplane,thebottom
jointsurfaceofthetransversejointshouldbenearlyorthogonaltothebasicplaneandtheinter-
sectionangleshallnotbelessthan60°.Akeywayshallbeprovidedonthetransversejointsur-
faceandagroutingsystemshallbeembedded.Thekeywayshallbeintheverticaldirection,and
shouldtrapezoidalorarch-shaped.
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b) Thepositionsandspacingoftransversejointsshallbedeterminedbyconsideringsuchfactorsas
thedamfoundationconditions,temperaturecontrol,stressdistributioninthedambody,size
oftheflood-releaseorificeinthedambody,structurallayoutofcavernsinthedamandthecon-
creteplacingcapacity,whichmightcausefracturestotheconcrete.Thespacingbetweentrans-
versejoints(arclengthalongupstreamsurface)shouldbe15mto25m.

c) Thejointgroutingshallbeappliedfortransversejointsandlongitudinaljoints.Whengrouting,

thedambodytemperatureshallbereducedtotherequireddesignvalue.Theopeningwidthof
thejointsshouldnotbelessthan0.5mm.Theageofthedambodyconcreteonbothsidesofthe
jointshouldnotbelessthan4monthsaftereffectivemeasureshavebeentaken.Onlyafterthe
concretionofgroutedslurryreachestheexpectedstrength,canthedambodyretainthewater
andenduretheforce.Whenthetransverse(longitudinal)jointsofarchdamhavenotbeengrou-
tedandtemporaryfloodrestrainingisneeded,specialdemonstrationshallbemade.

d) Thejointsurfacesshallbedividedintoseveralenclosedareaswithgroutstopplatesforgrou-
ting.Thewater-stopstripsoftheupstreamsurfaceanddownstreamsurfaceofthetransverse
jointsmaybeusedconcurrentlyasthegroutstopplates.

● Theareaofeachgroutingareashouldbe200m2to400m2,andtheheightshouldbe9mto
15m.

● Intheformationofgroutingandliftingpipelinesanddischargingfacilities,plastictubespul-
lingmodeandpulpingboxmodemaybeadopted.

● Thegroutinletandoutletpipeorificesandthewaterdrainpipeoutletinthesamegrouting
areaofthetransverse(longitudinal)jointshouldbeconcentratedintheareasnearthegallery
orthebridgedownstreamofthedam.

e) Thegroutingpressureofthetransverse(longitudinal)jointshallbedeterminedinaccordance
withdambodystressandthedeformationconditions.Inadditiontothetoplayer,theupper
partofthegroutingareashouldhavea9m-thickconcreteweightedblanket.Thegroutingpres-
sureoftoplayermaybe0.1MPato0.3MPa.

6.2.5.2 Thegalleriesandpassagewaysinthedamshallbearrangedforavarietyofpurposessuchas
foundationgrouting,drainage,safetymonitoring,inspectionandmaintenance,operation,mobility
inthedamandtherequirementsoftheconstructionperiod.Withregardtothinarchdams,thegal-
leriesmaynotbearranged.Thelayoutofthegalleriesmaybecarriedoutaccordingto6.1.4.1.

6.2.5.3 Thewater-stopstripsshallbearrangedontheupstreamsurfaceofthetransversejointin
thedambody,thedownstreamsurfaceandoverflowsurfaceofthetransversejointsbelowthe
checktailwaterlevelaswellasthecontactsurfacebetweenthedambodyinsteepslopesectionand
sideslope.Thewater-stopstripsforthetransversejointsorfoundationshallbeproperlyconnected
tothedamfoundation;theburialdepthofconnectedwater-stopstripinthebedrockmaybe0.3mto
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0.5m.Thewaterstopmaybedesignedaccordingto6.1.4.3.

6.2.5.4 Verticaldrainpipesshouldbeinstalledinthedambody,whichmaybeimplementedaccord-
ingtotherequirementsin6.1.4.3.Thinarchdaminfreezing-freeareasmaynotbeequippedwith
drainagepipes.

6.2.5.5 Thedambodymaterialzoningshallmeetthefollowingrequirements.

a) Thestrengthshallberegardedasthemaincontrolindexinthedesignofthearchdamconcrete
strengthgradedivision.Otherperformanceindexesfortheconcreteshallbeverifiedaccording
totherequirementsofdifferentpartsofthedambody;theperformanceindexesoflocalcon-
cretemaybeimprovedwhennecessary,withdifferentstrengthgradesdefined.Whenthedam
bodythicknessislessthan20m,thestrengthgradeofconcreteshouldnotbezoned.Themini-
mumwidthofthesamelayerofconcretestrengthgradeshouldnotbelessthan2m.

b) Theconcretemechanicalandthermalindicesshallbecomprehensivelystudied.Inadditionto
meetingthelowthermalrequirementsofconcrete,theconcreteshallhavesufficientstrength,

especiallytheearlystrength.Theconcretematerialdurabilityindexmaybeselectedaccordingto
therequirementsin6.1.4.4.

6.2.6 Damfoundationtreatmentdesign

6.2.6.1 Thedamfoundationtreatmentincludestheexcavation,consolidationgrouting,seepage
controlanddrainage,thekarstanti-seepagetreatment,faultfracturezoneandweaksurfacetreat-
ment,andshallmeettherequirementsin6.1.5.Specialattentionshallbepaidtotheshapeoffoun-
dationsurfaceresultinginadverseeffectsonthestressdistributionofthedambody.

6.2.6.2 Damfoundationexcavationshallmeetthefollowingrequirements.

a) Therocksurfaceonbothbanksshouldbeexcavatedintoaradialplane.Whentheexcavatedvol-
umeistoosubstantialduetoarelativelythickarchabutment,thein-completeradialplane
shouldbeused.Itisprovedthattherocksurfacefortheabutmentmayalsobeexcavatedinto
othershapes.

b) Theelevationdifferencebetweentheupstreamanddownstreamsidesoftherocksurfaceinthe
riverbedsectionshallnotbetoogreat,andshouldbeslightlytiltedtowardtheupstreamside.

c) Theblastingdesignofdamfoundationexcavationshouldadoptthemethodofpre-splittingblas-
ting.Thelongitudinalslopeofthe wholedamfoundationshouldbesmooth withoutabrupt
change.

6.2.6.3 Inordertoimprovetheshearstrengthofthearchdamfoundationcontactsurfaceandpre-
ventseepagealongthefoundationcontactsurface,contactgroutingshallbecarriedoutforsteep
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wallswithagradientgreaterthan50°to60°.Contactgroutingshouldbecarriedoutbyusingthecon-
solidationgroutingholesandcurtaingroutingholes.

6.2.6.4 Whenthestabilityandsafetyofthearchabutmentisaffectedbyweakstructuralsurfaces
suchastheinter-beddingordislocationwithinthetwoabutmentrocks,correspondingreinforcement
measures(suchasanti-slidekeys,loadtransferringwallsandhigh-pressuregroutingconsolidation)

shallbeimplementedfortheabutmentfoundation.

6.2.7 Temperaturecontrol

6.2.7.1 Archdamtemperaturecontrolshallbebasedonthenaturalconditionssuchasairtempera-
ture,watertemperatureandgroundtemperature,andthestructuralfeaturesofthedambody,raw
materialsforconcreteandconcreteperformance,andreasonabletemperaturecontrolstandardsand
crackpreventionmeasuresshallbeformulated.

6.2.7.2 Theconcretetemperaturecontrolrequirementsmaybeimplementedaccordingtothere-
quirementsin6.1.7.

6.2.7.3 Thetemperaturefieldofarchdamjointgrouting(i.e.thejointgroutingtemperaturefield)

shallbeadjustedaccordingtothetemperaturefieldofthedambodyconcrete.Thelayoutofthecool-
ingwaterpipeandtheselectionofwatercoolingmethodshallbebeneficialtoreducethetempera-
tureloadofthearchdam.Thearchdam withoverhangingsectionshallbegroutedintime.When
performingjointgroutingforthedamsectionduringthehigh-temperatureseason,thesurfaceofthe
damshallbekeptwarm.

6.3 Concretefacedrockfilldam

6.3.1 Generalprovisions

6.3.1.1 Thedamaxisshallbedeterminedthroughtechnicalandeconomiccomparisonaccordingto
thegeologicalandtopographicalconditionsofthedamsite,andinfavouroflayingoutthetoeslab
andotherstructuresoftheproject,andconvenienceforconstruction.Thedamaxisshouldbelaidin
astraightline.

6.3.1.2 Therockfilldambodymaybebuiltonthedensealluvialdepositontheriverbed.Whenthe
alluvialdepositcontainsasilty-finesandlayerandacohesivesoillayer,itssafetyandeconomicra-
tionalityshallbedemonstratedincombinationwiththeanalysisofthestabilityanddeformationof
thedambody.

6.3.1.3 Whenthespillwayislaidoutonthedamabutment,theconnectionbetweenthefaceslab
andthespillwaysidewallorguidewallshallbeproperlydesigned.

6.3.1.4 Whendeterminingthestyleandsizeofthestructureinthelayoutoftheproject,acompre-
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hensivecomparisonshouldbemadeincombinationwiththebalancebetweentheexcavatedvolume
oftherocksforthestructuresandthefillingvolumeofthedambody.

6.3.2 Damcrest

6.3.2.1 Thecrestofthefacedrockfilldamshallnotbelowerthanthecheckfloodlevel.Theup-
streamsideofthedamcrestshallbeprovidedwiththewavewall,andtheelevationofthewave
wallshallbehigherthantheelevationofthewavetop.Theelevationdifferencebetweenthewave
wallcrownandthenormalreservoirlevelorcheckfloodlevelmaybecalculatedaccordingtothe
Formula(9).Thewavewallheightmaybe4mto6mandthewallcrownmaybe1mto1.2mhigher
thanthedamcrest.Thebarrierorcurbshallbearrangedonthedownstreamsideofthedamcrest.

Δh=RF+hz+A …………………………(9)

where

Δh istheheightdifferencebetweenthewavewallcrownandthenormalreservoirlevelorcheck
floodlevel,inm;

Rf istheWaverun-up,tobecalculatedinaccordancewithAppendixA,inm;

hz istheheightdifferencebetweenthewavecentrelineandthenormalreservoirlevelorcheck
floodlevel,tobecalculatedinaccordancewithAppendixA,inm;

A isthefreeboard,selectaccordingtoTable2,inm.

6.3.2.2 Settlementmarginshallbereservedatthedamcrest,anditsvalueshallbedeterminedby
calculationorengineeringanalogy.

6.3.2.3 Thedamcrestwidthshallbedeterminedaccordingtotheoperationaldemand,layoutofthe
facilitiesonthedamcrestandconstructionrequirements;thedamcrestwidthshouldbe5mto8m.
Whenthedamcrestisusedfortransportation,thedamcrestwidthshallbeselectedaccordingto
therelevantprovisions.

6.3.2.4 Thewavewallshallmeetthefollowingrequirements.

a) Theelevationofthehorizontaljointbetweenthewavewallandtheconcretefacetopshouldbe
higherthanthenormalreservoirlevel.

b) Thedambodyabovethebottomelevationofthewavewallshallbefilledwithfinerockfillmate-
rialsandthepavementshallbelaid.Whenthereareroadsonthedamcrest,thepavementon
thedamcrestshallbedesignedinaccordancewiththeroadstandards.
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c) The0.6mto0.8mwideaccessforinspectionshouldbearrangedonthebaseslabupstreamof
theverticalwallofthewavewall.

d) Thewavewallshallbefirmandwaterproof,andshallbesubjectedtostabilityandstrengthver-
ification.Thewavewallshallhaveexpansionjointsinwhichalayerofcopperwater-stopstrips
orPVCwaterstopbeltsshallbeinstalled,andbeconnectedtothewater-stopstripsforthehor-
izontaljointbetweenthewavewallandthefaceslab.

6.3.2.5 Thedamcreststructureshallbeeconomicalandpractical,thebuildingdesignshallbebeau-
tifulandelegant,andthelightinganddrainageshallbeproperlydesigned.

6.3.3 Damslope

6.3.3.1 Whenthedamconstructionmaterialsaregoodqualityhardrockfillmaterials,thegradient
oftheupstreamanddownstreamdamslopesmaybe1∶1.3to1∶1.4;whenthedamconstruction
materialsarenaturalsandygravelaggregates,thegradientoftheupstreamanddownstreamdam
slopesmaybe1∶1.5to1∶1.6.Thedamslopbuiltonsoftrockfillorsoftfoundationshallbedeter-
minedbystabilitycalculation.

6.3.3.2 Whentheroadsarebuiltonthedownstreamdamslope,thedamslopebetweentheroads
maybeadjustedinlocalposition.

6.3.3.3 Thedownstreamdamslopeshouldbepiledwithrockblocks;theslopesurfaceisrequired
tobeflatandhaveaproperappearance.

6.3.3.4 Theflatnessshallberequiredfortheupstreamslopesurfaceinthecushionlayerareaduring
theconstructionperiod,andbeprotectedinatimelymanner.

6.3.4 Dambodyzoning

6.3.4.1 Thedambodyshallbezonedaccordingtotheaggregatesourcesaswellastherequirements
ofthestrength,permeability,compressibility,constructionconvenience,andeconomicrationality.
Thedam body may bezoned,from upstream to downstream,intothecushionlayerarea,

transitionalarea,mainrockfillareaanddownstreamrockfillarea.Thespecialcushionlayerareashall
bearrangedbelowtheperipheraljoints.Thewaterpermeabilityofthedammaterialsindifferentare-
asshouldbeincreasedfromupstreamtodownstreamaccordingtothehydraulictransitionrequire-
ment.Thedammaterialforthedownstreamrockfillareaabovethedownstream waterlevelisnot
subjecttothisrestriction.Theupstreamsectionoftherockfilldambodyshallhavelowcompressi-
bility.Thehardstoneriprapmaybearrangedunderthewaterofthedownstreamdamtoeofthedam
bodyifnecessary;thisriprapareamaybetheintegralpartofthedownstreamcofferdam.Additional
zonesofthedambodymaybeaddedtothedambodyincombinationwiththerockmaterialsexcava-
tedfromthestructuresandtheaggregatesourcesavailablenearby.RefertoFigure3forthezoning
schematicdiagramofthehardrockfilldambodyontherockfoundation.
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Key
1A upstreamblanketarea        1B weightyblanketarea

2A cushionlayerarea          2B speciallayerarea

3A transitionalarea           3B mainrockfillarea

3C downstreamrockfillarea       3E ripraparea

P  rockblockmasonry          F faceconcreteslab

Figure3 Zoningschematicdiagramofthehardrockfilldambodyonrockfoundation

6.3.4.2 Thehorizontalwidthofthecushionlayerareashallbedeterminedaccordingtothedam
height,terrain,constructionprocessandeconomiccomparison.

● Whendirectunloadingbycar,levellingbybulldozer,thehorizontalwidthofthecushionlayerar-
eashouldnotbelessthan3m.

● Whenspecialspreadingmeasuresaretaken,thewidthofthecushionlayerareamaybereduced,

andthewidthofthetransitionalareamaybeincreasedcorrespondingly.

● Thecushionlayerareashallbeextendedappropriatelytothedownstreamregionalongthe
contactsurfaceofthebedrock;theextensionlengthisrelatedtotheterrainofthebankslope,

thecharacteristicsofthebedrockandthedamheight.Thespecialcushionlayerareawiththethin
layercompactionshallbearrangedonthedownstreamsideoftheperipheraljoint.

6.3.4.3 Ifthehardrockfillmaterialisusedasthemainrockfillarea,thetransitionalareashallbear-
rangedbetweenthemainrockfillareaandthecushionlayerarea.Thehorizontalwidthofthetransi-
tionalareashallnotbelessthan3m.

6.3.4.4 Whenthesoftrockfillmaterialisusedasthemainrockfillareaofmedium/lowdams,and
itspermeabilitycannotmeettherequirementsoffreedrainage,theverticaldrainageareashallbear-
rangedintheupstreamsideofthedamandthehorizontaldrainageareashallbearrangedalongthe
bottom.Thedrainagecapacityofthedrainageareashallensurethatallseepagewatercanbedrained
freelyoutofthedam;invertedfiltermaybearrangedontheupstreamsideoftheverticaldrainage
areawhennecessary.Therockfill(gravel)materialforthedrainageareashallbehardandwithhigh
weatheringresistance.

6.3.4.5 Withregardtothedambodybuiltwithsandandgravel,thereliableverticalandhorizontal
drainageareasshallbearranged.
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● Thetopelevationoftheverticaldrainageareashouldbehigherthanthenormalreservoirlevel,

andthedrainagecapacityofthedrainageareashallensurethatalltheseepagewatercouldbe
drainedfreelyoutofthedam.

● Thenecessityofarrangingthetransitionalareabetweenthecushionlayerareaandthesand-
gravelmainrockfillareashalldependonthegradingofthesand-gravelaggregate.

● Theslopeprotectionshallbeappliedonthedownstreamside,ortheexcavatedrockmaterials
maybeusedforthedownstreamrockfillarea.

6.3.4.6 Ifthedamfoundationisasand-gravellayer,andtheinter-layerinrelationtothedammate-
rialsdoesnotmeetthefilteringrequirements,thehorizontalfiltershallbearrangedonthesurfaceof
thedamfoundation.

6.3.5 Dammaterials

6.3.5.1 Thecushionlayermaterialsmaybeartificialaggregates,sandygravelmaterialsoramixture
ofboth;theartificialaggregatesshallbemadeofhardandhighlyweather-resistantrocks.Thecush-
ionlayermaterialsshallhavegoodgradingwithamaximumparticlesizeof80mmto100mm,the
contentofparticlessmallerthan5mmshouldbe30%to50%andthecontentofparticlessmaller
than0.075mmshouldnotexceed8%.Aftercompaction,itshallhavelowcompressibilityandhigh
shearstrength,andgoodconstructioncharacteristics.Whendammingwithnaturalsandygravelag-
gregates,thecushionlayer materialshallbecontinuousingradingandstableintheinternal
structure;aftercompaction,thepermeabilitycoefficientshouldbe1×10-4 mm/sto1×10-5 mm/s
Withregardtoaconcretefacerockfilldaminacoldregion,thegraincompositionofthecushionlay-
ermaterialshallmeetthewaterpermeabilityrequirements.

6.3.5.2 Anti-filtermaterialswithmaximumparticlesizeofnomorethan40mm,stableinternal
structureandself-curingeffectonthejointroofcoalash,silty-finesandandcaulkingslurryshallbe
usedforspecialcushionarea.

6.3.5.3 Thetransitionalmaterialshallbegradedcontinuouslyandthemaximumparticlesizeshall
notexceedthan300mm.Afterrollingcompaction,itshallhavelowcompressibility,highshear
strengthandfreewaterpermeability.Thetransitionalmaterialsmayemployexcavatedrockfillmate-
rial,screenednaturalsandygravelaggregatesorrockmaterialfromtheexcavationofthetunnel.

6.3.5.4 Thehard-rockmainrockfillmaterialshouldhavegoodgraincompositionaftercompaction,

andthemaximumparticlesizeshallnotexceedthethicknessofthecompactedlayer.Thecontentof
particlessmallerthan5 mm shouldnotexceed20% andthecontentofparticlessmallerthan
0.075mmshouldnotexceed5%;itshallhavelowcompressibilityandhighshearstrength.

6.3.5.5 Thedownstreamrockfillzonebelowthedownstreamwaterlevelshallbebuiltwithhardand
highlyweather-resistantrockfillmaterial,andthecontentofparticlessmallerthan0.075mmshallbe

35

SHP/TG002-5:2019



controlledtobenotmorethan5%;afterrollingcompaction,itshalldrainwaterfreely;therequire-
mentsfordammaterialsfromthedownstreamrockfillzoneabovethedownstream waterlevelmay
belowered.

6.3.5.6 Whendammingwithsandygravelaggregate,theaggregatesshouldbeusedinthedryarea
inthedamifthecontentofparticlessmallerthan0.075mmisover8%.

6.3.6 Fillingstandards

6.3.6.1 Thefillingstandardsofthecushionlayermaterial,transitionalmaterial,mainrockfillmate-
rialanddownstreamrockfillmaterialmaybepreliminarilyselectedbyexperienceaccordingtoTable
14;inthedesign,theporosityorrelativedensity,thegradingandrollingcompactionparameterof
thedammaterialsshallbespecifiedatthesametime.Thedesigndrydensitymaybeconvertedon
thebasisoftheporosityandrockdensity.Theaveragedrydensityshallnotbelessthanthevalue
convertedfromthedesignporosityorrelativedensity,anditsstandarddifferenceshallnotbemore
than100kg/m3.Thefillingstandardsofthespecialcushionareashallnotbelowerthanthatofcush-
ionarea.

Table14 Designporosityorrelativedensity

Dammaterials
Cushionlayer

material
Sandandgravel

material
Transitional
material

Mainrockfill
material

Downstreamrockfill
material

Porosity(%) 15~20 / 18~22 20~25 23~28

Relativedensity / 0.75~0.85 / / /

6.3.6.2 Thefillingstandardsshallbereviewedandcorrectedthroughrollingcompactiontest,and
thecorrespondingrollingcompactionparametersshallbedetermined.Intheconstructionprocess,

twokindsofparameters,namelytherollingcompactionparametersandtheporosityorrelativeden-
sityshouldbeusedforcontrol,andtheformershouldbedominant.

6.3.6.3 Thedesignindexandfillingstandardsofsoft-rockrockfillmaterialshallbedetermined
throughthetest.

6.3.6.4 Therequirementsofaddingwaterforthefillingofdammaterialsshallbeproposed,andthe
amountofwateradditionmaybedeterminedaccordingtotheexperienceortest.Ifithasbeenveri-
fiedthroughtherollingcompactiontestthattherockfillmaterialswithhighsofteningcoefficient
cannotbeaddedwaterwhentherollingactionofwaterisnotobvious.Whenthewatercouldnotbe
addedduringtheconstructionin winterincoldregion,appropriate measuresshallbetakento
achievethedesignrequirements.

6.3.7 Toeslab

6.3.7.1 Thetoeslabshouldbeplacedonthefreshbedrockwhichishard,erosionresistant,
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groutable,andmoderatetoweakweatheringrocks.

6.3.7.2 Thelayoutofthetoeslabontherockfoundationshallbeselectedinaccordancewithgeo-
logicalandtopographicalconditions,andshouldbelaidouthorizontally;whenthebankslopeisvery
steep,otherlayoutformsmayalsobeadopted.

6.3.7.3 Whenthelayoutisrestrictedbythegeologicalortopographicalconditions,thismaybe
remediedbyaddingaconnectionplateorbackfillingconcrete;thetoewallmaybeusedlocallyin-
steadoftoeslabupondemonstration.

6.3.7.4 Afterthefirstphaseoftoeslabexcavation,thesecondarysetting-outshouldbeperformed
forthetoeslab;thepositionofthedamaxismaybeadjustedappropriatelywhennecessary.

6.3.7.5 Thewidthofthetoeslabmaybedeterminedinaccordancewiththepermissiblehydraulic
gradientofthebedrockbeneaththetoeslabandthefoundationtreatmentmeasures;itsminimum
widthshouldbe3m.ThepermissiblehydraulicgradientshouldmeettheprovisionsofTable15.Af-
terthewidthofthetoeslabmeetsthelayoutrequirementsforgroutingholes,theanti-seepageslab
(reinforcedconcreteslaborreinforcingmeshshotcreteslab)maybearrangedonthedownstream
sideofthetoeslabtoextendtheseepagepathsandmeettherequirementsforhydraulicgradient;

andthefiltermaterialshallbecoveredontheuppersurfaceanddownstreamrocksurfaceoftheanti-
seepageslab.

Table15 Permissiblehydraulicgradientofbedrockbeneaththetoeslab

Degreeof
weathering

Freshandslightly
weathered

Slightlyweathered Highlyweathered
Thoroughly
weathered

Permissiblehydraulic

gradient
≥20 10~20 5~10 3~5

6.3.7.6 Thethicknessofthetoeslabmaybelessthanthethicknessoftheconnectedfaceslabbut
shallnotbelessthan0.3m.

6.3.7.7 Thetoeslabofthesand-gravelfoundationwiththecut-offwallshouldbedividedintoup-
streamsectionanddownstreamsection.Thetoeslaboftheupstreamsectionshallbeconstructed
afterthecompletionofthecut-offwallandbeforethefirstfillingofthereservoir.

6.3.7.8 Thedownstreamsurfaceofthetoeslabshallbeverticaltothefaceplate;theheightofthe
toeslabbeneaththebottomsurfaceofthefaceslabshallnotbelessthan0.9m;itmaybelowered
forthelowerdampositionsonbothbanks.

6.3.7.9 Thetoeslabconcreteshallhavehighdurability,anti-permeability,crackresistanceandcon-
structionworkability,andtherequirementsshallbesameasthoseofthefaceslab.Thedurabilityin-
dicesoftheconcretematerialsmaybeselectedinaccordancewiththerequirementsin6.1.4.4.
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6.3.7.10 Thetoeslabshouldemploysingle-layertwo-wayrebar;thereinforcementratioofeachdi-
rectionmaybe0.3%to0.4%.Thethicknessoftheprotectivelayerofrebarforthetoeslabonthe
rockfoundationshallbe100mmto150mm;withregardtothetoeslabnotontherockfoundation,

therebarshouldbearrangedinthemiddlepartofthetoeslabsection.

6.3.7.11 Anchorbarsshallbeusedtoconnecttoeslabwithbedrock;theparametersoftheanchor
barmaybedeterminedbyexperience.Whenalow-anglestructuralsurfaceexistsnearthefoundation
surfaceofthetoeslab,theparametersoftheanchorbarsshallbedeterminedaccordingtothesta-
bilityrequirementsortheresistinggroutingpressure.

6.3.8 Concreteface

6.3.8.1 Thethicknessofthefaceslabshallbesuchthatthehydraulicgradientundertheslabshall
notbegreaterthan200.ThethicknessofthefacemaybedeterminedaccordingtotheFormula(10);

theslabthicknessofmedium/lowdamsmaybe0.3mto0.4m.

t=0.30+(0.002~0.0035)H …………………………(10)

where

t isthethicknessofthefaceslab,inm;

H istheverticaldistancefromthecalculationsectiontothefaceslabtop,inm.

6.3.8.2 Thepartingofthefaceslabshallbeperformedaccordingtothedambodydeformationand
constructionconditions,andthespacingoftheverticaljointsmaybe12mto18m.

6.3.8.3 Thetopelevationofthefaceslabpouredbystagesshouldbeabout5mlowerthanthefill-
ingelevationoftheconcretingplatform,anditshorizontaljointsshallbetreatedastheconstruction
joints.

6.3.8.4 Thefaceconcreteshallhaverelativelyhighdurability,anti-permeability,crackresistance
andconstructionworkability.ThestrengthgradeofthefaceconcreteshallnotbelowerthanC25,

theanti-seepagegradeshallnotbelowerthanW8andthefrostresistancegradeshallmeetthere-
quirementsoffreezethawing.

6.3.8.5 Thefaceconcreteshouldemployhigh52.5-strengthgradePortlandcementorordinaryPort-
landcement.Coalashorotherqualityadmixturesshouldbemixedintothefaceconcrete.Thequality
gradeofthecoalashshouldnotbelowerthangradeII;andtheamountofadmixtureshouldbe15%
to30%:thelowervalueshallbeusedintheseverecoldregionandthehighervalueshallbetakenin
themildregion.Ifthesandmaterialisrelativelycoarse,excessivecoalashshouldbeusedtoim-
provetheconcrete’sperformance.Airentrainingadmixtureandwaterreducingadmixtureshallbe
addedintothefaceconcrete;otheradditivestoregulatethesettingtimeoftheconcretemaybe
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addedasrequired.Thevarietyandamountofadditivesandadmixturestobeusedshallbedeter-
minedbytest.

6.3.8.6 Thefaceconcreteshallemploygrade-IIaggregate.The waterabsorptionofthesand
materialforthefaceshallnotbemorethan3%,thesiltcontentshallnotbemorethan2%andthe
finenessmodulusshouldbeintherangeof2.4to2.8.Thewaterabsorptionoftherockmaterialshall
notbemorethan2%andthesiltcontentshallnotbemorethan1%.

6.3.8.7 Thewater-cementratioofthefaceconcreteshallnotbemorethan0.50inthemildregion,

andshallnotbemorethan0.45intheseverecoldregionandcoldregion.Theslumpsattheinletof
thechuteshouldbecontrolledwithin30mmto70mm,andtheaircontentoftheconcreteshallbe
controlledwithin4%to6%.

6.3.8.8 Thefaceshouldemploysingle-layertwo-wayrebar.Therebarshouldbearrangedinthe
middlepartofthefacesection,thereinforcementratioineachdirectionshouldbe0.3%to0.4%and
thehorizontalreinforcementratiomaybelowerthantheverticalreinforcementratio.Theextrusion-
resistingconstructionalreinforcementsshouldbearrangedonbothsidesoftheverticaljointofthe

peripheraljointofthehighdamandadjacentperipheraljoint.

6.3.8.9 The mixproportionofthefaceconcreteshallbeoptimized.Qualityadditivesand
admixturesshouldbeusedtoreducethecementcontentandlessenthetemperatureriseofhydration
heatandcontractiondistortion,andtopreventpanelcracks.

6.3.8.10 Thefoundationsurfaceofthefaceslabshallbesmoothoverall,andshallbefreefromsig-
nificantfluctuations;nodeeppitorsharpbumpsshallbeformedlocally.Thesideformshallbe
straight.

6.3.8.11 Thefaceconcreteshouldbeplacedinthelow-temperatureseason;theplacementtemper-
atureoftheconcreteshallbecontrolledandmeasuresshallbetakenwhennecessarytoreducethe

placementtemperature.

6.3.8.12 Aftermouldstripping,thefaceconcreteshallbetimelycoveredwithheatpreservation
andmoisturizing,andshallbekeptcontinuouslymoistformaintenance.Itshallbepreventedfrom
insolation,strongwind,coldwaveandcoldimpactofcuringwateruntilthereservoirisfilledwith
wateroratleastfor90days.Theexternalheatpreservationshallbeeffectivelyperformedforthe
faceconcreteinthecoldregionuntilthereservoirisfilledwithwater.

6.3.8.13 Whenthefacecrackwidthismorethan0.2mmorthecrackisjudgedtobeapenetrating
crack,specialmeasuresshallbetakenfortreatment;foraconcretefacerockfilldaminseverecold
region,thetreatmentstandardforfacecracksshallbestrictlydetermined.
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6.3.9 Jointandwaterstop

6.3.9.1 Thejointsofconcretefacerockfilldamshallbeequippedwithcopperwater-stopstripsat
thebottom.

● Thecopperwater-stopstripsshouldbemadeoffinecoppercoiledmaterialwithanelongation

percentagenotlessthan20%,andformedonsitebycompression;thetransitionjointsshould
bespeciallymachined;thethicknessshouldbe0.8mmto1mm.

● Thetensilestrength,elongationatbreak,ShorehardnessandbrittlenesstemperatureofthePVC
water-stopstripsandrubberwater-stopstripsshallmeetthedesignrequirements.

6.3.9.2 Thebottomcopperwater-stopstrips,themiddlePVCorrubberwater-stopstripsshall
formanindependentenclosedwaterstopsystem.

6.3.9.3 Thegasketsshallbeinstalledatthebottomofthecopperwater-stopstrip.Thebituminized
plankorotherhigh-strengthinfillpanelsshallbeinstalledintheperipheraljoints.

6.3.9.4 Thetensionalverticaljointsshallbearrangedinthefaceslabneartwoabutmentsofthe
damandthecompressiveverticaljointsshallbearrangedinthefaceslabintheotherareas.The
quantityoftensionalverticaljointsshallbedeterminedaccordingtothegeologicalandtopographical
conditions,withreferencetothestress-straincalculationresultsandincombinationwiththeengi-
neeringexperience.

6.3.9.5 Thefillingmaterialsshouldnotbeusedintheverticaljoints;thejointsurfaceshallbecoa-
tedwithathinlayerofasphaltemulsionorotheranti-bondingmaterials.Theverticaljointsshallbe
withinthescopeofabout0.6mfromthenormaldirectionoftheperipheraljoint,andshallbeverti-
caltotheperipheraljoints.

6.3.9.6 Thebottomcopperwater-stopstripsshallbeinstalledforthecompressiveverticaljoints.
Thegasketsandmortarcushionshallbearrangedatthebottomofthecopperwater-stopstrip.The
strengthofthemortarshallbethesameasthatofthefaceconcrete.

6.3.9.7 Necessaryexpansionjointsshallbearrangedfortheuppertoeslaboftherockfoundation
accordingtothetopographicorgeologicalconditionsafterexcavation,andtheyshallbestaggered
withtheverticaljointoftheface.Theexpansionjointwillnotbefilledwiththefillingmaterialsbut
thejointsurfaceshallbecoatedwithathinlayerofasphaltemulsionorotheranti-bondingmaterials.
Onewaterstopshallbearrangedandaclosedwaterstopsystemshallbeformedwiththewater-stop
stripsandbedrockofthesurroundingjoints.

6.3.9.8 Theexpansionjointsshallbearrangedfortheuppertoeslabinthealluvialdepositandrock
foundationwithgeologicaldefects;thestructureofthejointsshallbethesameasthethatoftheup-
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pertoeslabontherockfoundation.

6.3.9.9 Inadditiontothebottomcopperwater-stopstrips,thejointsbetweenthewavewalland
thefaceslabshallbefilledwithpre-plasticizedflexiblefiller;whentheelevationofthisjointishigh-
erthanthenormalreservoirlevel,thepre-plasticizedflexiblefillerinthemiddleandlowerpartsof
jointsmaybesubstitutedwithasphaltimpregnatedplank.

6.3.9.10 Whenthefaceslabisconnectedtothespillwayorthesidewallofotherstructures,the
jointsshallbedesignedaccordingtotheperipheraljoints,andmeasuresshallbetakentoreducedis-
placementoftherockfillmassatthejointbottom.

6.3.9.11 Ifthefaceslabistobeconcretedbystages,therearerequirementsforconstructiontech-
nologyoraccidentsoccurduringpouring,theconstructionjointsshallbearranged.

6.3.10 Damfoundationexcavation

6.3.10.1 Theexcavationsurfaceofthetoeslabfoundationshallbesmooth,andbekeptawayfrom
steepridgesandadverseslopes.Whentherearesteepridgesandadverseslopesobstructingtheroll-
ingcompactionofthecushionlayermaterial,theyshallbetreatedbyslopecuttingorconcreteback-
filling,orthepositionofthetoeslabshallbere-adjusted.

6.3.10.2 Theupstreamsideslopeabovetheelevationofthetoeslabshallbedesignedaspermanent
sideslope.

6.3.10.3 Whenthedownstreamtoeslabareaisexcavatedontheupperslope,itsgradientshallbe
lessthanthatofthesurface;whenitisconnectedtothedownslopeexcavation,thegradientshall
notbemorethan1∶0.5.

6.3.10.4 Therockfilldambodymaybearrangedontheweatheredrockfoundation,andthemodulus
ofdeformationshallnotbelessthanthatoftherockfilldambody.Therockfillfoundationwithinthe
scopeofabout0.3to0.5timesthedamheightonthedownstreamsideofthetoeslabshouldhave
relativelylow compressibility.Afterexcavation,noadverseslopeorsteepridgegreaterthan
1∶0.25areallowedtohindertherollingcompactionoftherockfill;therequirementsforthecom-
pressibilityofrestpartsofthefoundationmaybelowered,anditisonlynecessarytomeetthesta-
bilityrequirementsofanexcavatedslopeafterexcavation.

6.3.10.5 Whenthebankslopeoftherivervalleyisgreaterthan45°,theexcavationgradientofboth
banksupstreamofthedamaxisshallbespeciallydeterminedtogetherwiththearrangementofthe
lowcompressionareaintherockfillbody.

6.3.10.6 Theexcavationofthesand-gravellayerofthedamfoundationshallbedeterminedthrough
detailedexploitation,testanddemonstration.
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6.3.11 Damfoundationtreatment

6.3.11.1 Ifthebedrockwithinthescopeofthetoeslabissubjecttounfavourablegeologicalcondi-
tionssuchasafault,fracturezoneand weakintercalatedlayer,theirinfluenceonthedam
foundationafterseepage,seepagedeformationandcorrosionshallbestudiedinaccordancewith
theiroccurrence,scaleandcompositionmaterialssoastodeterminetheallowablehydraulicgradient
ofthebedrockbeneaththetoeslab,anti-seepagetreatmentandseepagecontrolmeasures(suchas
concreteplug,cut-offwall,widthincreaseoftoeslabordownstreamanti-seepageslab,aswellas
protectionontheupstreamanddownstreamsideswithfiltermaterial).

6.3.11.2 Theconsolidationgroutingandcurtaingroutingforbedrockbeneaththetoeslabshallbe
properlydesigned.Consolidationgroutingshallbepaved,2to4rowsshouldbearrangedandthe
depthshallnotbelessthan5m.

6.3.11.3 Thecurtaingroutingshallbearrangedinthemiddleofthetoeslab,andmaybecombined
withtheconsolidationgrouting.Thecurtaingroutingholesshouldbearrangedinonerow.The
curtaindepthmaybe5mdeepintorockmasswithpermeabilityof5Luto10Lu,ordeterminedac-
cordingtothedamheight(1/3to1/2).Theseepagecontroloftheabutmentsonbothbanksshallbe
properlyperformed.Undercomplexhydrogeologicalconditions,orwhentheburialdepthoftherela-
tiveconfining bedisrelatively deep,theimpervious curtain shallbe specially designedin
combinationwithsimilarengineeringexperience.

6.3.11.4 Inthegroutingdesign,thespecialmeasuresshallbespecifiedtoimprovethedurabilityof
thegroutedcurtainandthegroutingpressureonthesurfacebedrock,whichshallbeverifiedthrough
groutingtest.

6.3.11.5 Whenthetoeslabisarrangedonthesand-gravellayeroftheriverbed,theconcretecut-
offwallmaybeused;thebottomofthecut-offwallshallbeembeddedintotheslightly-weathered
bedrock.Thefilterprotectionoftheseepageescapingareaaswellastheconnectionbetweenthetoe
slabandthecut-offwallshallbeproperlydesigned.

6.3.11.6 Whenthetoeslabisarrangedonthekarstfoundation,itsanti-seepagetreatmentmethod
isthesameasthatofthegravitydamfoundationinthekarstregion.

6.3.12 Dambodycalculation

6.3.12.1 Whentheconcretefacerockfilldamhasoneofthecasesbelow,thecorrespondingstabili-
tyanalysisshallbeperformed:

a) theweakintercalatedlayerexistsinthedamfoundationortherearefine-sand,siltorclaylayers
thatexistinthesand-gravellayerofthedamfoundation;

b) thepeakgroundaccelerationisgreaterthanorequalto0.2g;
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c) duringtheconstructionperiod,thewateroverflowstherockfilldam,ortherockfilldambody
retainswaterorrealizesfloodprotectionwiththecushionlayerandtemporarysection,andthe
waterretainingdepthisrelativelydeep;

d) thedambodyismainlyfilledwithsoftrockmaterials;

e) thetopographicconditionsareunfavourable.

6.3.12.2 TheSwedishcirculararcmethodorslidingwedgemethodmaybeusedtocalculatethe
stabilityoffacerockfilldam.Thesafetyfactorofanti-slipstabilityshallbeasfollows.

a) Normaloperatingconditionssuchasastableseepageperiodandnormalwaterlevelfallareno
lessthan1.15.

b) Abnormaloperatingconditionssuchasconstructionperiod,normaloperationandearthquakeare
notlessthan1.05.

6.3.12.3 Whenthethicknessofthetoeslabisgreaterthan2morthehigh-toewallisadopted,the
stabilitycalculationandstressanalysisshallbeperformed.Thestabilityofthetoeslabshallbecalcu-
latedwiththerigidbodylimitequilibriummethod.Inthecalculation,theactionoftheanchorbarof
thetoeslabandtheforcetransferbetweenthefaceandthetoeslabwillnotbeincluded,buttheac-
tiveearthpressureofrockfillonthetoeslabmaybeincluded,orthelateralpressureappliedtothe
facebythereservoirwaterpressuremaybeincluded.

6.3.13 Earthquakeresistantmeasures

6.3.13.1 Whenthepeakgroundaccelerationisgreaterthanorequalto0.2g,thefollowingearth-
quakeresistantmeasuresshouldbetaken.

a) Adoptrelativelyalargedamcrestwidthandadamslopewhichisgentleontheupperpartbutis
steeponthelowerpart,andarrangethebenchatthepositionwherethedamslopevaries.

b) Improvethestabilityoftheslopetopbyusinghorizontalreinforcementmesh.

c) Adoptarelativelylowwavewallandtakemeasurestoimprovethestabilityofthewavewall.

d) Takeintoaccounttheadditionalsettlementofthedamandfoundationundertheearthquake’s
actionwhendeterminingthefreeboardofthedambody.

e) Increasethecompactiondensityoftherockfillmaterialsforthedambody,particularlythecom-
pactiondensityatthepositionwithasuddenchangeinterrain.

f) Increasethewidthofthecushionlayerarea.Whenthebankslopeisverysteep,itisnecessary
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toappropriatelyextendthelengthofthecontactbetweenthecushionlayermaterialsandbed-
rock,andreducethemaximumgrainsizeofthecushionlayermaterials.

g) Itisnecessarytoselectseveralverticaljointsinthemiddlepartoftheface,andfilltheasphalt
impregnatedplankorotherhigh-strengthandcompressibleinfillpanelinthejoints.

h) Increasethereinforcementratioofthetopfaceinthemiddleofthevalley,particularlytherein-
forcementratioontheslopeface.

6.3.13.2 Whenfillingthedambodywithsandandgravelmaterials,itisnecessarytoincreasethe
drainagecapacityofthedrainagearea;pressthedownstreamslopewithbigrockblocksorfillthe
downstreamdamslopewithrockfillmaterials.

6.3.14 Stageconstruction

6.3.14.1 Thestagefillingofrockfilldamshallbeplannedaccordingtothefollowingprinciples.

a) Thecushionlayermaterialsandtransitionalmaterialsshallbefilledupinsynchronywiththe
rockfillmaterialsfortheadjacentparts(atleast20mwide).

b) Theconnectiongradientbetweenrockfillmaterialsshallnotbemorethan1∶1.3,andthegradi-
entofnaturalsandygravelmaterialsshallnotbemorethan1∶1.5.

c) Thetemporaryrampfordammaterialstransportationmaybearrangedasrequiredintherockfill
area.

d) Whentherockfilldambodyisusedforfloodpreventionorthefloodingflowsoverthedam
face,thefillingzonesandstagesshallbeadaptivetothefloodcontrolrequirements.

6.3.14.2 Whentheelevationofthefoundationsurfaceofthetoeslabislowerthanthefoundation
elevationoftherockfilldambody,thedrainagemeasuresshallbedesignedfortheconstructionperi-
odoftherockfilldambody.

6.3.14.3 Beforepouringconcreteface,itispermissibletousetherockfilldambodyortemporary
sectionforfloodretentionandprotection,buttherequirementsofanti-slipstabilityandseepagesta-
bilityshallbemet.

6.3.14.4 Whentherockfilldamisusedforfloodretentionandprotection,oneofthemeasuressuch
asrolling-compactionoflow-strengthmortar,shotcreteorsprayingcationicemulsifiedasphaltshall
beimplementedontheupstreamslopeofthecushionlayerareaforslopereinforcement.

6.3.14.5 Itisallowedforthewatertoflowovertherockfilldambodyduringtheconstructionperi-
odiftheslopesurfacehasbeenprotected.
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6.3.14.6 Whenthewaterflowsovertherockfilldambody,itshallbeabletoresistthescouringof
waterflowtothedamfaceandfoundation.Inthedesignoftheprotectivemeasuresfordamface
overflowing,attentionshallbepaidtoprotectingtheconnectionbetweentherockfilldambodyand
bothbanksaswellasthepartsnearthedownstreamdamtoe.

6.4 Rolledearth-rockdam

6.4.1 Generalprovisions

6.4.1.1 Thedamsiteshouldbeselectedonbedrockwithasimplegeologicstructure,orsandand
gravelfoundationwithminimalthicknessordensesoilfoundation.Thedamsiteshouldnotbeselect-
edonthestronglypermeablesand-gravellayerwithwidethickness,inthekarstdevelopedregion
norontheseriouslyweatheredrockstratum,activefaultzoneandsoftfoundation;ifunavoidable,

thetreatmentmeasuresshallbeimplemented.

6.4.1.2 Therolledearth-rockdam mayadoptthetypesoftheearthandrockfilldam withearth-
basedanti-seepagebody,earthandrockfilldamwithartificialanti-seepagebodyandoverflowearth
androckfilldam.

a) Fortheearthandrockfilldam,theearth-basedanti-seepagebodymaybeplacedinthemiddle
partofthedambody(i.e.thecoreearth-rockfilldam),andtherestofthedambodyshallbe
filledwithpermeablematerials(sand,sand-gravelmaterialorrockfillmaterial).Incasethe
earth-basedanti-seepagebodylocatesontheupstreamsideofthedambody(i.e.thesloping
coreearth-rockfilldam),andthentherestofthedambodyshallbefilledwithpermeablemateri-
als(sand,sand-gravelmaterialorrockfillmaterial).Therelativelythicksand-gravellayeror
rockfilllayeralsomaybearrangedontheupstreamsideoftheearth-basedinclinedwall.

b) Theanti-seepagebodyoftheearthandrockfilldamwithartificialanti-seepagebodymayemploy
reinforcedconcrete,asphaltconcreteandgeomembrane;therestofthedambodymaybefilled
withsand-gravelmaterialsandrockfillmaterials.Theanti-seepagebodymaybelocatedonthe
upstreamsurface,inthemiddleorinthemiddle-to-upstreampartofthedam.Whenthepeak
groundaccelerationisgreaterthanorequalto0.1g,therigidcorewallshouldnotbeadoptedin
seismicareas.

6.4.2 Damconstructionmaterials

6.4.2.1 Thesoilandrockmaterialsfordambuildingshallbeselectedinaccordancewiththefollow-
ingprinciples.

a) Thesoilandrockmaterialsforfillingthedambodyshallhavethephysicalandmechanicalprop-
ertiesadaptivetotheirintendeduse,andhaverelativelygoodlong-termstability.

b) Underthepremiseofnotinfluencingtheengineeringsafety,thematerialsnearthedamsiteand
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thematerialsexcavatedfromtheprojectstructuresshouldbeusedfirst.

c) Easyforexcavationandtransportation.

6.4.2.2 Thesoilmaterialwithwater-solublesaltcontentgreaterthan5%,orwithorganiccontent
greaterthan5%,dryhardclay,dispersivesoilandsoftclayshouldnotbeusedtodamconstruction.

6.4.2.3 Theanti-seepagebodiesmaybefilledwithcohesivesoilandgravellysoil(includingweath-
eredrockmaterial).

● Thepermeabilitycoefficientaftercompactionshouldnotbemorethan1×10-5 mm/sforthe
homogeneousearthdam;andshouldnotbemorethan1×10-6 mm/sforthecorewall,inclined
wallandblanket.

● Theanti-seepagebodiesshouldbefilledwithsoilmaterialwithaplasticityindexIP=7-20;ifsoil
materialwithalowerplasticityindexisused,itisnecessarytoappropriatelyincreasethethick-
nessoftheanti-seepagebodyandbuildthefilterproperly.

● Themoisturecontentofthesoilmaterialshouldbeclosetotheoptimum moisturecontent;the
soilshouldbeappropriatelytreatedifthereisasignificantdifference.

6.4.2.4 Withregardtogravellysoil(includingweatheredrockmaterial)fortheanti-seepagebody,

thecontentofparticleswithagrainsizeofmorethan5mmshouldnotbegreaterthan50%,the
contentofparticleswithagrainsizesmallerthan0.074mmshouldnotbelessthan15%,themaxi-
mumparticlesizeshouldnotexceed150mmor2/3ofsoilpavingthickness,andthephenomenonof
coarseparticleconcentrationshallbeoccur.

6.4.2.5 Ifthenaturalimpervioussoilmaterialisinsufficientinlocalarea,thecohesivesoil,sandy
soilandgravel-cobble,oramixtureofcohesivesoilandgravel-cobblemaybeused,buttheyshallbe
uniformlymixed.

6.4.2.6 Whenusingthegravelsoil(includingweatheredrockmaterial)ormineraladmixtureasthe
imperviousmaterialofdam,thegradingscopeofsoilmaterialshallbeproposedthroughtest.

6.4.2.7 Theslopeeluviallateriteorlaterite-formsoilwithstablegranularstructurehavehighmois-
turecontentbutlowdrydensity,whiletheshearstrengthisrelativelyhigh,thepermeabilityand
compressibilityisrelativelylow,sothattheycouldbeusedtofilltheanti-seepagebodyoftheearth
androckfilldam.

6.4.2.8 Whentheexpansivesoilisusedtofilltheanti-seepagebody,sufficientpressureprotective
layershallbeset.

6.4.2.9 Ifthecollapsibleloessisusedfordamconstruction,itsoriginalstructureshallbedamaged,
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andthefillingmoisturecontentshouldbeequaltoorslightlygreaterthantheoptimummoisturecon-
tent.

6.4.2.10 Thefrozenearthshouldnotbeusedfordamconstruction.Whenfrozenearthisusedfor
damconstruction,thecontentofthefrozenearthblocksshallnotbemorethan10%;thediameter
ofthemaximumfrozenearthblockshallnotbemorethan1/2oftheearthpavingthickness;the
moisturecontentofthefrozenearthshouldbeequaltoorslightlylessthanthemoisturecontentof
theplasticlimit.

6.4.2.11 Thedamshellshallmeetthedambodystabilityanddrainagerequirements.

● Itshouldbefilledwithmedium-coarsesand,sandgravel,rockballastorrockfillmaterial.

● Theuniformmedium-finesandandsiltmaybeusedforthedryzoneofdamshell.

● Withregardtothesoft-rockweatheredmaterialwithrelativelylowstrength,thegradationvaria-
tionaftercompactionaswellasthereductionofstrengthandwaterpermeabilityafterbeingim-
mersedin watershallbeconsidered,andsuch materialshouldbeusedontheappropriate
positionofthedamshell.

● Therockmaterialswithrelativelyhighcompressivestrengthandweatherresistanceshouldbe
selectedfortheupstreamslopeprotectionanddrainagefacilities.

● Theratioofthemaximumedgelengthtominimumedgelengthoftherockblockshouldnotbe
morethan2.0;thediameterandweightoftherockmaterialsshallbeabletomeettherequire-
mentsforwaveresistance.

6.4.2.12 Themedium-coarsesand,naturalsand-gravelmaterialorscreenedmaterialorrolledrock
materialsshouldbeusedforthefilter,cushionlayerandtransitionlayerofthedam;thegraincom-
positionshallbeabletomeettheanti-filtrationdrainagerequirements.Theyshallbestableoverthe
longtermandthesiltcontent(d<0.1mm)shallbelessthan5%.

6.4.2.13 Thegeomembraneforanti-seepageandthegeotextileforanti-filtrationdrainageinthe
earthandrockfilldamshallmeetthephysicalandmechanicalproperties,hydrauliccharacteristicsand
durabilitycorrespondingtotheengineeringrequirements.Thegraingradationoftheprotectedsoil
shallmeetthecriterionofanti-filtrationdrainage.

6.4.3 Fillingstandards

6.4.3.1 Thedambodyshallbedenseanduniform,havesufficientshearstrength,relativelylow
compressibilityandmeettheseepageflowcontrolrequirements.Thefillingstandardsshallberea-
sonablyspecifiedtomakethefilledsoilcompactionmeetthesafetyrequirementsandbeeconomical
andreasonable.Intheconstructionprocess,thespecifiedfillingstandardsshallbereviewedandre-

56

SHP/TG002-5:2019



vised.

6.4.3.2 Withregardtothecohesivesoil,thecompacteddrydensityshallbedeterminedinaccord-
ancewiththemaximumdrydensityofthestandardcompactiontestmultipliedbythedegreeof
compaction.Thedegreeofcompactionmaybefrom0.95to0.97.Themoisturecontentofthefilling
soilshallbecontrolledinaccordancewiththeoptimummoisturecontentandtheallowabledeviation
shallbe±3%.

6.4.3.3 Withregardtothegravellysoil,thecompactiontestofthegrosssampleshouldbeper-
formedwithlarge-scalecompactiontestapparatustoobtainthemaximumdrydensityandoptimum
moisturecontentfordifferentcoarseaggregate(d≥5mm)content,andthenthemaximumdry
densityismultipliedbythedegreeofcompactionfrom0.95to0.97soastoobtainthedrydensity
forcontrollingthefillingofthegravellysoil.Whenthelarge-scalecompactiontestgisnotavailable,

itmaybedeterminedinthefollowingtwocasesaccordingtothedifferentcoarseaggregatecon-
tents.

a) Withregardtothegravellysoilwithacoarseaggregatecontentlessthan40%,theportionof
fineaggregate(d<5mm)maybetakenforcompactiontesttodeterminethemaximumdry
densityandoptimummoisturecontentofthefineaggregate;themaximumdrydensityandopti-
mummoisturecontentofthegrosssampleofgravellysoilwithdifferentcoarseaggregatecon-
tentshallbeworkedoutwiththeFormulas(11)and(12),andaremultipliedbythedegreeof
compactiontoobtainthefillingstandardforgravellysoil.

γdmax= -1
P
Δs+

(1-P)
(γd)0

…………………………(11)

ωop=ω0(1-P) …………………………(12)

where

γdmax isthemaximumdrydensityofthegravellysoil,ingr/cm3

P isthegravelcontentwithgrainsized>5mm,calculatedindecimals;

Δs isthegravitydensitywithgrainsized>5mm,ingr/cm3;

(γd)0 isthemaximumdrydensityoffine-grainedsoilwithgrainsized<5mm,ingr/cm3;

ωop istheoptimummoisturecontentofgravellysoil;

ω0 istheoptimummoisturecontentoffine-grainedsoilwithgrainsized<5mm.
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b) Withregardtothegravellysoilwithacoarseaggregatecontentgreaterthan40%,itisnecessa-
rytocorrectthemaximumdrydensityandoptimum moisturecontentofthegrosssample,or
appropriatelyreducethedegreeofcompaction.Thefillingstandardsshallbedeterminedonthis
basis.

6.4.3.4 Thecompactionstandardsforsandmaterialandsand-gravelmaterialshouldbecontrolledin
accordancewithrelativedensity(Dr)andtheDrisrequiredtobe≥0.7.Whenthetestdataisinsuf-
ficient,itmayalsobecontrolledwith(γd);itisrequiredthatthesandmaterialγd=1600kg/m3to
1700kg/m3;whenthegravelcontentofthesand-gravelmaterialisfrom40%to70%,γd≥2000kg/m3

istakenaccordingtodifferentgravelcontents.Thecompactionstandardfortherockfillmaterial
shouldbecontrolledinaccordancewiththeporosity(n)anditisrequiredthatnequalsto20%
to28%.

6.4.4 Damfoundationtreatment

6.4.4.1 Thesandandgravelfoundationtreatmentshallcomplywiththefollowingprinciples.

a) Theanti-seepagecontrolofthedamfoundationmaybeconstructedbycut-offtrench,blanket,

orhigh-pressurejetgroutingtechnology;upontechnicalandeconomiccomparison,theconcrete
cut-offwallmayalsobeused.Thedownstreamdrainagefacilitiesmayincludethehorizontal
drainagelayer,drainageprism,drainageditchatdamtoe,reliefwellandpermeableweighted
blanket.

b) Thecut-offtrenchwithopenbackfillclayshouldbeusedwhenthesandandgraveloverburden
thicknessislessthan15m.

c) Thecut-offtrenchshouldbelaidoutbeneaththeanti-seepagebody.Thecut-offtrenchforthe
homogeneousearthdammaybelaidoutinthewidthrangeof1/3dambottomfromthedamax-
istotheupstreamdamtoe.

d) Thebottom widthofcut-offtrenchshallbedeterminedaccordingtothepermissibleseepage
gradientforthebackfilledearthmaterial.

● Theallowablepermeabilityratioshallbe3forlightloam,3to5forloamand5to7forclay.

● Theminimumbottomwidthshallnotbelessthan3.0m.

● Theexcavationslopeforthecut-offtrenchshallbedeterminedaccordingtotheshear
strengthandtheexcavationdepthofthecoveringmaterial,andmaybe1∶1.5to1∶2.

● Thecut-offtrenchshouldbefilledupwiththesameearthmaterialasthatoftheanti-
seepagebodyofthedambody,anditscompacteddrydensityshallbethesameasthatof
theanti-seepagebodyofthedambody.Whenthesoilmaterialandsandgravelofthedam
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foundationdoesnotmeettheinvertedfilterrequirements,theinvertedfiltershallbear-
rangedonthedownstreamsurfaceofthecut-offtrench.

e) Thedepthofcut-offtrenchembeddedintotherelativeconfiningbed,imperviousbedorweak-
weatheredrock(includingriverbedandbothbanks)shallnotbelessthan0.5m.Ifthefractures
aredevelopedonthesurfaceofbedrock,theymaybestuffedwithcementmortar,oronelayer
ofconcretemaybelaidtoseparatethefracturesfromthefillingmaterialofdambody.Thebed
rocksmaybegroutedwhennecessary.

f) Ifthedamfoundationisonthestratumwiththesandandgravellayerandaquitardinterlaid,the
permeabilitycoefficientdifferencebetweentheaquitardandthesandandgravellayerismore
than100times,andtheyarerelativelythickandcontinuous,theuppersandandgravellayer
maybeexcavatedthroughandthecut-offtrenchmaybebuiltonthisaquitard.

g) Ifthesandandgraveloverburdenofthedamfoundationisrelativelythick,itisverydifficultto
excavatethecut-offtrenchanditisnecessarytotakeverticalanti-seepagemeasures,thehigh-
pressurejetgroutingmeasuresortheconcretecut-offwallmaybeimplemented.

h) Ifthesandandgraveloverburdenofthedamfoundationisrelativelythick,theupstreamblanket
measuresplusthedownstreamanti-filtrationdrainagemeasuresmaybeimplemented.

i) Fortheblanketdesign,thereasonablelength,thicknessandpermeabilitycoefficientoftheblan-
ketshallbedeterminedtocontroltheseepagegradientandtheseepagedischargeforthedam
foundationwithinthepermissiblerange.

● Thelengthoftheblanketshouldnotbelessthan5timesthewaterhead.

● Thethicknessoftheupstreamendoftheblanketshouldbe0.5mto1.0m,thethicknessat
theconnectionbetweenitsendandtheanti-seepagebodyshallmeettherequirementsfor
seepagedischargeforthedamfoundationandthepermissibleseepagegradientfortheblan-
ket,butshouldnotbelessthan2.5m.

● Theblanketshallbefilledwithcohesivesoilwithapermeabilitycoefficientequaltoorless
than1×10-5 mm/s.

j) Thesludgeandhumusontheblanketfoundationsurfaceshallbecleanedthoroughly.Itisneces-
sarytoexcavateintheblanketfoundationforsamplingandtolearnaboutitsgraincomposition.
Thefoundationsurfacesshallbecompactedandlevelled,andthereshallbenogravelconcentra-
tion.Theanti-filtrationprincipleshallbecompliedwithbetweentheearthmaterialfortheblan-
ketandthesandandgravelforthedamfoundation;otherwise,theinvertedfiltershallbear-
ranged.

k) Ifthenaturalsoillayerisusedastheblanket,itisnecessarytolearnaboutitsdistribution,
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thicknessandpermeability,andtodetermineitsanti-seepageeffectsandwhetheranadditional
artificialblanketorotherreinforcementmeasuresareneeded.Whenthesoilisborrowedfrom
theareaupstreamofthedam,itshallbeborrowedbeyondthecertainscopeoftheupstream
damtoe.

l) Ifgeomembraneisusedasblanketanti-seepagematerial,itisnecessarytoproperlypave,bond
andprotectthegeomembranetopreventitfrombeingdamaged.

m) Afterblanketing,itisnecessarytopavetheloosesoilorslagchargeonthesurfaceforprotec-
tion.Inthepartthatislikelytobescouredbythewave,itisnecessarytopavetherockblocks
ontheblanketforprotection.

n) Ifthedamfoundationseepagecanbecontrolledaftertheverticalanti-seepagemeasuresare
taken,thedownstream drainage measures maybeappropriatelysimplified,andtheanti-
filtrationdrainageditchmaybearrangedatthedamtoe.Whenblanketseepageisused,the
drainagefacilitiesincludingthehorizontaldrainagelayer,rockfilldrainageprism andanti-
filtrationdrainageditchmaybearrangedonthedownstreamside;andthereliefwellandthe
downstreampermeableweightedblanketshallbearrangedwhennecessary.

o) Thebottomofallthedrainagesystemsshallbearrangedontheperviousfoundation.

● Ifthesurfaceofthedamfoundationistheaquitardwithnarrowthickness,itisnecessaryto
excavatethroughtheaquitard;

● Iftheaquitardisverythick,itisallowabletoconstructthereliefwellintotheperviousbed
andleadthewatertothedrainageditchatthedownstreamdamtoe;thedepthoftherelief
wallintotheperviousbedshallnotbelessthan1/2oftheperviousbedthickness.

● Thedrainageditchshallhavesufficientdrainagesection,andthefilterdesignshallbeprop-
erlyperformed.Thetransverse(verticaltoaxisdirectionofthedam)drainageditchshallbe
arrangedtoleadtheinfiltrationwatertothedownstreamarea.

p) Theanti-filtrationdrainageshouldbepavedinthefoundationscopedownstreamofthedam
wheretheescapeslopeisgreaterthanthepermissiblevalue.Whennecessary,thepermeable
weightedblanketshallalsobepaved,andtheinversefilteringrequirementsshallbemetbe-
tweenthepermeableweightedblanketandthefoundation.

6.4.4.2 Theliquefiablesoilandthesoftsoilfoundationtreatmentshallmeetthefollowingprinci-
ples.

a) Thepossibilityofseismicliquefactionshallbeconsideredforthesaturatedsilt,fine,medium
sandfoundationaswellasthelesscohesivesoil(suchassaturatedsandyloamsoil,siltysandy
loamsoil,lightloamandlightsiltloam)foundationintheearthquakeregion.
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b) Thesoillayerwhichhasbeenjudgedtobeliquefiableshouldbeexcavatedandreplacedwithsoil
materialmeetingtherequirements.Ifitisdifficultornoteconomicaltoexcavate,itis
necessarytotakereinforcementmeasurestoreachthedensestateadaptivetothedesignseis-
mic intensity.The reinforcement measures may include:shallow compaction,vibro-
densificationofthesurfacelayer,deepexplosionmethod,dynamiccompactionmethodofthe
sandpile,vibratingandimpactingreinforcementanddynamicconsolidation.

c) Ifitisrequiredtobuildthedamonthesoftsoil,foundationtreatmentshallbecarriedout;the
treatmentmethodsincludesandreplacement,suppressionplatform,sandwellplushorizontal
drainageblanket,vibratingandimpactingreinforcementandbeddingwithgeo-synthetics.

d) Thefillingspeedofthedambodyshallbecontrolledbyanymethodusedtotreatthesoftsoil
foundation.

6.4.4.3 Thetreatmentofthecollapsibleloessfoundationshallmeetthefollowingprinciples.

a) Forthecollapsibleloessfoundationwithsmallthickness,itscollapsibilitymaybeeliminatedby
excavation,turning-pressingorsurfacecompaction.Underthepremiseofensuringthedam
bodystability,thesoillayerwithlowersurfacedrydensityandgreatercollapsibilitymaybeex-
cavated,andthesoillayerofthelowerpartshallbereserved.

b) Whenthecollapsibleloessofthedamfoundationisrelativelythick,thefoundationshouldbe
treatedwiththepre-soakingmethod.Whenthethicknessofthecollapsibleloessexceeds15m,

thepre-soakingprocessmaybeacceleratedbydrillingholesoradeepverticalshaft.Thescope
ofthepre-soakingtreatmentshallbegreaterthanthescopeofthedamfoundation,andbeex-
tendeduptoonetimethevalueofthesoakingdepthoftheupstreamanddownstreamdirections
ofthedamfoundation.Thesoakingtreatmentofthedamfoundationshallbecombinedwiththe
fillingofthedambodytoincreasetheweightandacceleratethewatercollapsibility.

c) Whenthedamfoundationiscollapsibleloess,itmayalsobetreatedbytheheavytampingmeth-
od;thenumberoftimesthattampingisdoneanditsinfluencingdepthshallbedetermined
throughtest.

d) Whenthecollapsibleloessfoundationistreatedwiththevibro-flotationmethod,thespacingof
holes,holediameterandholedepthshallbedeterminedwithreferencetoexperiencefromthe
completedprojectorthroughtest.

e) Theundergroundcavitylikesinkhole,animalfurrow,caveandburialpitinthedamfoundation
loessshallbeascertainedandtreated.

6.4.4.4 Therockandkarstfoundationtreatmentshallmeetthefollowingrequirements.

a) Whenthewaterpermeabilityoftherockfoundationisrelativelyhigh,whichinfluencesthewa-
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terfillingaswellasthesafetyofthedambodyanddamfoundation,thetreatmentmeasures
shallbeimplemented.

b) Whentheintensivebeltofthejointfissuresorafaultfracturezoneexistsintherockfoundation
withinthescopeofthedamfoundationorcut-offtrench,thecorrespondingtreatmentmeasures
shallbedeterminedaccordingtotheiroccurrence,widthanddepthaswellastheinfluenceof
pipingandcorrosiononthedamfoundationanddambody.Thetreatmentmeasuresinclude:

1) excavatingafurrowandbackfillingconcrete;

2) increasingthebottomwidthofthecut-offtrench;

3) pavingtheinvertedfilterattheexposedpositionsofthedownstreamfaultandfracture
zone.

c) Whenbuildingadaminthekarstregion,thehydrogeologicalconditionsaswellasthekarstdis-
tributionsituationofthedamsiteanditssurroundingsshallbeascertained.

d) Thekarstfoundationmaybetreatedbycutting,blocking,entrapping,pavingandseparating.
Onemethodoracombinationofseveralmethodsmaybeusedaccordingtotheengineeringand
seepagesituation.

6.4.5 Connectionofthedambodytothefoundationandthebankslope

6.4.5.1 Thefilledearthofthedambodyshallbeproperlycombinedwiththefoundationandthe
bankslope,andshallbefreefromthefollowingcases:

a) theinfiltrationwaterscoursalongthecontactsurfacebetweenthedambodyandthedamfoun-
dation;

b) theweaksurfaceisformedandthedambodystabilityisinfluenced;

c) theunevensettlementandcracksoccur.

6.4.5.2 Beforefillingthedambody,thedamfoundationandthebankslopeshallbecleanedaccord-
ingtothefollowingrequirements.

a) Cleantheturf,treeroots,plantingsoilandstoneripraponthefoundationandthebankslope
withinthescopeofthedamsection.Treatmentofwells,caves,testpitsanddrilledholes
shouldbetaken.

b) Itisnecessarytoremovetheloosestonesonthesurface,theloosesoilinthepitsandthepro-
jectingrocksattheconnectionsbetweentheanti-seepagebodyoftheearthandrockfilldamand
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therockfoundation/bankslope;theanti-seepagebodyshallcontactwiththerocksurface;if
bedrockfissureshavedeveloped,theconcretecoverplateshallbearrangedorthecementmor-
tarorconcreteshallbesprayedonthecontactsurfacebetweenthebedrockandtheanti-seepage
bodyofthedamtoseparatethebedrockfromtheanti-seepagebody;thebedrockshallbegrou-
tedwhennecessary.

6.4.5.3 Therockslopeshallbeassmoothaspossible,butshallnotbemadeintostepsorhavean
adverseslopeorsuddenchangeingradient;whenthebankslopeisgentleontheupperpartand
steeponthelowerpart,themulti-slopingangleoftheprojectingpartshouldnotbelessthan20°.
Thegradientoftherockbankslopeincontactwiththeanti-seepagebodyshouldnotbegreaterthan
1∶0.5andthegradientoftheearthbankslopeshouldnotbegreaterthan1∶1.5.Thegradientofthe
contactsurfacebetweentheanti-seepagebodyandtheconcretestructureshouldnotbegreaterthan
1∶0.25.Attheconnectionbetweenthepermeablematerialofthedamshellandthebankslope,the
contactgradientwillnotbespeciallyspecified,butthebankslopeshallensureitsownstability.

6.4.5.4 Attheconnectionbetweentheearthanti-seepagebodyandthebankslope,thesectionof
theanti-seepagebodyorthethicknessofthedownstreaminvertedfiltershouldbeincreased.

6.4.5.5 Theanti-filtrationrequirementsshallbemetbetweenthefoundationoverburdenortherock
fissurefillingofthebankslopeandthefilterdamshell;otherwise,theinvertedfiltershouldbear-
ranged.

6.4.6 Dambodystructure

6.4.6.1 Thecrestelevationoftheearthandrockfilldamisdeterminedbythenormalwaterlevelor
thecheckfloodlevelandthecrestfreeboard.Thecrestfreeboardmaybecalculatedaccordingtothe
Formula(9).Whenthewavewallisarrangedontheupstreamsideofthedamcrest,thetopeleva-
tionofthewavewallshallbehigherthanthetopelevationofthewave,andthedamcrestshallnot
belowerthan0.5mabovethecheckfloodlevelorthenormalreservoirlevel.Intheearthquakearea,

theheightoftheearthquakesurgemaybe0.5mto1.0maccordingtotheseismicintensityandthe
waterdepthinfrontofthedam.

6.4.6.2 Thedamcrestshallbereservedwithasettlementmargin,thevalueofwhichshallbedeter-
minedbycalculationorengineeringanalogy.Thereservedsettlementmarginmaybeincreasedap-
propriatelyintheearthquakearea.

6.4.6.3 Thewidthofthedamcrestshallmeettherequirementsformobility,constructionandoper-
ationandoverhaul.Thewidthofthedamcrestmaybe4mto6m.

6.4.6.4 Flexiblematerialssuchasgravel,sandgravelorbituminousconcretemaybeusedonthe
damcrestpavement.Thedamcrestpavementmaybeinclinedby2%to3%towardstheupstream
anddownstreamsidesrespectivelyoronlytowardsthedownstreamside.Thedownstreamdrainage
systemshallbeproperlyequipped.
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6.4.6.5 Thedamslopeshallmeetthestabilityrequirements.Thenecessityofarrangingbencheson
theupstreamanddownstreamdamslopesmaybedeterminedaccordingtotheactualdemands;its
widthshallnotbelessthan1.0m;theheightdifferencebetweenbenchesmaybe8mto12m.

6.4.6.6 Thesectionsizeoftheearthanti-seepagebodyshallmeettheseepagestabilityrequire-
ments,andtheseepageshallbecontrolledwithintheallowablescope.

6.4.6.7 Thethicknessoftheearthanti-seepagebodyshallincreasegraduallyfromtoptobottom,

andthetopwidthshouldnotbelessthan1.5m;thebottomthicknessmaybedeterminedaccording
tothepermissivepermeabilitygradient,butshallnotbelessthan3.0m.Incoldregions,thethick-
nessoftheprotectivesoillayeroftheclaycorewallshallbegreaterthanthelocalfrozensoildepth.

6.4.6.8 Ifthegeomembraneisusedforanti-seepage,aprotectivelayershallbepavedonthe

geomembrane,andasupportinglayerbeneathit.Theprotectivelayerconsistsofthesurfacelayer
andthecushionlayer.Theprotectivelayershallbeabletopreventthegeomembranefromultraviolet
radiation.Thesupportinglayershallmakethestressofthegeomembraneuniformandprotectitfrom
beingdamagedbythepartialcentralizedstress.

6.4.6.9 Theanti-seepagegeomembraneshallformanenclosedanti-seepagesystemtogetherwith
thedamfoundation,bankslopeorotherconcretestructures.Theperipheraljointsshallbeproperly
treated,andtheirstructuraldimensionsshallbeabletomeettherequirementsofseepagegradient
anddeformation.

6.4.6.10 Thetopelevationoftheanti-seepagebodyshallbeatleast0.3mhigherthanthenormal
waterlevelandshallnotbelowerthanthecheckfloodwaterlevel;Ifthewavewallisarrangedon
thetopoftheanti-seepagebody,itstopelevationmaynotbelimitedbythisparagraph,butshall
notbelowerthanthenormalwaterlevel.

6.4.6.11 Theanti-filtrationprincipleshallbeappliedbetweentheearthanti-seepagebody(including
homogeneousdam,corewall,inclinedwall,blanketandcut-offtrench)andthedrainagebodyofthe
damshellortheperviousbedofthedamfoundation;otherwise,theinvertedfiltershallbear-
ranged,orboththeinvertedfilterandthetransitionlayershallbearranged.

6.4.6.12 Iftheanti-filtrationprinciplecannotbeappliedbetweenthedamshellandthedamfounda-
tion,theinvertedfiltershallbearranged.

6.4.6.13 Whenthedambodyisfilledwithseveralkindsofearthandrockfillmaterials,theanti-fil-
trationprincipleshallbeappliedbetweenthedifferentsoillayers.Nearthecorewallorinclinedwall,

thesoilandrockfillmaterialswithsmallerpermeabilityandfinerparticlesshouldbefilled;andthe
soilandstonematerialswithlargerpermeabilityandcoarserparticlesshouldbefillednearthedam
slope.
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6.4.6.14 Theinvertedfiltershallmeetthefollowingrequirements.

a) Itshallbeabletopreventtheprotectedsoilfromseepagedeformation;thematerialofthein-
vertedfiltershallbenon-pipingsoil.

b) Itswaterpermeabilityshallbegreaterthanthatofprotectedsoil,anditcandraintheinfiltration
watersmoothly.

c) Itshallnotbecloggedbythefineparticles(d<0.1mm).

d) Itshallbedurableandstable,anditspropertieswillnotchangeovertimeorundertheinfluence
oftheenvironmentduringtheserviceperiod.

6.4.6.15 Theinvertedfilterandthetransitionlayershallbecompacted.Thethicknessoftheinvert-
edfiltershallbedeterminedinaccordancewiththepurposesofmaterialandconstructionmethod.
Theminimumthicknessofeachhorizontalfilteringlayermaybe0.3mandthatofeachverticalorin-
clinedinvertedfiltermaybe0.4m.Whenitisbuiltwiththemachinery,theminimumhorizontal
widthshallbedeterminedaccordingtotheconstructionmachineryandconstructionmethod.The
thicknessoftheinvertedfilterbuiltonthesoftsoilfoundationshallbeincreasedappropriately.

6.4.6.16 Thegranularfiltermaterialshallbedeterminedaccordingtothefollowingcriterion.

a) Therelationshipbetweentheprotectedsoilandtheinvertedfiltershallmeettherequirements
ofD15/d85lessthanorequalto5andD15/d15greaterthanorequalto5.D15 meansthatthe
weightofsoillessthanthegrainsizeofthefiltermaterialoccupies15%ofthetotalweightof
soil;d85(d15)meansthegrainsizeofprotectedsoilandtheweightofthesoillessthanthe
grainsizeoftheprotectedsoilis85% (15%)ofthetotalweightofthesoil.

b) Whentheprotectedsoilisfine-grainedsoil(CLand/CH)andd85equalto0.01mmto0.03mm,

thesandorgravellysandwithD15lessthanorequalto0.5mmmaybeusedastheinvertedfil-
ter.

c) Withregardtotheprotectedsoilwitharelativelyhighnon-uniformcoefficient(η),d15andd85

ofthefinegrainportionswithηlessthanorequalto5to8inthegradingcurvemaybeusedas
thegrainsize.

d) Withregardtothesoilgapgradation,d15andd85ofthegraingroupbelowthelevelsectionof
thegradingcurve(usuallylessthan1mmto5mm)shallbeusedasthegrainsizeforcalcula-
tion.

e) Whentheinhomogeneitycoefficient(η)ofthefirstlayerisgreaterthan5to8sandgravel,itis
requiredthatthegravel(dgreaterthanorequalto5mm)contentshouldbe60%,andtheD15
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initsfinematerial(dlessthan5mm)portionshallbetakenasthegrainsizeforcalculation.

6.4.7 Drainageinthedambody

6.4.7.1 Thedrainagefacilitiesshallbearrangedfortheearthandrockfilldam,andshallmeetthe
followingrequirements.

a) Lowertheseepagelineofthedam body,reducetheporepressure,controlseepageand
improvedambodystability.

b) Havesufficientdrainagecapacityandfreelydrainalltheinfiltrationwater.

c) Designinaccordancewiththeanti-filtrationprincipletopreventthedambodyandthefounda-
tionsoilfromseepagefailure.

d) Thematerialsforthedrainageshallberockblocks,macadamorsand-gravelmaterialwhichare
hardandweather-resistant.

6.4.7.2 Thedrainagefacilitiesforthedambodyincludethedrainageprism,slopefacedrainage,

drainageinthedam body (includinghorizontalblanketdrainage,verticaldrainageandgrid-form
drainage)oracombinationoftheabovemeasures.

6.4.7.3 Thetypeselectionofthedrainagefacilitiesforthedambodyshallbedeterminedincombi-
nationwiththedrainagerequirementsforthedambodyandthedamfoundation,andwithcompre-
hensiveconsiderationgiventothefollowingsituation:

a) thedamtypeandthepropertiesofthematerialsofthedambodyandthedamfoundation;

b) theengineeringgeologicalandhydrogeologicalconditionsofthedamfoundation;

c) thedownstreamwaterlevel;

d) thematerialandconstructionsituationofthedrainagefacilities;

e) theclimaticconditionsofthedamsitearea.

6.4.7.4 Therequirementsforthedrainageprismareasfollows.

a) Thedrainageprismappliestothesituationthatthereiswaterinthedownstreamregion;itstop
elevationshallbeatleast0.5mabovethemaximumdownstreamwaterlevel.

b) Theminimumdistancebetweentheseepagelineofthedambodyandthedamfaceshallbegrea-
terthanthedepthoffrostpenetrationinthisregion.
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c) Thetopwidthofthedrainageprismshallmeettherequirementsforconstructionandobserva-
tion,whichshouldnotbelessthan1.0m.

d) Theinnerandouterslopesofthedrainageprismmaybedeterminedaccordingtotherockmate-
rialsandconstructionconditions;thegradientoftheinnerslopemaybe1∶1.0andthegradient
oftheouterslopemaybe1∶1.5orsmaller.

6.4.7.5 Therequirementsforslopefacedrainageareasfollows.

a) Thetopoftheslopefacedrainageshallbehigherthantheexitpointoftheseepageline;the
heightdifferenceshallmaketheseepagelineofthedambodybebelowthefrostline,butshall
notbelessthan1.5m.

b) Thethicknessoftheslopefacedrainageshallbegreaterthanthedepthoffrostpenetration.

6.4.7.6 Therequirementsforthehorizontalblanketdrainageareasfollows.

a) Thehorizontalblanketdrainageisapplicabletothesituationwherethereisnowaterdown-
stream.

b) Thelongitudinalopendrainconnectedtoitshallbearrangedatthedamtoeofthehorizontal
blanketdrainage;thebottomoftheopendrainshallbelowerthanthebottomsurfaceofthe
horizontalblanketdrainage;inacoldregion,sufficientdrainagesectionsshallbeensuredafter
theopendrainhasbeenfrozen.

c) Withregardtothehomogeneousearthdam,thehorizontalblanketdrainageshouldbefilledwith
medium-coarsesandorsand-gravelmaterials,whichshallmeettheanti-filtrationrequirements,

andshallbefreefromgravelconcentrationphenomenon;therelativelybigparticlesshouldbe
removed;thesiltcontent(dlessthan0.1mm)shallbelessthan5%andthepermeabilitycoef-
ficientshallbegreaterthanthatofthedamfoundationandthedambody.

d) Thethicknessoftheblanketmaybedeterminedonthebasisofthedrainingtwicetheinfiltration
capacity;forthedamfoundationpronetoproduceunevensettlement,thethicknessofthehor-
izontalblanketdrainageshallbeincreased.

e) Thelengthofthehorizontalblanketdrainageextendedintothedambodymaybe1/3to1/4of
thedambottomwidth.

f) Onthedamfoundationsurfacesofbothbanks,thetransversespraydrainshallbearranged,in
ordertofacilitatethesubsectionoftheinfiltrationwaterintheblanketcollectedandledtothe
damtoedrainageditch.Thetopsurfaceofthespraydrainshallbelowerthanthebottomsur-
faceoftheblanket.
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6.4.7.7 Theverticaldrainagemaybearrangedinthehomogeneousearthdambody,whichiscon-
nectedtotheupstreamendofthehorizontalblanketdrainagetoretaintheseepageinthedamand
lowertheseepageline.

6.4.7.8 Thedimensionsofthelongitudinalandverticaldrainagestripsinthedrainagegridshallbe
determinedaccordingtotheseepagecalculation;itsdrainagecapacityshallnotbelessthantwice
theinfiltrationcapacity.Thewidthofthetransversedrainagestripshallbegreaterthan0.5m,the
spacingbetweenstripsshallbe20mto50mandthegradientshallnotbegreaterthan1%.Ifthecal-
culateddimensionsofthedrainagegridaretoogreat,theconcretedrainpipemaybearrangedinthe
drainagestrips,thepipewallshallbedrilledwithholesandthepipediametershallnotbelessthan
0.15m.Theflowvelocityinthepipeshallbe0.2m/sto1.0m/s;thefiltermaterialshallbefilled
aroundthepipebody.

6.4.8 Slopeprotection

6.4.8.1 Thearrangementoftheslopeprotectionofthedamfaceshallmeetthefollowingrequire-
ments.

a) Theupstreamslopeprotectionshouldresistwaveimpactandpreventdamagesbyiceblocksand
debris.

b) Frostheavinganddrycrackingofthecohesivesoilinthedambodyshallbeprevented.

c) Theslopesurfaceshallbeprotectedfromtherain.

d) Thenon-cohesivesoilshallbeprotectedfrombeingblownawaybythewind.

e) Thedestructionbyanimalsshallbeprevented.

6.4.8.2 Theupstreamslopemayincluderiprapprotectionoftheslope,placedrockfillprotectionof
theslope,masonryprotectionoftheslope,concreteorbituminousconcreteprotectionoftheslope.

6.4.8.3 Thecushionlayershallbearrangedbetweenthedambodyandtherockfillrevetment.

6.4.8.4 Theupstreamslopeprotectionisnotrequirediftheminimumreservoirwaterlevelisbelow
1.5m.

6.4.8.5 Thedownstreamslopeprotectionmayincludeagrassedslope,macadamorcobbleslope
protectionandacrushedrock(orconcreteprecastblock)revetment.Ifthedambodyisfilledwith
rock,macadamorcobble,theslopeprotectionmaynotbearranged.

6.4.8.6 Inthecoldregion,thethicknessoftheupstream/downstreamslopeprotectionandthe
cushionlayerforthesoilmassshallnotbelessthanthedepthoffrostpenetration.
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6.4.8.7 Thelongitudinal/transversejointsanddrainageholesshallbearrangedforthemasonryor
concreteslopeprotection.

6.4.8.8 Thefoundationsupportshallbearrangedatthetoeoftheslopeprotection.

6.4.9 Drainageonthedamface

6.4.9.1 Thelongitudinalandtransversedrainageditchesshouldbearrangedonthedownstream
slope.

a) Thelongitudinal(alongthedirectionofdamaxis)drainageditchesshouldbearrangedonthein-
nersideofthebench.

b) Thetransversedrainageditchesshallbeextendedfromthedamcresttothedrainageditchat
thedamtoeorbelowtheminimumtailwaterlevel.

c) Thetransversedrainageditchesmaybearrangedatintervalsof50mto100m,andthereshall
beatleasttwotransversedrainageditches.Thelongitudinalandtransversedrainageditches
shallbeinter-connected.

d) Thenetsectionsizeofthedrainageditchmaybe0.4m×0.3m.Thedrainageditchmaybebuilt
withmasonryorconcreteblocks.

6.4.9.2 Thedrainageditchshallbearrangedattheconnectionbetweenthedambodyandthebank
slope;itscatchmentareashallincludetheeffectivecatchmentareaofthebankslopes.

6.4.10 Calculationforthedambody

6.4.10.1 Theseepagecalculationofearthandrockfilldamshallincludethefollowingcontents:

a) determinethelocationofthedaminfiltrationlineanditsdownstreamescapepoint,anddraw
thedistributionmaporflownetworkmapoftheequipotentiallinewithinthedambodyandthe
foundation;

b) determinetheseepageflowofthedambodyandfoundation;

c) determinetheescapegradientbetweenthedamslopeescapesectionandthedownstreamdam
foundationsurface,aswellastheseepagegradientbetweendifferentsoillayers;

d) determinethepositionoftheinfiltrationlineortheporepressureintheupstreamdamslope
whenthereservoirwaterlevelfalls;

e) determinetheequipotentialline,seepageflowrateandseepagegradientoftheabutment.
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6.4.10.2 Thecalculationofseepageshallconsiderallkindsofadverseconditionsintheoperationof
thereservoir,includingthefollowingwaterlevelcombinations:

a) thenormalupstreamstoragewaterlevelandthecorrespondinglowestdownstreamwaterlevel;

b) upstreamdesignedfloodlevelandthedownstreamcorrespondingwaterlevel;

c) upstreamcheckedfloodlevelandthedownstreamcorrespondingwaterlevel;

d) themostunfavourableconditionforupstreamdamslopestabilitywhenthereservoirwaterlevel
falls.

6.4.10.3 Anisotropyofpermeabilitycoefficientofthedambodyandfoundationshallbeconsidered
inseepagecalculation.Theaveragevalueofthehighvalueofthesoilpermeabilitycoefficientshall
beusedtocalculatetheseepageflow,andtheaveragevalueofthesmallvalueshallbeusedtocal-
culatetheinfiltrationlinewhenthewaterlevelfalls.Necessaryseepagecontrolmeasuresshallbe
takenthroughseepagecalculation.

6.4.10.4 Thestabilityoftheearth-rockdamshallbecalculatedinthefollowingfoursituations:

a) thedownstreamdamslopeduringthestableseepageperiod;

b) upstreamdamslopeduringthereservoirwaterlevelfallingperiod;

c) upstreamanddownstreamdamslopesduringtheconstructionperiod(includingthecompletion
period);

d) normaloperationoftheupstreamanddownstreamdamslopesincaseofearthquakes.

Where,a)andb)operatingconditionsarenormal,andtheanti-slipstabilitysafetyfactorisnotless
than1.25;c)operatingconditionistheabnormaloperatingconditionI,andtheanti-slipstability
safetyfactorisnotlessthan1.15;d)operatingconditionisabnormaloperatingconditionII,andthe
anti-slipstabilitysafetyfactorisnotlessthan1.10.

6.4.10.5 ThestaticstabilityofthedamshallbecalculatedwiththeSwedishcirclemethodinac-
cordancewiththerigidbodylimitequilibriumtheoryforthehomogeneousdam,thecorewalldam
andthickearthdamwithinclinedcore;orwiththeslidingwedgemethodforthethinearthdamwith
inclinedcore,thincorewalldamanddambodywithsoftsoilinterlininginthedamfoundation.

6.4.10.6 Thestabilityoftheearthandrockfilldamduringtheconstructionperiodmaybecalculated
withthetotalstressmethod;thesoilsamplecorrespondingtothedesigneddrydensityandmoisture
contentoffillingmaybepreparedfordirectquickshear(ortri-axialundrainedshear)test;the
strengthindexCuandφushallbeusedtocalculatethestability.Thestressactingonthesliparcshall
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bethetotalstressgeneratedbythedeadweightofthesoilmass.

6.4.10.7 Forthedamonacollapsibleloessfoundation,theinfluenceofstrengthreductiononthe
dambodystabilitycausedbyfoundationimmersiononthestabilityofthedambodyduringreservoir
impoundmentshallbecalculatedifthefoundationisnottreatedduringconstruction.

6.4.10.8 Forthedamonsoftsoilfoundation,thestabilityduringtheconstructionperiodshallbe
verifiedifthefoundationhasnotbeentreated.ThestrengthindexCufromthedirectquickshear(or
tri-axialundrainedshear)testatnaturaldrydensityandthemoisturecontentofthefoundationsoil
maybeadopted,orthestrengthindexfromtheunconfinedcompressiontestorcrossplateshear
testmaybeadopted.Ifthedrainageconsolidationmeasureshavebeenimplementedforthefounda-
tion,theconsolidationofthefoundationatvariousdegreesduringtheconstructionperiodandthe
completiontimeshallbeconsidered;iftheporepressureisdissipated,thecalculationmaybeper-
formedwiththeeffectivestressmethod;inthiscase,thestrengthindexfromthedirectquickshear
(ortri-axialdrainedshear)testmaybeused.

6.4.10.9 Theeffectivestressmethodshallbeusedtoworkoutthestableseepageperiod,andthe
porepressureandeffectivestressactingontheslidingsurfaceshallbecalculatedaccordingtothe
seepageflownetequipotentialline;thedirectslowshear(ortri-axialdrainedshear)strengthindex
shallbeused.Tosimplifythetest,theshearstrengthindexofdirectconsolidationfastshear
strengthmayalsobeapproximated..

6.4.10.10 Duringthewaterleveldropperiod,theseepagelineinthedambodymaybedeemedto
dropsynchronouslyalongwiththereservoirwaterlevelforthenon-cohesivesoilsuchasrockmate-
rialorsand-gravelmaterial,regardlessoftheporepressure.

6.4.10.11 Withregardtothesoilanti-seepagebody,whenthewaterleveldrops,theporepressure
inthedambodyordamfoundationduringthewaterleveldropperiodmaybeobtainedinaccordance
withtheflownetdiagramafterthewaterleveldropsandmaybecalculatedwiththeeffectivestress
method;theporepressuremayalsobecalculatedwiththefollowingsimplifiedmethod:assuming
thattheseepagelineremainsunchangedbeforeandafterthewaterleveldrops;calculatetheblockin
thepartbelowthewaterlevelbeforeitdropswiththebuoyantunitweight,calculatethesliding
forcewiththesaturatedweightfortheblockbetweenthedroppedwaterlevelandtheseepageline,

calculatetheslidingresistanceforcewiththebuoyantunitweight,usethetrueweightfortheblocks
inthepartabovetheseepageline;theshearstrengthemploysthedirectsolidificationquickshear
(ortri-axialconsolidationundrainedshear)strengthindex.

6.4.10.12 Fortheearthandrockfilldam,thetotalsettlementofthedambodyanddamfoundation
aswellasthesettlementduringtheconstructionperiodshallbecalculated.Thetotalsettlementmay
becalculatedlayerbylayerinaccordancewiththecompressioncurveofthedambodyanddamfoun-
dation,andthensummarized.
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S=∑
n

i=1

e0i-ei

1-e0i
hi …………………………(13)

where

S  isthetotalsettlement,inm;

n isthenumberoflayers;

e0i istheinitialporosityatlayeri;

ei istheporosityatlayeriundertheeffectofupperload;

hi isthesoilthicknessatlayeri,inm.

6.4.10.13 Accordingtotheempiricaldata,thesettlementofthedambodyduringtheconstruction
periodmaybe80%ofthefinalsettlementfortheearthdamandmaybe90%ofthefinalsettlement
forrockfillorgraveldams.Theresultfortotalsettlementdeductedforthesettlementduringthe
constructionperiodisthesettlementaftercompletion.

6.5 Damwithhydraulicautomaticflapgate

6.5.1 Generalprovisions

6.5.1.1 Thetypeselectionforthehydraulicautomaticflapgateshallmeettherequirementsfor
comprehensivewateruseandflooddischarge.Thewheeledhydraulicautomaticflapgatewithcon-
nectingrodandthehydraulicautomaticflapgatewithdoublesupports(seeFigure4andFigure5)
shouldbeused;thegateheightshouldnotbegreaterthan5m.

Key
1 protectivepier          2 face
3 outrigger            4 rail
5 connectingrod          6 idlerwheel(orfixedwheel)
7 wheelseat            8 buttress
9 servicebridge          10 bottomwaterstop

Figure4 Structureschemeofwheeledhydraulicautomaticflapgatewithconnectingrod
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Key
1 limitingpier           2 face
3 outrigger           4 straightrail
5 guiderail             6 movableblock
7 crownblock            8 wheelseat
9 buttress             10 waterstop

Figure5 Structureschemeofwheeledhydraulicautomaticflapgatewithdoublesupports

6.5.1.2 Theflapgateshouldbeusedforwaterstorageprojectsonmediumandsmallriversin
mountainousandhillyareas.Theflapgateshouldnotbeusedforfloodcontrolanddrainagecontrol
projects.

6.5.1.3 Ifthewaterdepthupstreamoftheweirinfrontofthesluiceismorethantwicethegate
heightduringflooddischarge,theflapgateshouldnotbeselected.

6.5.1.4 Whentheflapgateisarrangedintheplainriverchannelandtheriverreachjackedwiththe
downstreamwaterlevel,thehydraulicmodeltestshallbeperformedfordemonstration.

6.5.1.5 Theflapgateshallnotsustainthestaticpressureofice.Whentheflapgateisadoptedin
coldareas,theanti-freezingmeasuressuchashydraulicjetandcompressedairblowingshallbese-
lectedaccordingtotheairtemperatureandthereservoirwaterlevelchanges.

6.5.1.6 Withregardtotheriverchannelrequiringautomaticcontrolforoperationmanagement,the
hydraulic-assistedflapgateshouldbeselected.

6.5.1.7 Theregulatinggateorscouringsluiceshallbearrangedforthedamwithaflapgateaccord-
ingtothetopographicconditionsoftheriverbed.

6.5.2 Layoutofthedamwithflapgate

6.5.2.1 Thesiteselectionoftheflapgateshallbeconducivetotheoveralllayoutoftheproject;the
riversectionwithstraightrivercourseandstablewaterflowshouldbeselected.Displacementofthe
flapgateintheriverreachwithcomplexflowregimeortheflapgatewithadischargingcapacityex-
ceeding1000m3/sshallbedemonstratedthroughhydraulicmodeltest.
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6.5.2.2 Whenthesluiceisbuiltontheriverdownstreameofmulti-tributaryconfluence,thegate
siteshouldbeselectedatthepositionwithsmoothandsteadyflowconditionsdownstreamofthe
confluence.

6.5.2.3 Theaxisoftheflapgateshallbeverticaltothewaterflowdirectionoftheriverreach;the
widthofthegateshallmeettherequirementsofdischargedesignandcheckflood.

6.5.2.4 Theconnectionoftheflapgatewithbothbanksshallmakethewaterflowingsmoothly
throughthegate.Theconnectionbetweentheupstream/downstream wingwallsandbothendsof
thebankpiershallbesmooth;thelengthalongthewaterflowdirectionshallbedeterminedaccord-
ingtotheinlet/outletwaterflowconditionsandtheanti-scourrequirements.

6.5.3 Constructionoftheflapgate

6.5.3.1 Broad-crestedweirortrapezoidpracticalweirshouldbeadoptedforthetypeoftheflap
fateweir.Theweircrestelevationshallbedeterminedinaccordancewiththeterrain,geology,wa-
terlevel,flowrate,sediment,constructionandoverhaulconditions,andshouldbe0.5mhigher
thantheaverageelevationoftheupstreamriverbedterrain;theweircrestwidthshallmeetthere-
quirementsofinstallationandoverhauloftheflapgate.

6.5.3.2 Thesectionallengthofthegatebaseslabshallbeinharmonywiththespanoftheflapgate;
thejointsonthebaseslabshouldbelaidoutonthejointsoftheflapgate.Thesectionallengthofthe
gatebaseslabontherockfoundationshouldnotexceed20m;thesectionallengthofthegatebase
slabonthesoilfoundationshouldnotexceed35m.

6.5.3.3 Whenthewidthoftheflapgateisgreaterthan50m,thedividingpiersshouldbearranged
inthemiddletoseparatetheflapgateintoseveralparts;thenumberofflapgatesshouldbe5to8.
Thedistanceextendedupstreamfromtheendofthedividingpiertotheleadingedgeoftheface
shallnotbelessthan3m.

6.5.3.4 Theprotectionpiersmaybearrangedinfrontoftheflapgatefaceslab;thefixedstructure
ofthepullinganchorforflapgatemaintenanceshallbeburiedinthebaseslaborbuttressbehindthe
gate.Themaintenanceaccessshouldbearrangedbehindthebuttressoftheflapgate,andthewidth
shouldbe0.6m.

6.5.3.5 Thededicatedpipeditchshouldbearrangedinthebuttressandbaseslabofthehydraulic-
assistedflapgate;thereservedpipeditchdimensionshallmeettherequirementsofconnectinghy-
drauliccylinderandoilpipeandthethicknessofconcretecoveringinthesecondstage.

6.5.3.6 Thehydraulicpumpstationandtheelectricalequipmentforthehydrauliccontrolsystem
shallbelaidoutinthecontrolroom.Necessaryspaceforequipmentinstallationandmaintenanceas
wellasapassagewithawidthnotlessthan0.8mshallbereservedinthecontrolroom.Electrical
equipmentshallbeprotectedagainstdust,moisture,saltspray,frostandsand.
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6.5.4 Designoftheflapgate

6.5.4.1 Thewaterdepthforopeningtheflapgateshouldbe0.1mto0.25mdeeperthanthegate
top,thewaterdepthforclosingthegateupstreamoftheweirshouldnotbelessthan0.9timesthe
verticalgateheightandthemaximumflappingangleoftheflapgateshouldnotbemorethan80°.

6.5.4.2 Theflapgateshouldadoptprefabricatedreinforcedconcretestructure;theassemblymem-
bersshouldbecomposedoftheface-plate,outriggerandbuttress,whichshallmeettherequire-
mentsofstrength,anti-crackinganddurability.

6.5.4.3 Thegateface-plateshalladoptdouble-cantilever-beamstructurewithdoubleoutriggers
(longitudinalbeams).Theheightofgravitycentreoftheflapgatebodyshouldnotbemorethan
0.45timesthegatebodyheight.

6.5.4.4 Thebuttressshalladoptreinforcedconcretestructure.Thebottomoftheprecastbuttress
shallbeinsertedintothefoundationcup;theinsertdepthshallnotbelessthantwicethelengthof
theshortedge.

6.5.4.5 Theventholesshallbearrangedinthegatepieroftheflapgateforsupplyingairbeneath
thegate.Thebottomoftheventholeshouldbelaidoutattheposition1/3ofthegateheightbehind
thegate.Thetopelevationoftheventholeshallbedeterminedaccordingtothecheckfloodlevel
plusthefreeboard.

6.5.4.6 Theidlerwheelshouldbemadeofcastironorcaststeel,theconnectingrodshouldbe
madeofshapedsteel,therailsshouldbemadeofrailsteelorcaststeel,themainshaftshouldbe
madeof#45steel,thewheelseatshouldbemadeofsheetmaterialorcaststeelandtheguiderail
plateshouldbemadeofnodularcastiron;thesteelmembersshallmeettherequirementsofstruc-
turalstrength.

6.5.4.7 Fortheweirbodyoftheflapgate,theanti-slipstability,structuralstress,stabilityagainst
seepageflowandenergydissipationandanti-scourshallbecalculated;meanwhile,theinfluenceof
energydissipationunderunfavourableworkingconditionslikecentralizedeffluentduetogatejam-
mingandoverhaulshallbeconsidered.

6.5.5 Calculationoftheflapgatedischarge

6.5.5.1 Hydraulicautomaticcontrolflapgatecanindependentlycompleteopening,fullyopeningand
closingactionsofthegatewiththehelpofhydraulicpoweranddeadweightofthegate.Themain
designandoperationindexesfortheflapgateshallmeetthefollowingrequirements.

a) Whenthereisnospecialrequirementforthepriminglevelofthegate,thewaterlevelshallbe
0.1mto0.25mhigherthanthegatetopwhenthegateisclosed.

b) Thedipangleoftheface-plateafterthegateisfullyturnedmaybedeterminedaccordingtothe
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fixedweirheight,theriverchannelgradientandthebackwatereffect,andshallbe75°to80°.

c) Thearmofforceforbackingoffthegateshallbe0.08mto0.16m.

6.5.5.2 Thedischargeoftheflapgateisamixtureofweirflowonthegateandorificeflowunder
thegate.ThewaterdischargethroughtheflapgatemaybecalculatedaccordingtotheweirflowFor-
mula(14)to(17).

Q=mcB 2gH1.5
0 …………………………(14)

c=-0.560
S1

S2

æ

è
ç

ö

ø
÷

2

+1.554
S1

S2

æ

è
ç

ö

ø
÷-0.041 ……………………(15)

S1=B×(H2-H×cosα) …………………………(16)

S2=H2×B …………………………(17)

Whenthewaterflowisdischargedfreelythroughtheholesintheflapgateweir,thecoefficientm
ofwaterdischargethroughthegateandthecorrectionfactorc maybecalculatedaccordingtothe
Formulas(18)to(19).

a) Forthebroad-crestedweirwithcircular-beadinletedge:

when0<H1/H2<3.0

m =0.32+0.01
3-H1/H2

0.46+0.75H1/H2
……………………(18)

whenH1/H2≥3.0,m=0.32

b) Forthebroad-crestedweirwithright-angledinletedge:

when0<H1/H2<3.0,

m =0.36+0.01
3-H1/H2

1.2+1.5H1/H2
………………(19)

whenH1/H2≥3.0,m=0.36

where

Q isthewaterdischargethroughgate,inm3/s;

m isthedischargecoefficientforbroad-crestedweir;

c isthecorrectionfactor;withconsiderationgiventotheinfluenceofthewaterblockingby
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theface-plateandthebuttressaswellasthesidecontraction;

S1 istheopenareawhenthewaterisblockedbythegateleaf,inm2;

S2 istheopenareaabovetheweircrestatsamewaterlevelwhenthewaterisnotblockedby
thegateleaf,inm2;

B isthewidthofthepassingflow,inm;

g istheaccelerationofgravity,take9.81m/s2;

H0 isthewaterheadincludingtheapproachingvelocity,inm;

H1 istheweirheight,inm;

H2 isthewaterdepthovertheWeir,inm;

H istheheightofthegate,inm;

α istheoverturninggateangleintheverticaldirection,in(°).

7 Waterreleasestructure

7.1 Spillway

7.1.1 Generalprovisions

7.1.1.1 Thelayoutoftheriversidespillwaymayincludetheintakechannel,controlsection,dis-
chargechute,energydissipationandanti-scourfacilitiesandoutletchannel.

7.1.1.2 Thelayoutofthespillwayshallbecomprehensivelyconsideredincombinationwiththegen-
erallayoutoftheprojecttopreventmutualinterferenceofstructuressuchastheflooddischargeand
powergenerationinthelayout.

7.1.1.3 Thedischargeandenergydissipationshallbereasonablyselectedforthelayoutofspillway;
theoutletwaterflowshallbesmoothlyconnectedtothedownstreamriverchanneltoavoidserious
erosionandscouringofthedownstreamriverbedandbankslopesbywaterflow,andthesedimen-
tationoftheriverchannel,soastoensurethenormaloperationofotherstructuresoftheproject.

7.1.1.4 Favourableterrainandgeologicalconditionsshallbeselectedforthelocationofthe
spillway.Thelocationshallbeonthebankorinthepassandthehighslopeformedduetoexcavation
shouldbeavoided.

7.1.1.5 Whenthegradientofthedamabutmentsonbothbanksishighandthelayoutrequiresrela-
tivelyabroadwidthofoverflowleadingedge,theside-channelinletorothertypesofinletsmaybe
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adopted.

7.1.1.6 Thespillwayshallbelaidoutonthestablefoundation,andsufficientattentionshallbepaid
tothenegativeinfluenceofhydrogeologicalconditionsonthestabilityofthestructuresandside
slopesafterthecompletionofthereservoir.

7.1.1.7 Thespillwayinletandoutletshallbelaidouttoensuresmoothwaterflow.Theaxisofthe
spillwayshouldbestraight;whenitisnecessarytomakeaturn,thebendshouldbearrangedinthe
intakechannelortheoutletchannelsection.

7.1.1.8 Whenthespillwayislaidoutnearthedamabutment,itslayoutanddischargeshallnotin-
fluencethestabilityofthedamabutmentsandbankslopes.

7.1.1.9 Thestandbypowersupplyshallbeprovidedforthegatehoistandthebasicpumpingappli-
anceforthespillwaytoensurereliablepowersupply.

7.1.1.10 Whenequippedwithboththenormalspillwayandtheextraordinaryspillway,theflood
dischargecapacityofthenormalspillwayshouldnotbelessthanthevaluerequiredunderthedesign
floodstandard.Openspillwayshouldbeusedfortheextraordinaryspillway.Themaximumtotaldis-
chargeoftheextraordinaryspillwayshallnotexceedthenaturalfloodatthesamefrequencyonthe
damsite.

7.1.2 Layoutofthespillway

7.1.2.1 Thelayoutoftheintakechannelshallcomplywiththefollowingprinciples.

a) Favourablegeologicalandtopographicalconditionsshallbeselected.

b) Theaxisdirectionshallbeselectedtoensuresmoothwaterinflow.

c) Whentheintakechannelisrelativelylong,thetransitionsectionshouldbearrangedbeforethe
controlsection,anditslengthshallbedeterminedaccordingtotheflowvelocitybutshouldnot
belessthantwicethewaterdepthinfrontoftheweir.

d) Whenthechannelneedstomakeaturn,theturningradiusoftheaxisshouldnotbelessthan
4timesthechannelbottom width,andthestraightsectionbetweenthebendandthecontrol
weir(gate)shouldnotbelessthantwicetheweirhead.

7.1.2.2 Theinletoftheintakechannelshallbelaidoutaccordingtothelocalconditionssoasto
makethewaterflowenterthechannelsmoothlyandtheshapeoftheinletshouldbesimple.When
theinletislaidoutonthedamabutment,theguidewallwithcurvedsurfaceinthewaterflowdirec-
tionshallbearrangedonthesideclosetothedam;thesideclosetothehillmaybeexcavatedor
linedintotheregularcurvedsurface.Whentheinletislaidoutinapassfacingthereservoir,it
shouldbelaidoutinsymmetricalorbasicallysymmetricalbell-mouthtype.
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7.1.2.3 Whenthebottomwidthoftheintakechannelshrinksinthewaterflowdirection,theratio
ofbottomwidthsattheheadworkandatthetailendofintakechannelshouldbe1to3,thebottom
widthshallbeequaltotheoverflowleadingedgeattheconnectionwiththecontrolsectionandthe
baseslabshouldbeflatorhaveasmalladverseslope.

7.1.2.4 Thebottomoftheintakechannelonbedrockmaynotbelined;whentheheadlossisrela-
tivelygreatorthenon-scouringvelocityrequirementcannotbemet,thenecessityforliningshallbe
determinedthrougheconomiccomparison.Whenthelithologyispoor,itshallbelined.

7.1.2.5 Thecurvatureradiusofthehorizontalarcoftheverticalguidewallfortheintakechannel
shouldnotbelessthantwicethechannelbottom width,thelengthoftheguidewallinthewater
flowdirectionshouldbemorethantwicethewaterdepthinfrontoftheweirandtheelevationof
theguidewallcrestshallbehigherthanthemaximumreservoirwaterlevelduringflooddischarge.

● Withregardtotheintakechanneladjacenttotheearthandrockfilldambody,theguidewallshall
beatleastlongenoughtoblocktheslopetoeofthedam.

● Withregardtotheguidewallwithinthedistanceoftwicethewaterdepthinfrontoftheweirto
thecontrolsection,thewallcrownshallbehigherthanthemaximumreservoirwaterlevelduring
floodcontrol.

● Withregardtotheguidewallthatismorethantwicethelengthofwaterdepthinfrontofthe
weir,itmaybearrangedasasubmergencetype,anditswallcrownshallbeappropriatelyhigher
thanthedamface.

7.1.2.6 Thedesignofthecontrolsectionshallincludetheweir(gate)controllingthedischarging
capacityandtheconnectingstructuresonbothsides.Theselectionofthecontrolweir(gate)axis
shallmeetthefollowingrequirements.

a) Thegenerallayoutrequirementsfortheintakechannel,dischargechute,energydissipationand
anti-scourfacilitiesandtheoutletchannelshallbecomprehensivelyconsidered.

b) Therequirementsofthestructuresforstrength,stability,anti-permeabilityanddurabilityof
foundationshallbemet.

c) Itshallfacilitateexternaltrafficandthelayoutofstructuresonbothsides.

d) Whenthecontrolweir(gate)isclosetothedamabutment,itshallbeinharmonywiththedam
layout.

e) Itshallfacilitatethelayoutofanti-seepagesystem;theanti-seepagedrainagesystemincluding
thewaterstopforweir(gate)andbothbanks(ordam)shallformanintegralsystem.

7.1.2.7 Thecontrolweirtypeshallbeselectedthroughcomprehensivetechnicalandeconomiccom-
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parisoninaccordancewiththetopographicalandgeologicalconditions,hydraulicconditionsandop-
erationalrequirements.Thepracticalweir,broad-crestedweirandhumpweirmaybeappliedbothin
opentypeandwithbreastwall.Theopenoverflowweirshouldbepreferred.Thenecessityofarran-
gingthegateontheweircrestshallbedemonstratedanddeterminedfromtheaspectsofengineering
safety,floodregulation,reservoiroperationandprojectinvestment.

7.1.2.8 Theweircrestofsidespillwaymaybeprovidedwithoutagate.Thecross-sectionofthe
sidechannelshouldbeanarrow-deeptrapezoidalcross-section;theslopeonthesideofthehillmay
bedeterminedaccordingtothecharacteristicsofthebedrockandtheslopeonthesideoftheweir
maybe1∶0.5to1∶0.9.

7.1.2.9 Thetypeanddimensionofthegatepiershallmeettherequirementsofthegate(including
gateslot),layoutofaccessbridgeandservicebridge,aswellasthewaterflowconditions,struc-
ture,operationalandoverhaulrequirements.

7.1.2.10 Thelayoutoftheservicebridgeandtheaccessbridgeforthecontrolweir(gate)shallbe
determinedaccordingtotherequirementsofthegatehoist,operation,observation,overhauland
traffic.Ifthebridgesareusedforfloodpreventionandemergencyrescue,theservicebridgeandthe
accessbridgeshallbearrangedseparately,andtheclearanceunderthebridgeshallmeettherequire-
mentsofflood,iceanddebrisdischarg.

7.1.2.11 Thetopelevationofthegatepier,thebreastwallorthequaywallofthespillwayshallnot
belowerthanthecheckfloodlevelplusthefreeboardvaluewhenthecheckfloodisdischarged;and
thecrestelevationshallnotbelowerthanthedesignfloodlevelorthenormalreservoirlevelplus
thecalculatedheightofthewaveandthefreeboardvaluewhenthewaterisblocked.Whenthespill-
wayisclosetothedamabutment,thetopelevationofthecontrolsectionshallbeconsistentwith
thedamcrestelevation.

7.1.2.12 Thelayoutofthelongitudinalgradient,theplaneandthecross-sectionofthedischarge
chuteshallbedeterminedthrougheconomicandtechnicalcomparisoninaccordancewiththetopo-
graphicalandgeologicalconditionsandthehydraulicconditions.Whensettingthebendontheplane
ofthedischargechute,thefollowingrequirementsshouldbemet.

a) Theflowvelocitydistributionshallbeuniforminthecross-section.

b) Theshockwavehaslittleinfluenceontheflowdisturbance.

c) Thegentletransitionsectionmaybearrangedbetweenthestraightsectionandthebendsection.

d) Thetransversegradientshouldbearrangedatthechannelbottominthebendandthegentle
transitionsections.

e) Thebendradiusoftherectangularcross-sectionbendshouldbe6to10timesthedischargechute
width;withregardtothedischargechutewithalargedischargingcapacityandhighflowveloci-
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ty,thebendparametershouldbedeterminedthroughthehydraulicmodeltest.

f) Thelongitudinalgradientofthedischargechuteshouldbegreaterthanthecriticalslopeofthe
waterflow;whenthegradientneedstochangeduetotherestrictions,thelongitudinalgradient
changeshouldnotbeexcessive,anditshouldchangefromgentletosteep.

g) Thedischargechuteshouldemployarectangularcross-section.Whenthetrapezoidalcross-sec-
tionisusedincombinationwiththerockexcavation,thegradientofthesideslopeshouldnot
belessthan1∶1.5,andattentionshallbepaidtotheunevenflowvelocitycausedthereby.

7.1.2.13 Thetypeofenergydissipationandanti-scourfacilitiesofthespillwayshallbeselected
throughtechnicalandeconomiccomparisoninaccordancewiththetopographicalandgeologicalcon-
ditions,dischargeconditions,operationmode,downstreamwaterdepth,anti-scourcapacityofthe
riverbed,energydissipationandanti-scourrequirements,connectiontodownstream waterflow
andinfluenceonotherstructures.Theriversideoverflowspillwaymayemploytheenergydissipation
bytrajectoryjetschemeortheenergydissipationbyunderflowscheme,andthefaceflow,bucket
floworotherenergydissipationschemesmaybeadoptedaswell.

7.1.2.14 Theenergydissipationbythetrajectoryjetschememaybeusedforprojectsonrockfoun-
dationwithhighormediumwaterheads;thefliptrajectorybucketfacilityforthespillwaymayem-
ploytheequivalentwidthtype,diffusiontypeorcontractiontype.Theflipbucketsmaybecontinu-
ous,differentialorofabnormalshapes.Whenenergydissipationbytrajectoryjetschemeisused,
theinfluencesoftheatomizationofjetflowandthemudmistoftheheavilysedimentladenriveron
thesafetyandnormaloperationofotherstructuresoftheprojectandthebankslopesshallbeseri-
ouslyconsidered.Inthefollowingcases,thepropermeasuresshallbeimplementedfortreatment.

a) Theweakstructuralsurfacewiththelow-angledipandfaultfracturezonesextendingtothe
downstreamofthefoundation,whichmaybecutoffbythescouringpit,endangeringthe
safetyofthestructures.

b) Thebankslopesmaybedestroyed,endangeringthestabilityofdamabutmentorblockingthe
outletchannelordownstreamriverchannel.

c) Thedownstreamsurgeandbackflowendangerthesafetyandnormaloperationofthedamand
otherstructures.

7.1.2.15 Bottomflowenergydissipationmaybeusedforallkindsoffoundationsortheprojects
withstrictrequirementsforflowregime.Bottomflowenergydissipationfacilitiesmayincludestill-
ingbasinswithaflatbottomorslope,diffusion-typedistillingbasinandcontraction-typedistilling
basinaswellasallkindsofauxiliaryenergydissipaters.Whennecessary,themulti-stagestillingba-
sinmaybearranged,andattentionshallbepaidtothesedimentabrasionproblem.

7.1.2.16 Surfaceflowenergydissipationmaybeusedfortheprojectwherethedownstreamtailwa-
terlevelishigherthanthewaterdepthafterthejumpandthewaterlevelvariationisnotgreat,and
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theriverbedandbothbankshaverelativelyhighanti-scourcapacitywithinacertainscope,orwhere
icedischargeisrequired.

7.1.2.17 Thebucketorbucket-typeenergydissipatermaybeusedfortheprojectswherethedown-
streamwaterdepthisgreaterthanthewaterdepthafterthejump,thedownstreamriverbedand
bothbankshaveacertainanti-scourcapacity,butitshouldnotbeusedwhenitisrequiredtodis-
chargedebris.Thedividingwallshouldbearrangeddownstream.

7.1.2.18 Whenthewaterdischargedfromthespillwaycouldnotbedirectlydischargedintothe
riverchannelafterenergydissipationandcausesdamages,theoutletchannelshallbearranged.The
selectionoftheoutletchannelrouteshallbeeconomicalandreasonable,anditsaxisdirectionshall
conformtothedownstreamriverregime.Thewidthoftheoutletchannelshallpreventthewater
flowfromconcentratingexcessively,andavoidtheharmfulscouroftherefractiveflowontheriver
banks.

7.1.3 Hydraulicdesign

7.1.3.1 Thehydraulicdesignforthespillwayshouldincludethecalculationofthedischarge
capacity,shapedesignoftheflowboundary,calculationofthewatersurfaceprofileandhydraulic
gradeline,hydrauliccalculationofthebend,hydrauliccalculationoftheenergydissipationandanti-
scourandcavitationresistancedesignforthehigh-speedflowarea.Thehydraulicdesignofthespill-
wayshallmeetthefollowingrequirements.

a) Thedischargecapacityshallsatisfythedischargeflowrequiredunderthedesignandcheckcon-
ditions.

b) Theshapeshallbereasonableandsimple,thewaterflowshallbesmoothandstable,andthe
cavitationshallbeavoided.

c) Thedischargedwaterflowregimeandthewaterflowshallmeettherequirementsofscouring
andsiltingontheriverbed.

7.1.3.2 Thehydraulicdesignoftheinletchannelshallmakethewaterflowinthechannelsmooth
andstable,thewaterlevelfluctuationandthetransversewatersurfacegradientshallbeslightand
thebackflowandvortexshallbeavoided.

7.1.3.3 Thedesigndischargevelocityintheinletchannelshallbegreaterthanthenon-siltingveloci-
tyofthesuspendedloadbutlessthanthenon-scouringvelocityofthechannel,andtheheadloss
shallberelativelysmall.Thedesigndischargevelocityofthechannelshouldbe3m/sto5m/s.

7.1.3.4 Thechannelwatersurfacecurvemaybecalculatedwiththestepwisesummationprocess
methodinaccordancewiththeenergyequationestablishedonthebasisofthecontrolsectionfrom
theheadofthediversionchanneltothe3to5timestheweirheadinfrontoftheweir.
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7.1.3.5 Withregardtoopen-typepracticalweirs(includingforwardweirandsideweir),thedown-
streamweirsurfaceoftheweircrestshouldbecalculatedaccordingtoWEStypepowercurve,and
theupstream weirheadoftheweircrestshouldbecalculatedbyusingbi-arc,tri-arcorelliptical
curves.

7.1.3.6 Whenthelowpracticalweirisselected,theupstreamweirheightshouldbeP1≥0.3Hdand
thedownstreamweirheightshouldbeP2≥0.6Hd,whereHdreferstotheestablisheddesignheadof
theweirsurfacecurve.Theweirsurfacecurveissubsequentlyconnectedtoastraightsection,and
thegradientshouldbegreaterthan1∶1.

7.1.3.7 WhentheratioofthemaximumheadabovetheweircresttotheorificeheightHmax/D>2,
orthegateisfullyopenedbutwaterdischargeisstillregardedasorificedischarge,thecurveofthe
weirsurfacedownstreamoftheorificeshouldemploytheparabolaform.Thebottomedgeofthe
breastwallmayemploytheellipse,arcorothertypes.

7.1.3.8 Withregardtothelowweirwiththeweirheightlessthan3m,thebroad-crestedweiror
thehumpweirmaybeadopted.

7.1.3.9 Theweirsurfacepressurenearthepracticalweircrestshallcomplywiththefollowingpro-
visions:

a) Thenegativepressureshallnotoccurontheweirsurfacewhenthegateisfullyopenforfre-
quentflooding.

b) Thenegativepressurevalueneartheweircrestshallnotbemorethan0.03MPawhenthedesign
floodgateisfullyopen.

c) Thenegativepressurevalueneartheweircrestshallnotbemorethan0.06MPawhenthecheck
floodgateisfullyopen.

7.1.3.10 TheradiusRoftheanti-arcconnectedbetweentheendofthepracticalweirandthedis-
chargechutemaybe3to6timesthemaximumwaterdepthatthelowestpointoftheanti-arc,and
thelargervalueshouldbeselectedwhentheflowvelocityishigh.

7.1.3.11 Thewatersurfaceprofileofthedischargechutesectionshallbecalculatedwiththestep-
wisesummationprocessmethodinaccordancewiththeenergyequation.Inthecalculation,the
initialcalculationsectionanditswaterdepthshallbeproperlydetermined.

7.1.3.12 Whenthewaterflowfromthedischargechuteisaerated,thewaterdepthafterflowaera-
tionshallbeconsidered.

7.1.3.13 Whenthecontractionsectionislaidoutinthedischargechutesection,theshockwave
calculationmaynotbeconductediftheangleofthroatislessthan6°.Otherwise,theshockwaveof
rapidflowshallbeverified.
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7.1.3.14 Whenthedischargechutecontainsthebendontheplane,thetransversewaterlevel
differenceonthebendsectionshallbecalculated.

7.1.3.15 Thehydraulicdesignofthesidechannelsectioninthesidespillwayshallmeetthefollow-
ingrequirements.

a) Thebottomslopeiofthesidechannelshallemploythesingleslope,andshallbesmallerthan
thecriticalslopeikecalculatedaccordingtothecriticalwaterdepthhkeatthetailendsectionof
thesidechannel.Whenthedesignflowisdrained,theflowinthechannelshallbeslow.

b) Theheighthsofthewaterdepthattheheadendsectionofthesidechannelabovetheweir
crestshallbelessthanhalfoftheweirheadHotoensurethatthedischargeinthesidechannelis
notsubmerged.

c) Theratioofthebottomwidthattheheadandtailendsectionsofthesidechannel,bu/be,may
be0.5to1.0.

d) Thehydraulicjumpshallnotoccurinthesidechannelnoratthechannelendsection;theadjust-
mentsectionshouldbearrangedattheendofthechannel,butshouldnotbeadjacenttothe
contractionsectionorthebendsection.ThelengthoftheadjustmentsectionL2maybe(2to3)

hkeandthebottomslopeshouldbehorizontal.Theheightdoftherisingsillatthetailmaybe
0.1to0.2timesthecriticalwaterdepthhkattheheadendsectionofthedischargechute.

e) Thetransversewatersurfacedifferenceinthesidechannelsectionshallbelimitedwithinacer-
tainscope;therun-upofthewatersurfaceclosetothehill,Δh,shouldbe10%to25%ofthe
averagewaterdepthh.

7.1.3.16 Curvedconnectionshallbeusedforthebottomslopechangeofthedischargesection.

● Ifthebottomslopevariesfromgentletosteep,aparabolaconnectionmaybeadopted.

● Ifthebottomslopevariesfromsteeptogentle,anarcconnectionmaybeadopted;thearc
radiusRmaybe3to6timesthewaterdepthhatthesectionwithgradientchanges,andthelar-
gervalueshouldbeselectediftheflowvelocityishigh.

● Iftheairentrainmentfacilitiesusedforalleviatingcavitationarearrangedinthedischargechute
section,withintheirprotectionscope,theconnection modeattheposition withgradient
changesmaynotbelimitedbytheaboveprovisions.

7.1.3.17 Theheightofthesidewallofthedischargechutesectionshallbebasedonthewatersur-
facelineaftertakingintoaccountthefluctuationandaerationplusafreeboardof0.5mto1.5m.For
thepartswithcomplexhydraulicconditionssuchasthecontraction(diffusion)section,andthe
bendsection,alargevalueshouldbeadopted.
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7.1.3.18 Aseriesofcalculationsshallbecarriedoutfordifferentflowratesinthehydraulicdesign
oftrajectorybucketenergydissipation.Thesafetyjettrajectorylength,thewidthofthewaterjet
intowaterandthemaximumallowablescourdepthshallbedeterminedunderthepremisesofnotin-
fluencingthestabilityofthebucketlipfoundationandthebankslopesonbothsides,andofensuring
thesafetyoftheadjacentstructures.Theupstreamslopeofthescourpitshallbedeterminedaccord-
ingtothegeologicalconditions,andshouldbeintherangeof1∶3to1∶6.Meanwhile,thescouring
bythewallpressingflowandthedropflowaswellastheprotectivemeasuresshallbetakenintoac-
count.

7.1.3.19 TheradiusRoftheanti-arcinthedeflectingbucketsectionmaybe6to12timesthemaxi-
mumwaterdepthhatthelowestpointoftheanti-arc;theradiusoftheanti-arcshouldemploythe
largervalueifthebottomslopeofthedischargechuteisrelativelysteep,theflowvelocityandunit
dischargeintheanti-arcsectionarerelativelyhigh.

7.1.3.20 Thejetangleofthedeflectingbucketmaybe15°to35°.Whenadifferentialtypeofdeflec-
tingbucketisused,theradiusoftheanti-arc,thewidthratioofthehigh/lowbucketlips,theeleva-
tiondifferenceandthejetangledifferenceshallbereasonablyselected.

7.1.3.21 Theelevationofthedeflectingbucketshallensurethatfreedeflectingflowcanbeformed,
whichmaybeslightlylowerthanthemaximumdownstreamwaterlevel.

7.1.3.22 Thehydraulicdesignofbottomflowenergydissipationshallmeetthefollowingrequire-
ments.

a) Itisnecessarytoformastablehydraulicjumpoflowsubmergenceratiointhestillingbasin,and
toavoidbackflowonbothsides.

b) Thestillingbasinshouldbearectangularcross-sectionofequalwidth.

c) Whenthemeanflowvelocityofthepre-jumpisgreaterthan16m/sto18m/s,theauxiliaryen-
ergydissipaterssuchasthechutesillblockandthebaffleblockshouldnotbearrangedinthe
pool.

7.1.3.23 Inthehydraulicdesignofbottomflowenergydissipation,theflowrateatvariouslevels
shallbecalculatedtodeterminetheelevationofthebasinbottom,thelengthofthebasinandthe
layoutofthetailsill.Theheightofthesidewallsonbothsidesofthestillingbasinmaybedeter-
minedaccordingtothewaterdepthafterthejumpandtheappropriatefreeboard.Whentheoutlet
flowvelocityofthestillingbasinexceedstheallowableanti-scourflowrateofthebedrock,orthe
downstreamriverbedofthestillingbasinisnotrockfoundation,protectivemeasuresincludinganti-
scourkeywall,apronandanti-scourtrenchshallbetaken.

7.1.3.24 Thewaterflowoftheoutletchannelshallbesmoothandstable,andshallnotcauseero-
siondamage.
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7.1.3.25 Attentionshallbepaidtothecavitationresistancedesignofthespillway.Forpositions
andregionspronetocavitationcorrosion,thefollowingcavitationresistancemeasuresmaybeim-
plemented.

a) Selectareasonableshape.

b) Controlthepartialunevennessofthewallsurfaceattheboundaryofthewaterflow,including
thejointstaggering,platemark,rebarends,unevennessofconcretesurfaceaswellasother
surfaceirregularitiesandthedropsillleftoverfromconcreteconstruction.

c) Whentheflowvelocityexceeds35m/s,aerationcorrosionreductionfacilitiesshallbesetup.

d) Selectreasonableoperationmodes.

e) Adoptthematerialswithgoodcavitationresistance.

7.1.3.26 Onriverswithheavysediment,thecombinedeffectofsand-carryingflowontheside
wallsshallbeconsideredsimultaneously.Thematerialswithgoodcavitationresistanceandabrasion
resistanceshouldbeselected.Whentheaerationcorrosionreductionfacilitiestoareadopted,the
sedimentabrasionandsiltingproblemsshallbedemonstrated.

7.1.4 Designofthestructures

7.1.4.1 Theinfluenceoftemperaturestressontheconcretestructureofspillwayshallbeconsid-
ered,andthenecessarystructuralmeasuresandconstructionmeasuresshallbeimplementedinac-
cordancewiththelocalclimaticconditions,structuralfeaturesandfoundationrestraints.

7.1.4.2 Thebottomoftheintakechannelonthebedrockmaynotbelined.Whenliningisneededfor
thebottomofthechannel,concreteshield,slurryblockstoneordryblockstonemaybeused.

7.1.4.3 Thethicknessofthebottomliningmaybedeterminedaccordingtothestructuralrequire-
ments.Thethicknessoftheconcreteliningmaybe300mm;theanti-seepageandanti-floatingstabil-
ityshallbeverifiedwhennecessary.

7.1.4.4 Thestructureofthecontrolweir(sluice)maybeseparatedorintegrated.Separatedstruc-
tureappliestothefoundationwithrelativelyhomogeneouslithology,whiletheintegralstructureap-
pliestothefoundationwithpoorhomogeneous.Thetransversejoints(alongtheflowdirection)on
theseparatedfloormaybeofthevertical,step,tiltingorkeygroovetypesaccordingtothestress
transferrequirements.Thewaterstopfacilitiesshallbearrangedinthestructuraljointswithinthe
scopeofthecontrolsection.Separatedbottomplateshallcheckitsanti-floatingstability,anddrain-
ageoranchoringmeasuresshallbetakenwhennecessary.

7.1.4.5 Thethicknessofthedischargechutefloorshallnotbelessthan0.3m.Necessaryengineer-
ing measuresincludinganti-seepage,drainage,waterstopandanchoring maybetaken.The
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structuraljointsshallbearrangedonthedischargechutefloor,andtheirpositionsshallmeetthere-
quirementsofstructurallayout.Thespacingbetweenlongitudinal/transversejointsmaybe10mto
15mandthewaterstopshouldbearrangedforthejoints.

7.1.4.6 Thelongitudinalandtransversejointsonthedischargechutefloormayemployflatjoints.
Whenthefoundationisobviouslyuneven,thetransversejointsshouldemployasemi-lappedjoint,
full-lappedjointorkeygroovejoint.Withregardtothedischargechuteflooronwhichunevensettle-
mentmightoccurorwhichisnotequippedwithanchorbars,thekeygrooveshouldbearrangedon
theupstreamendoftheblock,andfull-lappedtransversejointsontheupstream/downstreamblocks
shouldbeadopted.

7.1.4.7 Thestructuraljointsverticaltotheflowdirectionshouldnotbearrangedinthedeflecting
bucket.

7.1.4.8 Fortheapronofthestillingbasin,theanti-floatingstabilityshallbereviewed.Whenthe
apronisequippedwithanchorbars,theanchorbarsshallbeextendedupwardsandconnectedtothe
protectiveshieldsurfacesteelmesh.

7.1.4.9 Thespacingoftheapronsshouldbesametothatofthedischargechutefloor.Thewater-
stopstripsshouldbearrangedinthejoints.Thejointsverticaltotheflowdirectionshouldbesemi-
lappedjointsorkeygroovejoints;thejointsalongtheflowdirectionshouldbekeygroovejoints.

7.1.4.10 Thestructuraljointsshouldbearrangedfortheguidewall,sidewallorsidewallalongthe
slopefacethatretainssoilordoesnotretainsoilonbothsidesoftheintakechannel,controlsec-
tion,dischargechute,deflectingbucketandthestillingbasinofthespillwaytoseparatethemfrom
thefloor.Forthesidewalldesign,theanti-slipstability,basenormalstressandbaseresultantforce
eccentricdistanceshallbeverified,anditsanti-overturningstabilityshallalsobeverifiedwhennec-
essary.

7.1.4.11 Whenthegeologicalconditionsarerelativelypoorintheoutletregionoftheenergydissi-
pationfacilities,anti-scouringkeywall,wingwall,auxiliaryweir,apronoranti-scourtrenchmaybe
arrangedaccordingtothetypeofenergydissipation.

7.1.5 Foundationtreatmentdesign

7.1.5.1 Thefoundationtreatmentdesignforthespillwayshallcomplywiththerequirementsforva-
riouspositionsonbearingcapacity,anti-slidestability,foundationdeformation,seepagecontrol,
anti-scouranddurabilityincombinationwiththestructureandoperationalfeaturesofthestructures.

7.1.5.2 Thefoundationofimportantpositionsofthespillwayshouldbeexcavatedtotheslightly-
weatheredmiddleparttoupperpartoftherockstratum.Unlineddrainsshallbeexcavatedtothe
hardandintegralfresh orslightly-weatheredrockstratum.Forbedrock whichiseasyto be
weatheredandmudded,correspondingconstructionprotectionmeasuresshallbeproposed.
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7.1.5.3 Withregardtothefoundationwithpoorrockstratum,thereinforcementmeasuresmaybe
takentoimprovethefoundationconditions,andtheexcavationdepthshallbedeterminedthrough
technicalandeconomiccomparison.

7.1.5.4 Theshapeofthefoundationpitforthestructuresshallbedeterminedinaccordancewith
thegeologicalandtopographicalconditionsaswellastherequirementsoftheupperstructures,and
theexcavationfaceshouldbecontinuousandsmooth.Thefoundationpitinthecontrolsection
shouldtiltslightlytotheupstreamside,andmaybeexcavatedintoastepshapewithanobtusean-
gleifitislimitedbythegeologicalandtopographicalconditions,theheightdifferenceistoogreator
ittiltsslightlytothedownstreamside.

7.1.5.5 Theconsolidationgroutingscopeanddepthofthespillwayfoundationshallbedetermined
inaccordancewiththedegreeofrockfragmentation,weatheringdepth,fracturesizeandfoundation
stress.Theconsolidationgroutingshouldbeperformedaftertheconcretepouring.

7.1.5.6 Thelayoutoftheanti-seepageanddrainagefacilitiesforthespillwayfoundationshallmeet
thefollowingrequirements.

a) Reducetheseepageandbypassseepagefromtheweir(sluice)foundation.

b) Preventseepagefailureintheweakintercalatedlayer,faultfracturezone,weakfillingofrock
massfissuresandotherfoundationswithpooranti-seepagedeformationperformance.

c) Reducetheupliftpressureofthestructurebase.

d) Beofreliablecontinuityandsufficientdurability.

e) Theanti-seepagecurtainshallnotbearrangedinthetensilestressregionofthestructure
bottomsurface.

f) Intheseverecoldregion,thedrainagefacilitiesshallbeprotectedfromiceandfreezingfailure.

7.1.5.7 Thecementgroutingcurtainshouldbeusedasanti-seepagemeasuresfortheweir(sluice)

foundationanditsbanks,oraconcretekeywall,cut-offwall,horizontalanti-seepageplateorany
combinationthereofmaybeadoptedaccordingtotheconditions.Thecurtaingroutingshallbetested
whennecessary.

7.1.5.8 Thescopeanddepthoftheanti-seepagecurtaininthecontrolsectionshallcomplywiththe
followingprovisions:

a) Whenthereisanobviousrelativewaterprooflayerunderthefoundation,thegeneralcurtain
shallbeextended2mto3mintothewaterprooflayer.Thecontrolstandardofthepermeability
oftherelativewaterprooflayershouldbelessthan5Lu.
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b) Whentheburialdepthoftherelativewaterprooflayerofthefoundationisrelativelysmallorits
distributionisirregular,thepositionofthecurtainmaybeselectedwithinthemaximumwater
depthscopegreaterthan0.3to0.7timestheweir(sluice)foundationsurface.Whenthereisa
fracturezonewithstrongpermeability,thedepthandthicknessshallbeincreasedappropriately.

c) Thescope,depthandorientationoftheanti-seepagecurtainextendedintothebankslopeshall
bedeterminedinaccordancewiththehydrogeologicalandengineeringgeologicalconditions;and
theanti-seepagecurtainshouldbeextendedtotheintersectionbetweenthenormalreservoir
levelandtherangelineoftherelativeconfiningbed(orundergroundwaterlinebeforewater
filling).

d) Thecurtainofthespillwaynearthedamabutmentshallbeconnectedtothecurtainofthedam
toformanintegralanti-seepagesystem.

7.1.5.9 Thecurtaingroutingholesshouldbearrangedinonerow;inthesectionwithrelativelypoor

geologicalconditions,brokenrockmass,developedfracturesorpossibleseepagedeformation,the

groutingholesmaybearrangedintworows,andarrangedalternatelywiththefirstrowofgrouting
holes.Thespacingbetweenholesforthecurtaingroutingmaybe1.5mto3.0m,andthedistance
betweenrowsshouldbeslightlysmallerthantheholespacing.Thedrillingdirectionofthecurtain
shouldbeverticalorslightlyinclinedtowardtheupstreamside;theholesshallbedrilledthroughthe
beddingplaneoftherockmassandmainfracture,butshouldnotbeinclinedtowardthedownstream
side.

7.1.5.10 Curtaingroutingshallbeperformedafterconcretecoverweightwithacertainthickness
andconsolidationgrouting.Thegroutingpressuremaybedeterminedthroughtest,andshouldnot
belessthan0.2MPato0.5MPaforthesurfacesectionofcurtainholes,shouldnotbelessthan
0.4MPato0.8MPaforthebottomsectionofcurtainholes,undertheprinciplethattherockmassis
notlifted.

7.1.5.11 Thedrainagefacilitiesbeneaththedischargechutefloorshallbelaidoutaccordingtothe
specificconditions.

a) Thelongitudinalandtransversedischargeditches(pipes)shouldbearrangedbeneaththedis-
chargechutefloor,toformaninter-connectedditch(pipe)networksystem.

b) Thecontinuousdrainageblanketorthecombinationofadrainageblanketandadrainageditch
(pipe)maybesetintheareawheretheweakrockfoundation,bottomfloorupliftpressureis
toolargeortheanchorbarsareinconvenienttobeset.

c) Thespacingbetweentransverse/longitudinaldrainageditches(pipes)shouldcorrespondtothe
longitudinal/transversejointsonthefloor,butthedrainageditches(pipes)shouldnotbear-
rangedacrossthejoints.
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7.2 Sluice

7.2.1 Generalprovisions

7.2.1.1 Thesluicechambermayemploytheopen-type,breastwall,culvert-typeordouble-deck
structuralaccordingtothedischargingfeaturesandoperationalrequirements.Thegravitycentreof
theentiresluicechamberstructureshallbeascloseaspossibletothecentreofthesluicechamber
floor,andinclinedtothesidewiththehigherwaterlevel.Theprinciplesofselectionshallbeasfol-
lows.

a) Withregardtothesluicewitharelativelyhighelevationofsluicesillandrelativelylow water
retainingheight,theopen-typestructuremaybeadopted.

b) Withregardtothesluicewithrelativelylowelevationofsluicesillandhighwaterretaining
height,thebreastwallorculvert-typestructuremaybeadopted.Thesettlementjointshallnot
beprovidedwithintheculvert-typesluicechamber.

7.2.1.2 Thesluicestructureselectionandlayoutonthesoftfoundationshallmeetthefollowingre-
quirements.

a) Thesluicechambershallbewell-balanced,lightinweight,strongintegrityandhighinstiffness.

b) Thefoundationpressuredifferencebetweentheadjacentsectionsshallbesmall.

c) Thewaterstoptypesandmaterialstobeselectedshouldbedurableandadaptivetorelatively
significantdeformation.

d) Thelengthandburialdepthofthefloorshallbeincreasedappropriately.

7.2.1.3 Thestructureselectionandlayoutofthesluiceonthefrost-heavefoundationshallmeetthe
followingrequirements.

a) Thestructureofthesluicechambershallhasstrongintegrityandhighstiffness.

b) Withregardtothesluiceonthefrost-heavefoundation,itsburialdepthofthefoundationshall
notbelessthanthedesignfrostdepthofthefoundation.

c) Underthepremiseofmeetingtherequirementsforthebearingcapacityoffoundationsoil,the
contactareabetweenthesluicechamberbottomandthefrost-heavesoilshallbereduced.

d) Underthepremiseofmeetingtherequirementsforanti-seepage,anti-scouringandflowjoint
conditions,theinletandoutletlengthshallbeshortened.
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e) Theblocksizeofthebottomstructuresincludingthesluiceblanketandthestillingbasinfloor
exposedinwintershallbereducedappropriately.

7.2.1.4 Thestructureselectionandlayoutofthesluiceinearthquakeregionsshallmeetthefollow-
ingrequirements.

a) Thesluicechambershallbewell-balanced,lightinweight,stronginintegrityandhighinstiff-
ness.

b) Theheightoftheservicebridgebentframeshallbelowered,thetopweightshallbereduced
andtheshearconnectionbetweenthebentframecolumnandthegatepier/bridgedeckstruc-
ture.

c) Thejointsshallbearrangedonthegatepier,andthewaterstoptypesandmaterialstobeused
shouldbedurableandadaptivetorelativelysignificantdeformation.

d) Theconnectionbetweenthefoundationandthesluicechamberfloorshallbereinforced,andef-
fectiveanti-seepagemeasuresshallbetaken.

e) Thefillingdepthbehindthesidepier(quaywall)shallbeappropriatelyloweredtoreducethe
additionalload.

f) Concretestructureshallbeadoptedforupstreamanti-seepageblanket,andappropriaterein-
forcementshouldbedistributed.

7.2.2 Layoutofthesluicechamber

7.2.2.1 Thestructureofopen-typesluicechambermaybeintegratedorseparatedaccordingtothe
foundationconditionsandstresssituation.Separatedtypeshouldnotbeusedforculvert-typesluice
chamberstructure.

7.2.2.2 Thetopelevationofthesluiceshallbedeterminedaccordingtothetwooperationalmodes
ofwaterretainingandwaterdischarging.

a) Incaseofwaterretaining,thesluicetopelevationshallnotbelowerthanthesumofthenormal
reservoirlevel(orthemaximumwaterretaininglevel)ofthesluiceplusthecalculatedheightof
thewaveandthecorrespondingfreeboard.

b) Incaseofwaterdischarging,thesluicetopelevationshallnotbelowerthanthesumofthede-
signfloodlevel(orthecheckfloodlevel)andthecorrespondingfreeboardheight.

7.2.2.3 Thesluicesillelevationshallbedeterminedbytechnicalandeconomiccomparisoninac-
cordancewiththeriver(channel)bottomelevation,waterflow,sediment,topographyandgeology

001

SHP/TG002-5:2019



aswellastheconstructionandoperationalconditionscombinedwiththeselectedweirtype,sluice
typeandtotalnetwidthofthesluiceorifices.

7.2.2.4 Thetotalnetwidthofthesluiceorificesshallbedeterminedbytechnicalandeconomic
comparisonaccordingtothedischargecharacteristics,geologicalconditionsofthedownstreamriver
bedandtherequirementsofsafedischarge,combinedwiththeselectionofthediameterandthe
numberofsluiceorifices.

7.2.2.5 Thediameterofthesluiceorificeshallbedeterminedbycomprehensiveanalysisinaccord-
ancewiththegatefoundationconditions,operationalrequirementsandgatestructuretype,hoist
capacityaswellasthefabrication,transportationandinstallationofthegate.Whenthereareless
than8sluiceorifices,thenumberoforificesshouldbeoddnumberforoperationsafety.

7.2.2.6 Ingeneral,thesluicechambershouldemployflatfloors;whenthesluiceisonthesoft
foundationandtheloadisrelativelyheavy,thebox-typeflatfloormayalsobeused.

7.2.2.7 Thethicknessofthesluicechamberfloorshallbedeterminedthroughcalculationaccording
tothefoundationconditionsofthesluicechamber,theactingloadsandthewidthofthesluiceori-
ficeandincombinationwiththecompositionrequirements.

7.2.2.8 Thesectionallengthofthesluicechamberstructureverticaltotheflowdirection(i.e.spac-
ingbetweenpermanentjointsalongtheflowdirection)shallbedeterminedaccordingtothefounda-
tionconditionsandstructuralfeaturesofthesluicechamber,andwithconsiderationgiventothe
constructionmethodsandmeasures.

7.2.2.9 Withregardtothesluiceonsolidfoundationorbasedonpiles,thejointsmaybearranged
onthesluicechamberfloororgatepierforsegmentation;withregardtothesluiceontheweak
foundationorintheearthquakeregion,thejointsshouldbearrangedinthemiddlepartofthegate
pierforsegmentation.

7.2.2.10 Thesectionlengthofthesluiceontherockfoundationshouldnotexceed20m,andthe
sectionlengthofthesluiceonthesoilfoundationshouldnotexceed35m.Thepermanentjointsmay
beverticalcut-throughjoints,inclined-lappedjointsorserrated-lappedjoints;thejointwidthmay
be20mmto30mm.

7.2.2.11 Thecontourdesignofthegatepiershallmeettherequirementsofsmoothflowthrough
thesluice,smalllateralcontractionandlargeflowcapacity.Theupstreampierheadmaybemade
semi-circularandthedownstreampierheadinstreamlineform.

7.2.2.12 Thethicknessofthegatepiershallbedeterminedaccordingtothediameterofthesluice
orifice,stress conditions,structuralrequirements and construction methods.The minimum
thicknessshouldnotbelessthan0.4matthegateslotofthegatepieroftheplanegate.
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7.2.2.13 Thegateslotoftheservicegateshallbearrangedinthepositionofthegatepierwithrela-
tivelysmoothflow,anditsbreadth-depthratioshouldbe1.6to1.8.Thenetdistancebetweenthe
bulkheadgateslotandtheservicegateslotshouldnotbelessthan1.5m.

7.2.2.14 Thetypeselectionandlayoutofthegatestructureshallbereasonablydetermined
accordingtoitsstresscondition,controloperationrequirements,fabrication,transportation,instal-
lationandmaintenanceconditions,andincombinationwiththestructurallayoutofthesluicecham-
ber.Thetopofimmersedgateshallbe0.3mto0.5mabovethemaximumpossiblewaterlevel.

a) Forthesluicewitharelativelyhighwaterretainingheightandlargeorificediameter,andthe
waterdischargeistobecontrolledwiththegate,theradialgateshouldbeadopted.

b) Whenthepermanentjointsarearrangedonthesluicechamberfloor,theplanegateshould
beadopted.

c) Ifthesluiceisrequiredtodischargeiceorpassthroughwood,theplanargateordownwardhor-
izontalarchgateshouldbeadopted;thelowerhorizontalarchgateshouldnotbeusedforthe
sluicegateontheriverwithheavysediment.

d) Thebulkheadgateshallemploytheplanegateorstoploggate.

7.2.2.15 Thebeambottomelevationsoftheservicebridge,maintenancebridgeandaccessbridge
shallbeatleast0.5mhigherthanthemaximumfloodlevel;ifthereisfloatingice,theelevation
shallbe0.2mhigherthanthefloatingicesurface.

7.2.3 Anti-seepageanddrainagelayout

7.2.3.1 Theanti-seepageanddrainagelayoutofthesluiceshallbedeterminedbycomprehensive
analysisaccordingtothegeologicalconditionsofthesluicefoundationandthedifferencebetween
upstreamanddownstreamwaterlevels,combinedwiththelayoutofthesluicechamber,energydis-
sipationandanti-scourandtheconnectionstobothbanks.

7.2.3.2 Thecontourlineofthesluicefoundationonthehomogeneoussoilfoundationshallbedeter-
minedthroughreasonablearrangementaccordingtotheselectedanti-seepageanddrainagefacilities.
Thepreliminaryanti-seepagelengthofthesluicefoundationshallmeettherequirementsofFormula
(20).

L=CΔH …………………………(20)

where

L istheanti-seepagelengthofthesluicefoundation,i.e.thesumofthelengthofthehorizontal
sectionandtheverticalsectionoftheanti-seepagepartsinthecontourlineofthesluicefounda-
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tion,inm;

ΔHisthedifferencebetweentheupstreamanddownstreamwaterlevels,inm;

C istheAllowableseepagepathcoefficient.

7.2.3.3 Whenthesluicefoundationisofmediumloam,lightloamorheavysandyloam,therein-
forcedconcreteorclayblankets,orthegeomembraneanti-seepageblanketsshallbearrangedup-
streamofthesluicechamber;thefilterlayershallbearrangedatthebottomofthedownstream
apronofthesluicechamber.Thepermeabilitycoefficientfortheclayblanketshallbeatleast
100timeslessthanthatofthefoundationsoil.

7.2.3.4 Whenthesluicefoundationisarelativelythinloamlayer,anditsunderlyingstratumisthick
relativetotheconfiningbed,theanti-seepageandanti-floatingstabilityoftheoverlyingsoilshallbe
verified.Whennecessary,thedrainagewellordrainageditchdeepintotherelativeconfiningbed
maybearrangedonthedownstreamsideofthesluicechamber,andcloggingpreventionmeasures
shallbetaken.

7.2.3.5 Whenthesluicefoundationissilt,silty-finesand,lightsandyloamorlightsiltysandy
loam,theblanketshouldbecombinedwiththeverticalanti-seepagebodies(reinforcedconcrete
slab,cementmortarcurtain,highpressurejetgroutingcurtain,concretecut-offwallandgeomem-
braneverticalanti-seepagestructure)fortheupstreamofthesluicechamberandtheverticalanti-
seepagebodiesshouldbelaidoutontheupstreamofthesluicechamberfloor.Onthesilty-finesand
foundationintheearthquakeregion,theverticalanti-seepagebodiesbeneaththesluicechamber
floorshouldformanenclosedstructure.Withregardtothesilt,silty-finesand,lightsandyloamor
lightsiltysandyloamfoundation,theaveragegradientoftheseepageandtheexitgradientshallbe
lessthantheallowablevalues,andthefilteringlayerwithgoodgradingshallbearrangedattheseep-
ageexit(includingthelateralseepageexistsonbothbanks).

7.2.3.6 Whenthesluicefoundationisarelativelythinsandysoillayerorsand-gravellayer,andthe
underlyingstratumisathickrelativeconfiningbed,cut-offtrenchorcut-offwallshouldbearranged
ontheupstreamofthesluicechamberfloor,andthefilterlayershallbearrangedatthedownstream
seepageexitfromthesluicechamber.Thedepthofthecut-offtrenchandcut-offwallembeddedin
therelativeconfiningbedshallnotbelessthan1.0m.Whenthesand-gravellayerofthesluicefoun-
dationisrelativelythick,thecombinationoftheblanketandthesuspendedcut-offwallmaybe
adoptedontheupstreamofthesluicechamber,andthefilterlayershallbearrangedatthedown-
streamseepageexitfromthesluicechamber.Whenthesluicefoundationisasand-gravellayeror
coarsegravelmingledpebblebedwitharelativelylargegrainsize,deepkeywallordeepcut-offwall
shouldbearrangedontheupstreamofthesluicechamberfloor,andthefilterlayershallbearranged
atthedownstreamseepageexitfromthesluicechamber.

7.2.3.7 Whenthesluicefoundationisinterbeddedwiththincohesivesoilandsandysoil,avertical
anti-seepagebodyshallbeaddedatthefrontendoftheblanket;thedrainageditchorshallowdrain-
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agewellshouldbearrangedonthedownstreamofthesluicechamberandthecloggingprevention
measuresshallbetaken.

7.2.3.8 Whenthesluicefoundationisarockfoundation,cementgroutingcurtainmaybearranged
attheupstreamendofthesluicechamberflooraccordingtotheanti-seepagerequirements.

7.2.3.9 Thekeywallsshouldbearrangedontheupstreamanddownstreamendsofthesluicecham-
berfloorandthedepthofthekeywallsmaybe0.5mto1.5m.

7.2.3.10 Thelengthoftheblanketmaybedeterminedaccordingtotheanti-seepagerequirementsof
thesluicefoundation,andshouldusuallybe3to5timesofthemaximumdifferencebetweenup-
streamanddownstreamwaterlevels.

a) Theminimumthicknessoftheconcreteorreinforcedconcreteblanketsshouldnotbelessthan
0.4m,thespacingbetweenthepermanentjointsalongtheflowdirectionmaybe8mto20m,

thespacingbetweenjointsontheblanketclosetothewingwallshouldemploythesmallervalue
andthejointwidthmaybe20mmto30mm.

b) Thethicknessoftheclayorloamblanketshallbedeterminedthroughcalculationinaccordance
withthepermissiblehydraulicgradientoftheblanketingsoilmaterial.Theminimumthicknessof
itsfrontendshouldnotbelessthan0.6m,andthethicknessshouldbeincreasedgraduallyinthe
directionofthesluicechamber.Theprotectivelayershallbearrangedontheblanket.

c) Thethicknessoftheanti-seepagegeomembraneshallbedeterminedinaccordancewiththeact-
inghead,thewidthofthepossiblefractureofthesoilmassbeneaththemembraneaswellas
thestrainandstrengthofthemembrane,butshouldnotbelessthan0.5mm.Theprotective
layershallbearrangedonthegeomembrane.

d) Inthecoldandseverecoldregions,thespacingofpermanentjointsshallbeappropriatelyre-
ducedontheconcreteorreinforcedconcreteblanket,thethicknessoftheclayorloamblanket
shallbeincreasedappropriately,andtheblanketshallbekeptfrombeingexposedtotheatmos-

phereinwinter.

7.2.3.11 Theminimumthicknessofthereinforcedconcretesheetpileshouldnotbelessthan0.2m,

thewidthshouldnotbelessthan0.4mandthesheetpilesshallbeconnectedwithtrapezoidtongue-
and-groove.Theminimumthicknessofthecementmortarcurtainorthehighpressurejetgrouting
curtainshouldnotbelessthan0.1mandtheminimumthicknessoftheconcretecut-offwallshould
notbelessthan0.2m.Thethicknessoftheundergroundverticalanti-seepagegeomembraneshould
notbelessthan0.25mm;thecompositegeomembraneshouldbeused,anditsthicknessshouldnot
belessthan0.5mm.

401

SHP/TG002-5:2019



7.2.4 Energydissipationandanti-scourlayout

7.2.4.1 Theunderflowenergydissipationshouldbeusedonthedownstreamsideofthesluice.The
layoutoftheenergydissipationfacilitiesshallmeetthefollowingrequirements.

a) Whenthetailwaterdepthdownstreamthesluiceislessthanthedepthafterthejump,the
down-cuttingstillingbasinmaybeusedforenergydissipation.Thestillingbasinmaybecon-
nectedtothesluicefloorbytheslope;thegradientoftheslopeshouldnotbegreater
than1∶4.

b) Whenthetailwaterdepthdownstreamthesluiceisslightlylessthanthedepthafterthejump,

thebafflesilltypestillingbasinmaybeusedforenergydissipation.

c) Whenthetailwaterdepthdownstreamthesluiceisfarlessthanthedepthafterthejumpand
thecalculateddepthofthestillingbasinisrelativelydeep,thecombinationofthedown-cutting
stillingbasinandthebafflesilltypestillingbasinmaybeusedforenergydissipation.

d) Whenthedifferencebetweentheupstreamanddownstream waterlevelsofthesluiceisrela-
tivelygreat,andthetailwaterdepthisrelativelyshallow,thesecondaryormulti-stagestilling
basinmaybeusedforenergydissipation.

e) Theapronandtheanti-scourtrench(oranti-scourwall)shallbearrangedforthedown-cutting
stillingbasin,bafflesilltypestillingbasinandthecombinationtypestillingbasin.

f) Theauxiliaryenergydissipaterssuchasbafflepiersandbafflebeamsmaybearrangedinthe
stillingbasin.

7.2.4.2 Whenthetailwaterdepthdownstreamthesluiceisrelativelydeep,thevariationis
relativelysmallandtheanti-scourcapacityoftheriverbedandbankslopeisrelativelystrong,the
surface-flowtypeenergydissipationmaybeused.

7.2.4.3 Whentheheadbornebythesluiceisrelativelyhighandthedownstreamriverbedandbank
slopesarehardrockmasses,thedeflecting-flowtypeenergydissipationmaybeused.

7.2.4.4 Withregardtothesluicebuiltontheheavilysedimentrivercarryingrelativelylargegravel,

thestillingbasinshouldnotbearranged;itmaybeconnectedtothedownstreamriverchannel
throughtheanti-scouringandwear-resistingslopingapron,andtheanti-scourwallshallbearranged
attheend.Atthepositionwithhighwaterflowrate,anti-scouringandanti-cavitationmeasuresshall
betaken.

7.2.4.5 Withregardtothelarge-scalesluicewithmultipleorifices,theseparatingpiersortheguide
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wallsmaybearrangedforenergydissipationandanti-scourindifferentzones.

7.2.4.6 Theapronshallbeflexible,water-permeableandroughinsurface;itscompositionandanti-
scouringcapacityshallbeadaptivetothewaterflowvelocity.Thegradientoftheapronshouldbe
equaltoorlessthan1∶10;theanti-scourtrench(oranti-scourwall)shallbearrangedatitsend;

thecushionlayershallbearrangedbeneaththeapron.

7.2.4.7 Theengineeringlayoutoftheupstream/downstreamslopeprotectionandupstreambottom

protectionofthesluiceshallbedeterminedinaccordancewiththeanti-scourtrenchandtheanti-
scourcapacityoftheriverbedsoil.Thelengthoftheslopeprotectionshallbegreaterthanthelength
ofthebottomprotection(apron).Thecushionlayersshallbearrangedbeneaththeslopeprotection
andthebottomprotection.Theanti-scourtrench(oranti-scourwall)shouldalsobearrangedatthe
headendoftheupstreambottomprotectionwhennecessary.

7.2.5 Connectionlayoutoftbothbanks

7.2.5.1 Theconnectionbetweenthetwosidesofthesluiceshallensurethestabilityofthebank
slopes,improvethewaterintake/outletconditionsofthesluice,enhancethedischargecapacityand
energydissipationandanti-scoureffects,satisfythelateralanti-seepagerequirements,reducethe
sideload’sinfluenceonthefloorofthesluicechamberandbefavourableforenvironment.Thelay-
outoftheconnectionbetweentwosidesshallbeadaptivetothelayoutofthesluicechamber.

7.2.5.2 Theconnectionbetweenbothbanksofthesluiceshouldbeoftheuprightwallstructure;

whenthedifferencebetweentheupstreamanddownstream waterlevelsisnotgreat,theslope
structuremayalsobeadopted,butanti-seepage,anti-scourandfrostresistanceshallbeconsidered.
Onthesolidormoderatelysolidfoundation,thequaywallandwingwallmaybeofthegravitytype
orcounterfortstructure;onthesoftfoundation,theempty-boxstructureshouldbeadopted.The
combinationorseparationofquaywallandthesidegatepiershallbedeterminedinaccordancewith
thesluicechamberstructureandthefoundationconditions.

7.2.5.3 Whenthequaywallsarerequiredonbothsidesofthesluicechamber,thequaywallsshould
beseparatedfromthesidegatepiersifthesluicechamberissegmentedbyjointsinthemiddleof

gatepier;thequaywallsmaybeusedconcurrentlyasthesidegatepiersormaybemadeintothe
empty-boxtypeifthesluicechamberissegmentedbyjointsonthesluicefloor.Fornon-opensluice
chamberstructureswithfewersluiceorificesandnopermanentjoint,thesidegatepiersmaybe
usedtosubstituteforthequaywalls.

7.2.5.4 Theupstreamanddownstream wingwallsshouldbesmoothlyconnectedwiththesluice
chamberandthebankslopes.Theplanelayoutoftheupstreamwingwallshouldbeinarcorelliptic
arcform;whiletheplanelayoutofthedownstreamwingwallshouldbeacombinationofarc(orel-
lipticarc)andstraightlineorafoldline.Onthehardcohesivesoilandrockfoundation,theupstream
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anddownstreamwingwallsmaybeconnectedwiththebankslopesbythewarpedsurfaces.

7.2.5.5 Theprojectedlengthoftheupstreamwingwallalongthewaterflowdirectionshallbegrea-
terthanorequaltotheblanketlength.Theaveragedivergenceangleofthedownstream wingwall
shouldbe7°to12°oneachside,anditsprojectedlengthalongthewaterflowdirectionshallbegrea-
terthanorequaltothelengthofthestillingbasin.Accordingtothelateralanti-seepagerequire-
ments,thetopelevationoftheupstreamanddownstreamwingwallsshallbehigherthanthemost
unfavourableoperatingwaterlevelsoftheupstreamanddownstreamsidesrespectively.

7.2.5.6 Thesubsectionlengthofthewingwallshallbedeterminedinaccordancewiththestructure
andfoundationconditions.Thesubsectionlengthofthewingwallonthesolidormedium-solidfoun-
dationmaybe15mto20m;thesubsectionlengthofthewingwallonthesoftfoundationorbackfill
soilmaybeshortenedappropriately.

7.2.6 Hydraulicdesign

7.2.6.1 Thehydraulicdesignofthesluiceshallincludethecalculationoftotalnetwidthofthesluice
orifice,thedesignandcalculationoftheenergydissipationandanti-scourfacilitiesaswellasthe
formulationoftheoperationalmodeofthesluice.

7.2.6.2 Inthehydraulicdesign,itisnecessarytoconsiderthenegativeinfluencesofthepossible
sedimentationorscouringinupstreamanddownstreamriverbedsaswellasthevariationofthe
downsluicestage,afterthesluiceisbuilt,onthedischargecapacityandenergydissipationandanti-
scourfacilities.

7.2.6.3 Theunitdischargefromthesluicelockshallbeselectedinaccordancewiththegeological
conditionsofthedownstreamriverbed,differencebetweentheupstreamanddownstream water
levels,depthofthedownstreamtailwater,ratiooftheoverallwidthofthesluicechambertothe
widthoftheriverchannel,constructionfeaturesofthesluiceanddownstreamenergydissipation
andanti-scourfacilities.

7.2.6.4 Thedifferencebetweentheupstreamanddownstreamwaterlevelsofsluiceshallbeselect-
edthroughcomprehensivecomparisoninaccordancewiththeinfluenceofupstreamsubmerging,

permissibleunitdischargeandconstructioncostofthesluice.Thedifferencebetweentheupstream
anddownstreamwaterlevelsofthesluiceintheplainareamaybe0.1mto0.3m.

7.2.6.5 Theenergydissipationandanti-scourfacilitiesonthedownstreamsideofthesluiceshall
meettherequirementsofdissipatingthekineticenergyanduniformlydiffusingthewaterflowunder
allpossiblehydraulicconditions,andshallbeproperlyconnectedtothedownstreamriverchannel.

7.2.6.6 Fortheunderflowenergydissipationdesign,thehydrauliccalculationshallbeperformedac-
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cordingtothedischargeconditions(particularlytheinitialflowcondition)ofthesluicetodetermine
thedepth,lengthandfloorthicknessofthestillingbasin.

7.2.6.7 Forthesurface-flowenergydissipationdesign,thehydrauliccalculationshallbeperformed
accordingtothedischargeatvariousstagesofthesluiceandthecorrespondingwaterlevelsforpos-
siblecombinationstoselecttheheightofthefalling-sill,elevationangleofthesilltop,anti-arcradi-
usandlengthofthefalling-sill,thrashoutandtopreventtheerosionofthesluicefoundationand
scouringproblemofthedownstreambanks.

7.2.6.8 Fortheenergydissipationdesignbydeflectingflow,thehydrauliccalculationshallbeper-
formedaccordingtothedischargeatvariousstagesofthesluicetoselectthetopelevationofthe
deflectingbucket,theanti-arcradiusandbucketangle,tocalculatethejetdistanceandmaximum
depthofthescouringpitfordischargedflowandthenecessaryprotectivemeasuresshallbetaken.

7.2.6.9 Thelengthoftheapronshallbedeterminedaccordingtothepossibledisadvantageous
waterlevelsandtheflowcombination.

7.2.6.10 Thedepthofthedownstreamanti-scourtrenchshallbecomprehensivelydetermined
throughtheriverbedsoilproperties,unitdischargeofapronendanddownstreamwaterdepth,but
shallnotbelessthanthescouringdepthoftheriverbedattheapronend.

7.2.6.11 Thedepthoftheupstreamanti-scourtrenchshallbecomprehensivelydeterminedthrough
theriverbedsoilproperties,unitdischargeattheheadendoftheupstreambottomprotectionand
upstreamwaterdepth,butshallnotbelessthanthescouringdepthoftheriverbedattheheadend
oftheupstreambottomprotection.

7.2.6.12 Forthecontrolandoperationofthesluice,theopeningandclosingsequenceofthesluice
andthesluiceopeningshallbespecifiedaccordingtothehydraulicdesignorhydraulicmodeltestre-
sultsforthesluicetoavoidanunfavourableflowregimesuchasconcentratedfloworrefractive
flow.Thecontrolandoperationmodeofthesluiceshallmeetthefollowingrequirements.

a) Whendischargingwaterthroughsluiceorifices,thehydraulicjumpshallcompletelyoccurinthe
stillingbasininallcases.

b) Thesluicegatesshouldbeuniformlyopenedandclosedbystagesatthesametime.Iftheycould
notallbeopenedorclosedatthesametime,thesluicemaybeopenedinsectionsorzonesfrom
themiddleorificestobothsides,oropenedandclosedsymmetricallybyeveryotherorifice,

andbeclosedintheoppositesequence.

c) Withregardtothedouble-decksluiceorificesorthedouble-leafsluicelaidoutinlayers,itis
necessarytoopenthebottomsluiceorificesorthelowerleafofthesluicefirst,andthenopen
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thesluiceorificesonthetoplayerortheupperleafofthesluice;whenclosing,performthisin
theoppositesequence.

d) Strictlycontrolthesluiceopeningunderinitialflowconditionsandpreventthesluicefromre-
mainingintheopenareawithrelativelysignificantvibrationwhenreleasingthewater.

e) Whenclosingthesluiceorreducingthesluiceopening,preventthewaterleveloftheriver
channeldownstreamofthesluicefromdroppingtoofast.

7.2.7 Anti-seepageanddrainagedesign

7.2.7.1 Theanti-seepageanddrainagedesignofthesluiceshallbeperformedinaccordancewiththe

geologicalconditionsofthesluicefoundation,thelayoutofthesluicefoundationandthecontourline
onbothsidesaswellastheupstreamanddownstream waterlevelconditions.Itscontentsshallin-
clude:calculationofseepagepressure,verificationofanti-seepagestability,designoffilterlayer,

designofanti-seepagecurtainanddrainageholesanddesignofpermanentjointwaterstop.

7.2.7.2 Theseepagepressureatthesluicefoundationbottomontherockfoundationmaybecalcu-
latedwiththetotalcross-sectionlineardistributionmethod,buttheactionsandeffectsofsetting
anti-seepagecurtainanddrainageholeonthereductionofseepagepressureshallbeconsidered.

7.2.7.3 Theseepagepressureactingonthesluicefoundationbottomlocatedontheearthbasemay
becalculatedwiththeimprovedresistancecoefficientmethodorflownetmethod;withregardto
theimportantsluiceonthecomplexsoilbase,numericalcalculationmethodshallbeused.

7.2.7.4 Whenthepermeabilitycoefficientofthesoillayersbehindthequaywallandthewingwall
islessthanorequaltothatofthefoundationsoil,thelateralseepagepressuremaybeapproximately
calculatedbyadoptingtheforwardseepagepressureatthesluicebottomatthecorrespondingposi-
tions,buttheinfluenceofthewaterlevelvariationinfrontofthewallandtheundergroundwater
rechargebehindthewallshallbetakenintoaccount;whenthepermeabilitycoefficientofthesoil
layersbehindthequaywallandthewingwallisgreaterthanthatofthefoundationsoil,thelateral
bypassflowmaybecalculatedwiththecalculationmethodforseepageunderpressureatthesluice
bottom.

7.2.7.5 Whenverifyingtheanti-seepagestabilityofthesluicefoundation,theseepagegradientsof
thehorizontalsectionandtheoutletsectionarerequiredtobelessthanthecorrespondingpermissi-
bleseepagegradientvaluesofthesoilrespectively.

7.2.7.6 Thecurtaingroutingholesinthesluicerockfoundationshouldbearrangedinasinglerow,

withthespacingintervalsat1.5mto3.0mandtheholedepth0.3to0.7timesthemaximumwater
depthonthesluice.Thecurtaingroutingshallbeperformedafterfinishingalayerofcapping
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concreteandalsocompletingtheconsolidationgroutingprocess.Thegroutingpressureshallnotlift
thefoundationrocks;thecontrolstandardforthepermeablerateoftheanti-seepagecurtainshould
notbegreaterthan5Lu.

7.2.7.7 Aftercurtaingrouting,thedrainageholesshouldbearrangedinasinglerow,andthedis-
tancetothecurtaingroutingholesshouldnotbelessthan2.0m.Thespacingbetweendrainageholes
shouldbe2.0mto3.0m,theholedepthshouldbe0.4to0.6timesthecurtaingroutingholedepth
andshouldnotbelessthantheconsolidationgroutingholedepth.

7.2.7.8 Onelayerofthewaterstopshallbearrangedforthepermanentjointswithintheanti-seep-
agescope;thewaterstoptypeshallbeadaptivetotherequirementsofunevensettlementandtem-
peraturechange.Thewater-stopmaterialsshallbedurable;theintersectionbetweenthevertical
waterstopandthehorizontalwaterstopshallconstituteasealingsystem.

7.2.8 Structuraldesign

7.2.8.1 Thestructuraldesignofthesluiceshallbeperformedaccordingtothestructurestresscon-
ditionsandtheengineeringgeologicalconditions,whichshallinclude:

a) loadandloadcombination;

b) stabilitycalculationofthesluicechamber,quaywallandwingwall;

c) structuralstressanalysis.

7.2.8.2 Whenmasonryisusedinpartofthesluicestructure,theboulderstripsorrockblocksshall
beweather-resistant,thefreeze-thawinglossratioshallbelessthan1%,theunitweightshouldnot
belessthan30kgandthestrengthgradeofthemasonrymortarshallnotbelowerthanM7.5.Effec-
tiveanti-seepagedrainagemeasuresshallbetakenforthemasonrystructure;intheseverecoldand
coldregions,thermalinsulationandanti-freezingmeasuresshallalsobetakenforthemasonrystruc-
tureofthesluice.

7.2.8.3 Inadditiontocarefulanalysisofearthquakeactionandseismiccalculation,safeandreliable
seismicmeasuresmaybeadoptedforsluicesinearthquakeareaswithpeakgroundaccelerationgrea-
terthanorequalto0.1g.

7.2.8.4 Loadesactingonthesluiceinclude:dead-weight,waterweight,hydrostaticpressure,

upliftpressure,earthpressure,sedimentpressure,windpressure,wavepressure,icepressure,

seismicload,andotherpossibleloads.Theloadsmaybeclassifiedintobasicloadandspecialload.In
thesluicedesign,variousloadsthatmayactsimultaneouslyshallbecombined,whichmaybeused
withreferencetoTable16.Otherpossibledisadvantageouscombinationsmayalsobeconsidered
whennecessary.
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Table16 Calculationloadcombinationofsluice

Load
co

m
bination

Calculation
condition

Loads Description

Dead
weig ht

W
ater

weig ht

Hy drostatic
p ressure

Up lift
p ressure

Soil
p ressure

Silt
p ressure

Wind
p ressure

W
ave

p ressure

Ice
p ressure

Frost
heaving

p ressure
of

soil

Earthq uake
load

Others

Basic
co

m
bination

Construction
completion
condition

√ — — — √ — — — — — — √
Theupliftpressuregeneratedbythe
undergroundwatermaybeconsidered

whennecessary.

Normal
reservoir
level

condition

√ √ √ √ √ √ √ √ — — — √

Thewaterweight,hydrostaticpressure,

upliftpressureandwavepressureare
calculatedinaccordancewiththe

normalreservoirlevelcombination.

Design
floodlevel
condition

√ √ √ √ √ √ √ √ — — — —

Thewaterweight,hydrostaticpressure,

upliftpressureandwavepressureare
calculatedinaccordancewiththe
designfloodlevelcombination.

Frost
condition

√ √ √ √ √ √ √ — √ √ — √

Thewaterweight,hydrostaticpressure,

upliftpressureandicepressureare
calculatedinaccordancewiththe

normalreservoirlevelcombination.

Sp ecial
co

m
bination

Construction
condition

√ — — — √ — — — — — — √
Thetemporaryloadsinvariousstages
oftheconstructionshallbeconsidered.

Overhaul
condition

√ — √ √ √ √ √ √ — — — √

Thehydrostaticpressure,uplift
pressureandwavepressureare
calculatedinaccordancewiththe
normalreservoirlevelcombination
(orinaccordancewithdesignflood

levelcombinationorlowwaterlevel
conditioninwinterwhennecessary).

Checkflood
level

condition
√ √ √ √ √ √ √ √ — — — —

Thewaterweight,hydrostaticpressure,

upliftpressureandwavepressureare
calculatedinaccordancewiththecheck

floodlevelcombination.

Earthquake
condition

√ √ √ √ √ √ √ √ — — √ —

Thewaterweight,hydrostaticpressure,

upliftpressureandwavepressureare
calculatedinaccordancewiththe

normalreservoirlevelcombination.
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7.2.8.5 Forthestabilitycalculationofthesluicechamber,thegatesectionbetweentwoadjacent

permanentjointsalongthewaterflowdirectionshouldbeusedasthecalculationunit.

7.2.8.6 Thestabilitycalculationofthesluicechamberonthesoilfoundationshallmeetthe
followingrequirements.

a) Undervariouscalculationconditions,theaveragefoundationstressofthesluicechambershall
notbemorethantheallowablebearingcapacityofthefoundation,andthemaximumfoundation
stressshallnotbemorethan1.2timestheallowablebearingcapacityofthefoundation.

b) Theratioofthemaximumandtheminimumfoundationstressesofthesluicechambershallmeet
theprovisionforallowablevalueinTable17.

c) Theanti-slidingstabilitysafetyfactoralongthefoundationsurfaceofthesluicechambershall
notbelessthanthesafetyallowablevalue(1.20forbasicloadcombinationand1.0to1.05for
thespecialloadcombination).

Table17 Allowablevalueforratioofthemaximumandtheminimumfoundationstresses
ofthesluicechamberonthesoilfoundation

Foundationsoil
Loadcombination

Basiccombination Specialcombination

Soft 1.50 2.00

Mediumhard 2.00 2.50

Hard 2.50 3.00

7.2.8.7 Thestabilitycalculationofthesluicechamberontherockfoundationshallmeetthefollow-
ingrequirements.

a) Underanycalculationconditions,themaximumfoundationstressofthesluicechambershallnot
bemorethantheallowablebearingcapacityofthefoundation.

b) Undernon-seismicconditions,thetensilestressshallnotoccuronthefoundationofthesluice
chamber;underearthquakeconditions,thetensilestressonthefoundationofthesluice
chambershallnotbemorethan100kPa.

c) Theanti-slipstabilitysafetyfactoralongthefoundationsurfaceofthesluicechambershallnot
belessthantheallowablevalueforsafety(ifcalculatedinaccordancewiththepurefrictionfor-
mula:1.05forthebasiccombinationand1.0forthespecialcombination;ifcalculatedinaccord-
ancewiththeshearingresistingformula:3.0forthebasiccombinationand2.5forthespecial
combination).
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7.2.8.8 Thestressonthefoundationofthesluicechambershallberespectivelycalculatedaccording
tothefollowingprovisionsinaccordancewiththestructurallayoutandthestress.

a) Whenthestructurallayoutandthestressaresymmetric,thecalculationshallbeperformedac-
cordingtotheFormula(21).

Pmax/min=∑
G

A ±∑
M

W
…………………………(21)

where

Pmax/min isthemaximumvalueorminimumvalueofcalculatedfoundationstressofcalculated
sluicechamber,inkPa;

∑G istheallverticalloadsactingonthesluicechamber(includingtheupliftpressureonthe
foundationsurfaceofthesluicechamber,inkN;

∑M isthemomentofallverticalandhorizontalloadsactingonthesluicechamberrelative
tothecentroidalaxisoffoundationsurfaceverticaltothewaterflowdirection,in
kN·m;

A istheareaofthefoundationsurfaceofthesluicechamber,inm2;

W isthesectionalmomentofthefoundationsurfaceofthesluicechamberrelativetothe
centroidalaxisofthisfoundationsurfaceverticaltothewaterflowdirection,inm3.

b) Whenthestructurallayoutandthestressareasymmetric,thecalculationshallbeperformedac-
cordingtotheFormula(22).

Pmax/min=∑
G

A ±∑
Mx

Wx
±∑

My

Wy
…………………………(22)

where

∑Mx,∑My isthemomentofallverticalandhorizontalloadsactingonthesluicechamber
relativetothecentroidalaxisxandyoffoundationsurface,inkN·m;

Wx,Wy istheSectionalmomentoffoundationsurfaceofsluicechamberrelativetothe
centroidalaxisxandyofthisfoundationsurface,inm3.

7.2.8.9 ThesafetyfactorKcofanti-slipstabilityonthesoilfoundationalongthefoundationsurface
ofthesluicechambershallbecalculatedaccordingtotheFormula(23)ortheFormula(24).
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Kc=
f∑G
∑H

…………………………(23)

Kc=
tgφ0∑G+C0A

∑H
…………………………(24)

where

Kc istheanti-slipstabilitysafetyfactoralongthefoundationsurfaceofthesluicechamber;

f isthefrictioncoefficientbetweenthefoundationsurfaceofthesluicechamberandthefounda-
tion;

∑H istheallhorizontalloadsactingonthesluicechamber,inkN;

φ0 istheFrictionalanglebetweenthefoundationsurfaceofthesluicechamberandthesoilfoun-
dation,in(°);

C0 istheCohesiveforcebetweenthefoundationsurfaceofthesluicechamberandthesoilfoun-
dation,inkPa.

7.2.8.10 Theanti-slipstabilitysafetyfactorontherockfoundationalongthefoundationsurfaceof
thesluicechambershallbecalculatedaccordingtotheFormula(23)ortheFormula(25).

Kc=
f∑G+C'A

∑H
…………………………(25)

where

f' istheshearingresistingfrictioncoefficientbetweenthefoundationsurfaceofthesluice
chamberandtherockfoundation;

C' istheshearingresistancecohesiveforce(kPa)betweenthefoundationsurfaceofthesluice
chamberandtherockfoundation;

k istheanti-slipstabilitysafetyfactor.Whenthesluicechamberissubjecttotheactionofatwo-
wayhorizontalload,andtheanti-slipstabilityonthedirectionofitsresultantforceshallbever-
ified.

7.2.8.11 Intheabsenceoftestdata,thefrictioncoefficientfbetweenthefoundationsurfaceof
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thesluicechamberandthefoundationmaybeselectedfromtheempiricalvalueslistedinTable18
accordingtothecategoryoffoundation.

Table18 Empiricalvaluesoffrictioncoefficientfbetweenfoundationsurfaceofsluice
chamberandfoundation

Categoryoffoundation f

Clay

Weak 0.20~0.25

Medium-hard 0.25~0.35

Hard 0.35~0.45

Loamandsiltloam 0.25~0.40

Sandyloamandsiltysoil 0.35~0.40

Finesandandveryfinesand 0.40~0.45

Mediumsandandcoarsesand 0.45~0.50

Sandgravel 0.40~0.50

Gravelandcobble 0.50~0.55

Gravellysoil 0.40~0.50

Softrock

Extremelysoft 0.40~0.45

Soft 0.45~0.55

Relativelysoft 0.55~0.60

Hardrock
Relativelyhard 0.60~0.65

Hard 0.65~0.70

7.2.8.12 Thefrictionalangleφ0andthecohesiveforceC0betweenthefoundationsurfaceofthe
sluicechamberandthesoilfoundationmaybeadoptedaccordingtothecategoryofsoilfoundation
andwithreferencetoTable19.

Table19 Valuesφ0andC0(soilfoundation)

Categoryofsoilfoundation φ0 C0

Cohesivesoil 0.9φ (0.2~0.3)C

Sandysoil (0.85~0.9)φ 0

7.2.8.13 Theshearingresistingfrictioncoefficientf'andtheshearingresistingcohesiveforceC'
betweenthefoundationsurfaceofthesluicechamberandtherockfoundationmaybeselectedac-
cordingtotheshearingresistingtestresultsforrocksinthelaboratoryandthevalueslistedin
Table20.
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Table20 Valuesf'andC'(rockfoundation)

Categoryofrockfoundation f' C'(MPa)

Hardrock
Hard 1.5~1.3 1.5~1.3

Relativelyhard 1.3~1.1 1.3~1.1

Softrock

Relativelysoft 1.1~0.9 1.1~0.7

Soft 0.9~0.7 0.7~0.3

Verysoft 0.7~0.4 0.3~0.05

7.2.8.14 Ifthesluicechamberisequippedwithtwobulkheadgatesorwithonlyonebulkheadgate,

theanti-floatingstabilityshallbecalculatedwhentheservicegateandthebulkheadgateareusedfor
inspection.Theanti-floatingstabilitysafetyfactorofthesluicechambershallnotbelessthan1.10
underbasicloadcombinationandshallnotbelessthan1.05underspecialloadcombination.

8 Waterdiversionstructure

8.1 Waterintake

8.1.1 Thewaterintakesincludethefollowingtypes.

a) Theopenintakeshouldapplytothenon-pressurediversionhydropowerstation,andthewater
levelattheleadingedgeoftheintakeshouldvarieslittle.

b) Theriverbedintakeshouldapplytotheriverbedhydropowerstation,whichisanintegralpart
ofthepowerhousestructure.

c) Thedamintakeshouldapplytoallkindsofconcretedamsandmasonrydams.

d) Thebankintakeshouldapplytothepressurediversion-typehydropowerstation,andmaybe
classifiedintobank-towerintake,shaftintakeandbankslopeintakeaccordingtotheirstructural
featuresandgateposition.Thebank-towerintakeshouldapplytothegeologicalconditionsare
notconducivetothebell-mouthinthebankrockmass.Theshaftintakeshouldapplytothebank
slopewithanintegralandstablerockmass,andthatisconvenientforexternaltraffic.Theap-

plicationconditionofthebankslopeintakeisthesameasthatofshaftintake.
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Key
1 bulkheadgateslot
2 servicegateslot

a) Openintake

Key
1 hoist
2 trashrackframe
3 trashrack

4 bulkheadgateslot
5 emergencygateslot

b) Damintake

Key
1 trashrack
2 hoist

3 bulkheadgateslot
4 emergencygateslot

c) Riverbedintake

Figure6 Waterintaketypes
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Key
1 bulkheadgateslot
2 trashrack
3 hoist

4 hoistroom
5 emergencygateslot

d) Bank-towerintake

Key
1 trashrack
2 hoistroom
3 emergencygateslot

e) Shaftintake

Key
1 hoistroom
2 cleaningplatform

3 trashrack
4 emergencygateslot

f) Bankslopeintake

Figure6(continued)
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8.1.2 Thecompositionofthewaterintakeshallmeetthefollowingrequirements.

a) Thewaterintakeshouldincludethetrashholdingsection,entrancesection,gatesection,tran-
sitionsectionandtheupperstructure;meanwhile,thewaterfillingholeandtheventholeshall
bearranged.Forthehydropowerstationontheheavilysedimentriver,theriverwithheavy
trashandinseverecoldregions,thesedimentcontrol,pollution prevention oranti-ice
structuresshallbebuiltrespectively.

b) Thetrashrack,gate,hoist,trashcleaningandobservationfacilitiesshallbesetupatthewater
intake.

8.1.3 Thelayoutprinciplesofthewaterintakeshallmeetthefollowingprovisions.

a) Atvariousoperatingwaterlevels,thewaterintakeshallensurethatthewaterflowissmooth,

stable,uniformandminimizetheheadloss,andtherequiredflowshouldbeledinorinterrupted
accordingtotheoperationalneeds.

b) Air-entrainingfunnelvorticesshallbeavoided.Otherwise,counteracting measuresshallbe
taken.

c) Theequipmentforthewaterintakeshallbecomplete,thegatesandhoistsshallbeaccessible,

easytomaintenanceandreliabletooperate,andthewaterfilling,ventilationandmobilityfacili-
tiesshallbeunobstructed.

d) Theeffectivesedimentcontrolmeasuresshallbetakenforthewaterintakeontheheavilysedi-
mentrivertosedimentfromsiltinguptheintakeandpreventthebedloadfromenteringthedi-
versionsystem.

e) Effectivetrashleading,dischargeandcleaningmeasuresshallbetakenforthewaterintakeon
theriverwithheavytrashtopreventthetrashconcentratingontheleadingedgeofthewater
intake,blockingthetrashrackandinfluencingtheoperationofthehydropowerstation.

f) Necessaryanti-icemeasuresshallbetakenforthewaterintakeintheseverecoldregion.

8.1.4 Thewaterintakeshallmeetthefollowingrequirementsforsediment,trashandicepreven-
tion.

a) Sedimentcontrolshallbetakenintoaccountintheselectionofprojectlocation,generallayout,

layoutofflooddischargestructuresandselectionofreservoiroperationmodeheavilysediment
river.Thesedimentcontroldesignofthewaterintakeshallcomprehensivelyadoptmeasures
suchassedimentguiding,retaining,discharging,settlingandflushing,andmeetthefollowing.

1) Sedimentguiding:theprojectshallbelaidouttoseparatesedimentfromthewater,divert
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wateranddischargesedimenttoguidethesedimentawayfromthewaterintake.

2) Sedimentretaining:thesedimentretainingsillshallbearrangedtoretainthebedsediment
ontheleadingedgeofthewaterintake.

3) Sedimentdischarging:thereservoirregulationoperationschemeshallbeoptimizedtodis-
chargethesedimentinfrontofthewaterintaketothedownstream.

4) Sedimentsettling:thedesiltingbasinshallbearrangedtosettlethebedsedimentintheba-
sin.

5) Sedimentflushing:thereservoirregulationoperatingschemeshallbeoptimizedtoflushthe
sedimentinthedesiltingbasintothedownstream.

b) Thewaterintakeontheriverwithheavytrashshouldnotbedirectlyoppositethemainstream
carryingthetrash.Thetrashpreventiondesignforwaterintakeshallbeperformedwithfullcon-
siderationtothetrashguiding,dischargingandretainingmeasures.Thetrashretainingfacilities
shallmeettherequirementsoftrashcleaningandwaterdiversion.

1) Trashguiding:theguidewallshallbearrangedtoguidethetrashawayfromthewaterin-
take.

2) Trashdischarging:thereservoirregulation operating scheme shallbe optimized to
dischargethetrashinfrontofthewaterintaketothedownstream.

3) Trashretaining:thetrashrackandtrashcleaningplatformshallbearrangedontheleading
edgeofthewaterintake,andthetrashshallbecleanedwiththetrashremover.

4) Theopeningareaofthetrashrackshallbeguidedbytheflowvelocitythroughtherack.The
flowvelocitymaybe0.8m/sto1.2m/s.

c) Thewaterintakeinfrostzonesshallavoidthedirectimpactoffloatingice,optimizethereser-
voirregulationandlimittheproductionoffloatingice.Theanti-icedesignforthewaterintake
shalladoptmeasuressuchasiceguidinganddischarging.

8.1.5 Thenon-pressurediversionsystemshouldemployanopenintake.Designofanopenintake
shallmeetthefollowingrequirements.

a) Theintakeshouldbeselectedonthesteadyriverreach,andshouldbelaidoutnearthemain
channel;butitshallnotbelaidoutontheriverreachwithawideriverbedandscatteredmain-
stream.Theintakeshallnotbearrangednearthejunctionsoftributariesorravinescarryinga
largeamountofbedload.Theintakeshallnotbearrangedintherecirculationzonepronetotrash
accumulation,andshallbeprotectedfromthedirectimpactoffloatingiceordriftwood.
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b) Iftheintakeisusedmainlyforsedimentcontrol,itspositionshouldbeselectedontheconcave
bankofthecurvedreach,andthemostfavourablepositionisnearthedownstreamareaofthe
curvevertex;iftheintakeisusedmainlytopreventtrashorice,itshouldbeselectedonthe
straightreach.

c) Thewingwallsonbothbanksoftheupstreamapproachchanneloftheintakeshallbesmoothly
laidouttoensurethesmoothandsteadydiversionflow.

d) Thesizeoftheintakeorificeshallbeselectedaccordingtotheoperationheadanddesignflow,

andwithconsiderationgiventotheflowvelocityattheopening,dimensionseriesofgateand
hoistcapacity.

e) Theintakeshallbeabletointroducesufficientflowforpowergenerationattheminimumup-
streamoperatingwaterlevel.

f) Thefloorelevationoftheintakeshallbedeterminedincombinationwiththesedimentcontrol
anddischargingfacilitiestopreventthebedloadfromenteringtheheadrace.

g) Thehydrauliccalculationoftheintakeshallincludethecalculationofthediversiondischarge.

8.1.6 Thepressurediversionsystemshouldemployabankintake.Designofabankintakeshallmeet
thefollowingrequirements.

a) Theintakeshallbeselectedincombinationwiththegeologicalandtopographicalconditions.The
towerintakeshouldnotbearrangedinthehighearthquakeintensityarea.

b) Thefavourableterrainshallbefullyutilizedtoreducetheearth-rockexcavationandtoavoid
highslopeexcavationifpossible.Thesectionwithgoodgeologicalconditionsshallbeselected
toensurethatthefoundationisreliableandthehillsideisstable.

c) Theintakeshallensuresufficientsubmergeddepthbelowtheminimumupstreamoperating
waterlevel.

d) Thefloorelevationoftheintakeshallmeetthesedimentcontrolrequirements,whichshallbe
higherthanthebalancedelevationofthescouringandsiltingofthereservoirontheleadingedge
oftheopeningorlocatedwithintherangeofthesedimentdischargefunnelandabovetheeleva-
tionofthesedimentsettling.

e) Theoverflowboundaryoftheentrancesectionattheintakesectionshouldemploythecurve
closetothestreamlineorcircularcurve.
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f) Theopeningareaoftheintakeshouldnotbelessthantheareaofheadracebehindit.

g) Theservicegate,emergencygateandbulkheadgateshouldbearrangedinthegatesectionof
theintake.Thetypeoftheaforesaidgatesshouldbedeterminedbythetypeofintake,thetype
andlengthoftheheadrace,whetherthegatevalveisinstalledontheheadrace,andtheprotec-
tionrequirementsforthestructuresdownstreamoftheintake.Thefillingvalveshallbearranged
tofacilitateoperation,inspectionandmaintenance.

h) Theventholeshallbearrangedbehindtheintakegate.Theupperopeningoftheventholeshall
beseparatedfromtheoperatingroomforthegate,leadingtotheoutdoor,awayfromthesite
ofpersonnelactivities,andhigherthanthemaximumupstreamreservoirwaterlevel.Whenthe
upperopeningleadstothedownstreamareaofthewaterretainingstructure,watersprayingin
anemergencyshallnotimperilthesafetyoftheplant.Whenthewaterstopisinstalledinthe
frontofthegate,thegateshaftmaybeusedastheventholebutitsoutletshallbewellventila-
ted.

i) Graduatedshrinkagetypeshouldbeadoptedfortheconnectionbetweentheintakeandpressure
headrace.Thelengthofthetransitionsectionshouldnotbelessthan1.0to2.0timesthehead-
racewidth(ortunneldiameter).

j) Thehydrauliccalculationfortheintakeshallincludetheheadlossoftheintake,theventholear-
eaandthewater-fillingtimeforthepipeline.Theheadlossshallincludethepartiallossofthe
trashrack,inlet,gateslotandtransitionsectionaswellasthefrictionloss.

8.1.7 Thewaterintakestructurecalculationshallmeetthefollowingrequirements.

a) Thewaterintakestructureshallbecalculatedandverifiedrespectivelyaccordingtothelimit
stateofbearingcapacityandserviceabilitylimitstate.

1) Limitstateofbearingcapacity:includingthecalculationoftheoverallanti-sliding,anti-
floatingandanti-overturningstabilityofthestructures,thecalculationofthecompression
bearingcapacityofthefoundationrockonthefoundationplaneandthecalculationofthe
seismicresistantcapacity.

2) Serviceabilitylimitstate:verificationoftheupstreamanddownstreamtensilestresson
thefoundationplaneofthewaterintakewiththematerialmechanicsmethod.Thetensile
stressshallnotoccurintheverticalnormalstressonthefoundationofthewaterintakeun-
dertheupstreamsurfacestandardcombinationandthetensilestressallowedonthedown-
streamsurfaceshouldnotbemorethan100kPa.

b) Thewaterintakestructureshallhavesufficientstability,strength,rigidityanddurability.
221

SHP/TG002-5:2019



c) Thestressatthedam-typeintakeshallbecalculatedinsectionsaccordingtotheoperatingcon-
ditions,dambodyloadandstressdistribution.

d) Thetowerbaseandtowerbodystructureofthebank-towerintakemaybecalculatedrespec-
tivelyaccordingtotheinvertedframeandtheframeontheelasticfoundation.

e) Thegateorificeoftheopenintakemaybedesignedaccordingtotheinvertedframeontheelas-
ticfoundationortheelasticfoundationplate.

f) Theoverallfloatingresistancestabilityofthetowerintakeshallbecalculated.Thetowerbody
maybecalculatedinaccordancewiththecylinderorframe;thetowerbasemaybedesignedin
accordancewiththeelasticfoundationplateortheinvertedframeontheelasticfoundation.

g) Undervariousloadcombinations,themaximumverticalnormalstressonthefoundationsurface
ofthebankorthetowerintakeshallnotbelessthantheallowablecompressionstressofthe
foundation;theminimumverticalnormalstressshallbemorethan0.Thestressindeepfounda-
tionshallberecheckedwhennecessary.

8.1.8 Waterintakefoundationtreatmentshallmeetthefollowingrequirements.

a) Thewaterintakeontherockfoundationshallbeplacedontheavailablebedrock;thefoundation
withpartialfracturedeveloped,weakintercalatedlayerandunstablerockshallbeexcavatedor
strengthenedtosatisfytherequirementsofbearingcapacity,anti-slipstabilityandsettlement
deformation.

b) Theslopeofthebankintakeshallbecleaned,renovatedandequippedwithsurfacedrainage
measures.Thepartialunstablerockmassshallbeexcavatedorreinforced.

c) Correspondingmeasuresshallbetakenforfoundationtreatmentofthewaterintakesonsoft
foundations.

8.2 Diversiontunnelandsurgechamber

8.2.1 Thetunnelandsurgechambershallmeetthefollowingprinciples.

a) Therouteselectionofthetunnelshallmeetthegenerallayoutrequirementsoftheproject.

b) Thetunnelrouteshallbeselectedthroughtechnicalandeconomiccomparisonoftheschemesin
accordancewiththepurposeofthetunnel,andincomprehensiveconsiderationwithvarious
factorsincludingtopography,geology,hydraulics,construction,operation,structuresalong
theroute,generallayoutoftheprojectandinfluenceontheambientenvironment.
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c) Underthepremiseofsatisfyingtherequirementsoftheprojectgenerallayout,thetunnelroute
shouldbeselectedintheregionwithsimplegeologicstructurealongtheroute,i.e.integraland
stablerockmass,hardrock,thickoverlyingrock,goodhydrogeologicalconditionsandconven-
ientconstructionaccess.

d) Theintersectionanglebetweenthetunnelrouteandtherockstratum,thefracturesurfaceas
wellasthemainweakzoneshallbelarge,ifpossible.Intherockmassofanintegralblockstruc-
ture,theintersectionangleshouldnotbelessthan30°.Inthestratifiedrockmass,particularly
thethinrockwithhighdipangleandlooseinterlayerbonding,theintersectionangleshouldnot
belessthan45°.

e) Consideringthestabilityofsurroundingrocks,thetunnelrouteshouldbeconsistentwiththedi-
rectionofmaximumhorizontalgroundstressortheintersectionangleshouldbeminimizedfor
thetunnelintheareawithhighgroundstress.

f) Theminimumcoveringthicknessoftherockmassabovethetunneltopandonthebanksideof
themountaintunnelshallbedeterminedthroughcomprehensiveanalysisinaccordancewiththe
topographicandgeologicalconditions,sectionalformandsizeofthetunnel,tunnellingcondi-
tions,internalwaterpressure,liningpattern,permeabilitycharacteristicsofthesurrounding
rockandthestructuralcalculationresults.Theminimumthicknessoftherockmassofthepres-
suretunnelmaybecalculatedaccordingtotheFormula(26).Itshallalsoensurethatthesur-
roundingrockdoesnotproduceseepageinstabilityandhydraulicfracturing.

CRM =
Fγwhs

γRcosα
…………………………(26)

where

CRM istheminimumcoveringthicknessoftherockstratum;

hs isthehydrostaticheadinthetunnel;

γw istheunitweightofthewater;

γR istheunitweightoftherock;

α istheinclinationoftherivershoreslope,in(°),whenα>60°,takeα=60°;

F istheempiricalcoefficient,take1.3to1.5.
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Key

1 highpressurepenstock

Figure7 Thicknesscalculationsfortheoverlayingrockoftheundergroundpenstock

g) Thethicknessoftherockmassbetweentwoadjacenttunnelsshouldnotbelessthantwicethe
tunneldiameter(orthetunnelwidth).Iftherockmassisfavourable,thethicknessmaybeap-
propriatelyreducedbutshallnotbelessthanthetunneldiameter(orthetunnelwidth).

h) Whenthetunnelroutepassesthroughthedamfoundation,thedamabutmentorthefoundation
ofotherstructures,thethicknessoftherockmassbetweenthestructureandthetunnelshallbe
sufficienttosatisfythestructuralandanti-seepagerequirements.

i) Whenthetunnelrouteencountersgullies,thegullybypassingorstridingschemesshallbecom-
paredintheirtechnicalandeconomicaspectsinaccordancewiththetopographical,geological,

hydrologicalandconstructionconditions.Whenthegullystridingschemeisadopted,the
stridingpositionshallbereasonablyselected,andtheengineeringmeasuresshallbetakentore-
inforcethefoundationofthestructurestridingthegully,theconnectionpositionoftunneland
thetunnelfaceslope.

j) Thetunnelrouteshallbestraightontheplaneifpossible.Whenitiscurved,thebendingradius
ofthenon-pressuretunnelshouldnotbelessthan5timesthetunneldiameter(ortunnelwidth)

andthecornershouldnotbegreaterthan60°;therequirementsmaybeappropriatelyreduced
forthepressuretunnel.Thestraightsectionshallbearrangedatthebeginningandattheendof
thebend,whoselengthshouldnotbelessthan5timesthetunneldiameter(ortunnelwidth).

k) Whentheverticalcurveisarrangedforthebarrel,theradiusoftheverticalcurveshouldusually
notbelessthan5timesthetunneldiameter(ortunnelwidth)buttherequirementsmaybeap-
propriatelyreducedforthepressuretunnel.Whentheverticalcurveistobelaidout,itshallfa-
cilitateconstruction.

l) Thelongitudinalgradientofthebarrelsectionshallbeselectedthroughtechnicalandeconomic
comparisoninaccordancewiththeoperationalrequirements,connectionbetweentheupstream
anddownstreamareas,bottomelevationofthestructurealongtherouteaswellasconstruction
andoverhaulconditions.Thelongitudinalgradientalongtherouteshouldnotvarytoomuch,and
thezeroslopeshouldnotbearrangedandanadverseslopeshouldbeavoided.
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m) Thereshallbenoalternatingpressureandnon-pressureflowinthepressuretunnel.Themini-
mumpressureheadatthetopofthewholetunnelshallnotbelessthan2munderthemostun-
favourableoperatingconditions.

n) Whenthetunnelrouteselectedisrelativelylong,constructionaditsshallbeconsidered.The
numberandlengthoftheconstructionaditsshallbedeterminedthroughanalysisinaccordance
withthetopographicandgeologicalconditionsalongtheroute,construction methodand
externaltrafficsituation,andforthebenefitofbalancingtheworkamountfordifferenttunnel
sectionsandtheconstructionperiod.

o) Thesettingforthesurgechamberinthepressurediversiontunnelshallbedeterminedinlightof
atechnicaleconomicalcomparisonconsideredthefactorssuchasthecalculationoftheunitreg-
ulationguaranteeandanalysisoftheoperatingconditions,takingintoaccounttheroleofthehy-
dropowerstationinthepowersystem,aswellasthetopography,geologyandtunnellayout.
Thesurgechambershouldbeclosetothepowerhouse.Unfavourablegeologicalconditions
shouldbeavoidedforthesurgechamberinordertoalleviatetheadverseseepageeffectsonits
surroundingrocksandslopestability.

p) Thetypeselectionofthesurgechambershallmeetthefollowingrequirements.

1) Surgewavesfromthepenstockcanbeeffectivelyreflected.

2) Surgewillbestableincaseofsmallturbine-generatorloadchanges.

3) Incaseoflargeturbine-generatorloadchanges,thewatersurfaceinthesurgechamberwill
havelowamplitudeandfastwaveattenuation.

8.2.2 Thetunnelandsurgechamberstructuresshallmeetthefollowingrequirements.

a) Thesectionalshapeanddimensionofthetunnelshallbedeterminedthroughtechnicalandeco-
nomicanalysisaccordingtothetunnelpurpose,hydraulicconditions,engineeringgeological
conditions,groundstress,liningoperatingconditionsandconstructionmethod.

b) Thepressuretunnelisusuallyusedforpowergenerationdiversiontunnel.Whentheupstream
waterlevelchangeslittleandthediversionflowisrelativelystable,thenon-pressuretunnelmay
alsobeused.

c) Thepressuretunnelshouldusethecircularsection.Ifthetunneldiameterandtheinner/external
waterpressurearenotgreat,othersectionalshapesconvenientforconstructionalsocanbe
used.

d) Thenon-pressuretunnelshouldemploythestraightwallsectionwithacirculararch;thecentral
angleofthecirculararchshouldbe90°to180°;whenthethrustatthespringerneedstobein-
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creased,thecentralanglelessthan90°alsomaybeacceptable.Theheight-widthratioofthe
sectionshallbeselectedaccordingtothehydraulicconditionsandgeologicalconditions,but
shouldbe1to1.5.Whenthewaterlevelvariesgreatlyinthetunnel,thelargeratioshouldbe
used.Whenthegeologicalconditionsarerelativelypoor,thecircularorhorseshoe-shapedsec-
tionmaybeselected.

e) Theheight-widthratioofthesectionshallbeadaptivetothegroundstressconditions;ifthe
horizontalgroundstressisgreaterthantheverticalgroundstress,thesectionwithalesser
heightbutgreaterwidthcanbeused;iftheverticalgroundstressisgreaterthanthehorizontal
groundstress,thesectionwithgreaterheightbutsmallerwidthcanbeused.

f) Withregardtotherelativelylongtunnel,multiplesectionshapesorliningpatternscanbeused,

butthereshouldnotbetoomanyvarietiesofsectionshapesorliningpatterns.Thetransition
sectionshallbearrangedbetweendifferentsectionsorliningpatterns.Theboundaryofthetran-
sitionsectionshallemploytheeasycurve,andbeconvenientforconstruction.Theconeangle
ofthetransitionsectioninthepressuretunnelshouldbe6°to10°,itslengthshouldnotbeless
than1.5to2.0timesthetunneldiameter(ortunnelwidth)andtheintervalbetweentwotransi-
tionsectionsshouldnotbetoosmall.

g) Thecross-sectionaldimensionofthehydropowertunnelshallbedeterminedthroughanalysisin
linewiththeprincipleofminimizingthesumoftheengineeringcostsfortunnelandthecostof
energyloss.

h) Theminimumdimensionofthecross-sectionshouldbedeterminedaccordingtotheconstruction
requirements:theinnerdiameterofthecircularsectionshouldnotbelessthan1.8 m,the
heightofthenon-circularsectionshouldnotbelessthan1.8mandthewidthshouldnotbeless
than1.5m.Thetunnelwidthshallbegreaterthan2.2minthecasewhereitslengthislonger
than1.5km.

i) Inthenon-pressuretunnelwithlowflowvelocity,thespaceabovethewatersurfaceprofile
shouldnotbelessthan15% ofthesectionalareaofthetunnelanditsheightshallnotbeless
than0.4munderconstantflowconditionsiftheventilationconditionsaregood.Undernon-con-
stantflowconditions,theaforesaidvaluescanbeappropriatelyreducedwhenthesurgewave
hasbeenconsideredinthecalculation,andtheaforesaidvaluecanbeappropriatelyincreasedfor
therelativelylongtunnelandthetunnelwithoutliningorshotcreteboltlining.

j) Asurgechambershouldbeundergroundandshouldbelinedbyanchorageandshotcrete,con-
creteandreinforcedconcrete,etc.

8.2.3 Hydrauliccalculationshallmeetthefollowingrequirements.

a) Thehydrauliccalculationofthenon-pressuretunnelincludesthedischargecapacity,connection
oftheupstreamanddownstreamflowsandthewatersurfaceprofile.
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b) Thehydrauliccalculationofthepressuretunnelincludesthedischargecapacity,headlossand
hydraulicgradeline.

c) Theheadlossofthehydraulictunnelincludesthefrictionlossandpartiallosswhichshallbecal-
culatedrespectively.

1) Theroughnesscoefficientvaluenselectedinthecalculationofthefrictionlossshallbede-
terminedthroughcomprehensiveanalysisinaccordancewiththeconstructiontechnology,

possiblechangesafteroperationandtheeconomicbenefits.

2) Thecoefficientusedinthecalculationofpartiallossmaybedeterminedthroughanalysis
withreferencetothehydraulicdata,ordecidedthroughtestwhennecessary.

d) Thedischargecapacityofthetunnelshallbecalculatedrespectivelyforthepressuretunneland
thenon-pressuretunnelaccordingtothewaterflowconditions.

1) Pressuretunnel:calculatedinaccordancewiththepipeflow.

2) Non-pressuretunnel:calculatedinaccordancewiththeweirflowfortheopeninlet;calcu-
latedinaccordancewiththepipeflowforthedeepinlet.

e) Withregardtothecalculationofthewatersurfaceprofileforthenon-pressuretunnel,theclas-
sificationofthewatersurfaceprofileshouldbedeterminedfirst.Afterthecontrolsectionisse-
lected,thecalculationmaybecarriedbyselectthecontrolsectionandthencalculatethestep-
wisesummationprocessorothermethods.

8.2.4 Thetunnelliningandsupportingstructure

8.2.4.1 Thetunnelliningandsupportingstructureshallmeetthefollowinggeneralrequirements.

a) Thetunnelsupportsshouldkeepitssurroundingrockstableorprovidethenecessarystabilizing
timeforthesurroundingrock.Thefollowingsupportingmodesmaybeused:anchorrod,an-
chorageandshotcrete,steelframe,reinforcementmeshshotcrete.

b) Tunnelliningincludesshotcretelining,concretelining,reinforcedconcretelining,etc.,withthe
followingfunctions:

1) strengthenthesurroundingrocks,andthesurroundingrocksandtheliningsundertakethe
loadjointly;

2) smooththesurroundingrocksurfacetoreducetheroughness;

3) improvetheanti-seepagecapabilityofsurroundingrocks;
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4) preventthesurroundingrockfrombeingwashedawayanddamagedduetotheflow,at-
mosphere,temperatureandhumiditychanges.

c) ontheloadcalculatedbythetunnelliningstructuremaybeclassifiedintothebasicloadandspe-
cialloadaccordingtotheirfunctions,includingthedeadweightofthelining,surroundingrock

pressure,groundstress,internalwaterpressure,externalwaterpressure,groutingpressure,

constructionload,temperatureload,seismicload,etc.Loadsactingonthelingshallbecom-
binedintothebasicandspecialcombinationsaccordingtothepossibilitytwotypesofloadslis-
tedaboveexistsimultaneously.

d) Thesurroundingrockpressureactingonthetunnelliningshallbedeterminedinaccordancewith
thesurroundingrockfeatures,burieddepth,sectionalshapeandsizeof,constructionmethod,

supportingconditionsafterexcavation,liningconcretepouringtimeandstressredistributionof
thesurroundingrockduringconstruction.

1) ForsurroundingrockⅠ,broken-rockpressuremaybeignoredintheliningdesign.Ground
stressshouldbestudiedaccordingtothetunnelburialdepth.

2) ForsurroundingrocksⅠandⅡ,broken-rockpressuremaybeestimatedaccordingtoFor-
mula(27)beforetunnelexcavation.

qv=(0.1~0.2)γRB …………………………(27)

where

γR istherockunitweight,inkN/m3;

B isthetunnelexcavationwidth,inm;

qv isthepressureofevenlydistributedsurroundingrocks,inkN/m2.

Aftertunnelexcavation,thepressureactingontheliningshallbeanalysedbyblockbalance
methodorfiniteelementmethodaccordingtothesupplementarygeologicaldataandthe
necessarycorrectionshallbemade.

3) ForsurroundingrocksⅣandⅤ,thesurroundingrockpressuremaybeestimatedwiththe
loosenmediabalancetheory.

4) Incasethesurroundingrocksaresupportedbycombinedboltingandshotcreteliningor
steelframesreachingastablestatus,thesurroundingrockpressureactingontheinnercon-
creteliningorreinforcedconcreteliningmaybediscountedorignored.
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8.2.4.2 Thetunnelwithconcreteandreinforcedconcreteliningshallmeetthefollowingrequire-
ments.

a) Theliningthicknessoftheconcreteandthereinforcedconcreteshallbedeterminedaccordingto
thestrength,anti-seepageandcompositionrequirements,andincombinationwiththecon-
structionmethod.Thethicknessofsinglereinforcedconcreteliningshouldnotbelessthan
0.3m;thethicknessofthedoublelayersreinforcedconcreteliningshouldnotbelessthan
0.4m.

b) Theanti-crackorcrack-limitingrequirementsshallbeproposedfortheconcreteandtherein-
forcedconcreteliningaccordingtothesurroundingrockconditions,anti-seepagerequirements,

operatingstateoftunnelandimportanceoftheproject.Thisrequirementmaynotbeneccessary
fortheliningusedsolelyforlevellingthesurfaceofthesurroundingrocks.

c) Iftheseepageoftheinternalwaterwillthreatenthesafetyofthesurroundingrocksand
adjacentstructuresafterthetunnelliningiscracked,theliningshallbedesignedaccordingtothe
anti-crackrequirements;otherwise,itmaybedesignedaccordingtotherestrictedcrackre-

quirements.Themaximumcalculatedcrackwidthshallnotexceed0.2mmto0.3mm whende-
signedaccordingtotherestrictedcrack.Whenthewateriscorrosive,themaximumcalculated
crackwidthshouldnotexceed0.15mmto0.25mm.Iftheliningisnoteasytomeettherequire-
mentsofanti-crackorcrackrestriction,othermeasuresmaybetaken.

d) Accordingtothestrengthandanti-seepagerequirementsoftheconcrete,thestrengthgradeof
theconcreteandthereinforcedconcreteliningshouldnotbelowerthanC20.

e) Fortheconcreteandreinforcedconcretelining,thedeformationjointsshallbearrangedandcor-
respondinganti-seepagemeasuresshallbetakenattheintersectionofwells,aditsandotherpo-
sitionswherethegeologicalconditionsobviouslychange(suchasthepositionspassingthrough
arelativelylargefaultorfracturedweakzone),orotherpositionswheresignificantrelativedis-

placementmay occur.Whenthe geologicalconditions ofsurroundingrockarerelatively
uniform,onlytheconstructionjointsareprovided.

f) Thelengthoftheplacedsectionalongthetunnelrouteshallbedeterminedthroughanalysisin
accordancewiththeplacingcapacityandthetemperatureshrinkage.Thelengthmaybe6mto
12m.Thecircumferentialjointsofthebottomarchandtheside/crownarchshallnotbestag-

gered.

g) Withregardtothecircularconstructionjointsofthenon-pressuretunnellining,thedistribution
steelmaynotpenetratethejointsurface,theconcretemaynotberoughenedandthewater
stopmaynotbearrangedifthereisnoanti-seepagerequirement.Withregardtothepressure
tunnelandthe non-pressuretunnel with anti-seepagerequirements,the necessaryjoint
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treatmentmeasuresshallbeimplementedforthecircularconstructionjointsoftheliningac-
cordingtothespecificconditions.

h) Thelongitudinalconstructionjointsinthetunnelliningshallberoughenedandarrangedatthe
positionswithrelativelylowtensilestressandshearstressinthetunnelliningstructure.When
thetoparchneedstobelinedfirstintheconstruction,thereversejointsurfaceoftheabutment
shallbeproperlytreated.

i) Certainoverlappinglengthshallbereservedfortheconnectionbetweenthereinforcedconcrete
liningandthesteelplatelining(theoverlappinglengthshallbedeterminedaccordingtothewa-
terheadandnotbelessthan1m),andthedamringorotheranti-seepagemeasuresshallbear-
rangedonthesteelplatelining.Withregardtothepressuretunnelwithhighinternalwaterpres-
sure,thenecessityofarrangingthewater-tightcurtainanddrainagefacilitiesatthetailendof
thereinforcedconcreteliningshallbestudied.

8.2.4.3 Tunnelswithnoliningandtunnelswithsupportinganchorageandshotcreteshallmeetthe
followingrequirements.

a) Thetunnelintheintegral,hardrockmasswithlowpermeabilitymaynotbelinedupontechnical
andeconomicanalysisifthewaterflowinthetunnelwillnotdamagetherock,andtheoutward
seepageofinternalwaterwillnotinfluencethestabilityoftheadjacentstructures,thesurround-
ingrocksandthehillside.Appropriatereinforcementmeasuresshallbetakenfortheentrance/

exitofthenon-liningtunnelandthetunnelsectionwithspecialrequirements.Thefloorofthe
non-linedtunnelshallbelevelledwithconcrete.Therockcollectingtrapsshallbearrangedfor
thewaterdiversionandpowergenerationtunnelwithoutlining.Theposition,volume,depth
andnumberoftrapsmaybedeterminedaccordingtothelength,geologicalconditionsandhy-
draulicconditionsoftunnelsectionaswellasthecleaningconditions.

b) Iftheexcavationofthenon-liningtunnelisperformedbytheborehole-blastingmethod,the
smoothblastingprocessshallbeused;thequalityrequirementsforsmoothblastingincludethe
following.

1) Boththeradialover-excavationvalueandthefluctuationdifferenceoftheexcavatedrock
surfaceshallbelessthan0.2m.

2) Theblastholetracesshallbeuniformlydistributedontheexcavationsurroundingsurface,

andtheretentionrateoftheblastholetracesshallnotbelessthan70%.Theretentionrate
oftheblastholetracesreferstothepercentageoftheratiobetweenthequantityofblast
holeswithtracesandthetotalquantityofthesurroundingblastholes.

3) Thereshallbenoobviousblastingcracksinthesurroundingrocks.

4) Under-excavationshallnotoccur.
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c) Forthetunnelsectionwheretherockmassisrelativelyintegral,andhardbuthasrelativelypoor
weatheringresistanceandanti-seepageperformanceandtheoutwardseepageofinternalwater
willnotcausedeteriorationofthesurroundingrocksorresultinanadversesequence,theshot-
creteboltliningmaybeadoptedupontechnicalandeconomicanalysis.

d) Thefollowingshotcreteboltliningpatternsmaybeselectedaccordingtothesurroundingrock
conditions,operatingcharacteristicsofthetunnelaswellasthefunctionsandrequirementsof
shotcreteboltlining:

1) shotcretelining;

2) combinedliningofshotcreteandanchorbolt;

3) combinedliningofshotcrete,anchorboltandbar-matreinforcement;

4) combinedliningofshotcreteanchorageandconcreteorreinforcedconcrete.

e) Thebondingstrengthbetweentheshotcretelayerandthesurroundingrocksshouldnotbeless
than0.8MPainthesurroundingrocksofcategoryIIIorhigher.Thethicknessoftheshotcrete
liningshouldnotusuallybelessthan50mm,andthemaximumthicknessshouldnotbegreater
than200mm.Theshotcretecompressionstrengthshouldnotbelowerthan20MPa.

f) Therelativelyunstablesurroundingrocksshouldbereinforcedwiththecombinedliningofshot-
creteandanchorbolt.Thepartiallyunstablerockblocksmaybereinforcedwithasuspended
mortaranchor,andtheanchorboltshallbeverticaltotherocksurface,thelengthoftheboltin
thestablesurroundingrockshouldbe40to50timestheanchorboltdiameterandtheanchorbolt
diametershouldnotbelessthan16mm.Withregardtothesurroundingrockswithrelatively
poorintegralstability,therockboltsystemshouldbeused.Thediameteroftheanchorbolt
shouldnotbelessthan16mmandthelengthshouldbe2mto4m;andthefollowingprovisions
shallbeobserved.

1) Theanchorboltsshallbeverticaltothemainstructuralsurface;whenthemainstructural
surfaceisnotobvious,itmaybeverticaltothecontourlinearoundthetunnel.

2) Thepositionsonthesurroundingrocksurfaceshouldbearrangedinquincunx.

3) Thespacingbetweentheanchorboltsshouldnotbegreaterthanhalfofitslength,andshall
notbegreaterthan1.25mfortheunfavourablesurroundingrock.

g) Thesurroundingrockswithdevelopedstructureandfissuresshouldbelinedincombinationform
oftheshotcrete,anchorboltandbar-matreinforcement.Thelayoutofthebar-matreinforce-
mentshallcomplywiththefollowingprovisions.
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1) Thediameterofthelongitudinalreinforcementofthebar-matreinforcementshouldbe
6mmto10mmandthediameterofthecircumferentialreinforcementshouldbe6mmto
12mm.

2) Thematspacingshallbe200mmto300mm.

3) Thethicknessoftheshotcreteprotectivelayerforthebar-matreinforcementshallnotbe
lessthan50mm.

4) Theconnectionbetweenthebar-matreinforcementandtheanchorboltshouldbefixedby
welding.

5) Theintersectionofthebar-matreinforcementshallbefirmlyfastened(itisrecommended
toweldthemtogetherattheintervalandfastenthemtogetherattheinterval).

h) Theentrance/exitofthetunnelwithshotcreteanchorage,andthepositionsinfrontandbehind
thesluicechambershallbelinedwithconcreteorreinforcedconcrete;thelininglengthshallbe
determinedaccordingtothespecificconditions,andshouldnotbelessthan2to3timesthe
tunneldiameter(ortunnelwidth).

8.2.4.4 Thegrouting,anti-seepageanddrainageofthetunnelliningshallmeetthefollowingre-
quirements.

a) Thetopoftheconcreteandreinforcedconcreteliningshallbebackfilledandgrouted.The
scope,holespacing,rowspacing,groutingpressureandgroutdensityofthebackfillingand
groutingshallbedeterminedthroughanalysisaccordingtothetypeofliningstructure,working
conditionsinthetunnelandtheconstructionmethod.

b) Thescopeofthebackfillingandgroutingshouldbewithin90°to120°ofthecentralangleofthe
toparch,thespacingbetweenholesandrowsshouldbe2mto6m,thegroutingpressure
shouldbe0.2MPato0.3MPaandthedepthofthegroutingholeinthesurroundingrocksshallbe
atleast50mm.

c) Theconsolidationgroutingofthesurroundingrocksshallbedeterminedthroughtechnicaland
economiccomparison.Theparametersoftheconsolidationgroutingmaybedeterminedthrough
engineeringanalogyorfieldtest.Thespacingbetweentherowsshouldbe2mto4mandat
least6holesshouldbearrangedononerowandlaidoutsymmetrically.Theholedepthinthe
surroundingrocksshouldbeaboutthelengthofthetunnelradius.Thegroutingpressureshould
be1.5to2.0timestheinternalwaterpressure.

d) Intheanti-seepageanddrainagedesignofthetunnel,theplugging (suchasliningand
grouting),retaining(suchasanti-seepagecurtain)andmeasureddraining(suchasthedrainage
holesanddrainagegallery)shallbeselectedthroughcomprehensiveanalysisaccordingtothe
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engineeringgeology,hydrogeologyanddesignconditionsofthesurroundingrocksalongthe
routeofthetunnelandwithallusiontothespecificsituationforthepurposeofimprovingthe
liningstructureandworkingconditionofthesurroundingrocks.

e) Thedrainageholesmaybearrangedinthenon-pressuretunnel.Thespacingbetweendrainage
holes,thespacingbetweenrowsandtheholedepthshallbedeterminedthroughanalysisac-
cordingtothehydrogeologicalconditions.Thespacingbetweenholesandthespacingbetween
rowsshouldbe2mto4m,andtheholedepthintherockstratumshouldbe2mto4m.

f) Withregardtothepressuretunnelwhoseliningdesigniscontrolledbytheexternalwaterpres-
sure,thedrainagemeasuresshouldbetakentoreducetheexternalwaterpressureintensity,

buttheoutwardseepageofinternalwatershallbeavoided.

g) Withregardtotunnelswithoutconcreteliningbutonlywithshotcreteboltlining,necessaryan-
ti-seepagemeasuresshallbetakenattheexitfromthepressuretunnelatthepositionwherethe
coveringthicknessofthesurroundingrockabovethetunneltopislessthantheinternalwater
pressureheadforthetunnelsectionwithsurroundingrocksofcategoriesIVandV,andatthe
positionwherethethicknessofthesurroundingrocksclosetothehillbankislessthan1.5times
theinternalwaterpressurehead;meanwhile,attentionshallbepaidtotheinstabilityofthe
surroundingrockandhillside.

8.3 Waterdiversionchannelandforebay

8.3.1 Generalprovisions

8.3.1.1 Iftheleveecrestheightoftheself-regulatingchannelremainsunchangedalongthechannel
lengthandthechannelbottomextendsalongthechannelatacertaingradient,theoverflowweirmay
notbearrangedattheendofthechannel.Withregardtotheself-regulatingchannel,thebulkhead
gateshouldbearrangedatthewaterintake.Iftheleveecrestelevationofthenon-self-regulating
channelreducesalongthechannellength,anditsgradientisconsistentwiththechannelbottomgra-
dient,thereleasestructuresuchastheoverflow weirshouldbearrangedintheforebayatthetail
endofthechannel.Withregardtothenon-regulatingchannel,theservicegateandthebulkheadgate
shallbearrangedatthewaterintake(orthegateslotmaybereserved).

8.3.1.2 Withregardtotheselectionofthewaterdiversionchanneltypes,theself-regulatingchan-
nel,non-self-regulating channelorchannel mixed with self-regulating and non-self-regulating
functionsshallbeselectedthroughtechnicalandeconomiccomparisonincombinationwiththetopo-
graphical,geological,constructionandoperationalconditionsaswellasthegenerallayoutofthe
project.

8.3.1.3 Self-regulatingchannelmaybeadoptedifthefollowingrequirementsaremet.

a) Thewaterlevelchangeofthechannelwaterintakeissmall,thechannelisrelativelyshort,the
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longitudinalgradientofthechannelbottomissmallandmostofthechannelisexcavated.

b) Theconditionsforthebuildingreleasestructureisunavailable.

c) Theoperationrequirestheuseofstorewaterastheregulatingcapacityofthehydropowersta-
tion.

d) Inthedesignofthewaterdiversionchannelandforebay,theissuesonfloodcontrol,trashpre-
vention,anti-seepage,sedimentpreventionandiceresistanceshallbetreatedproperly.

e) Withregardtothechannelsectionnearthewaterintake,theprotectionscopeandthecorre-
spondingengineeringmeasuresshallbedeterminedforthefloodcontrolofouterslopeaccording
totheflooddischargesituation.

8.3.2 Layoutprinciplesforthechannelandforebay

8.3.2.1 Thechannelrouteshouldbestraightasfaraspossible,andshouldbeselectedattheplace
wheretheexcavationandfillingarebasicallybalanced;ifimpossible,thehighfillinganddeepexca-
vationzoneshallbeavoidedasfaraspossible,andtheturnshallnotbesharp.Withregardtothelin-
ingchannel,thecurveradiusshallnotbelessthan2.5B(Breferstothewatersurfacewidthofthe
channel);withregardtoaunlinedchannel,thecurveradiusshallnotbelessthan5B.

8.3.2.2 Inmountainousandhillyareas,channelroutesshallbelaidoutalongthecontourline.When
thechannelgoesthroughavalleyorridge,theextensivefilling,deepexcavation,bypassing,aque-
ductandtunnellingschemesshallbecompared,andtheoptimaloneshallbeselected.Thechannel
shallbeorthogonaltotheroadandtheriver.

8.3.2.3 Thechannelrouteshallbekeptawayfromtheregionwithseriousleakage,quicksand,mud
land,landslidesandarockstratumthatisdifficulttoexcavate.Severalschemesmaybeproposed
andcomparedwhennecessary,forexample,keepingawayfromthelandslideareabybypassingand
backfilling,reducingseepagewithanti-seepagemeasures,crossingquicksandareawithboxculvert
andensuringsafeoperationofthechannelwithconcreteorreinforcedconcretelining.

8.3.2.4 Toimprovetheconstructionconditionsandensuretheengineeringquality,thetransporta-
tion,waterandpowersupply,mechanicalconstructionsite,soilborrowingandspoilgroundforthe
constructionshallbecomprehensivelyconsidered.

8.3.3 Layoutofstructuresonthechannel

8.3.3.1 Thereleasestructureshouldemploythesideweirtype.Thesideweirshouldbelaidoutin
theforebay(oratthepositionclosetotheforebay)orthepositionwherethechannelcrossesthe
gully.
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8.3.3.2 Thehydraulicdesignoftheweirshallmeetthefollowingrequirements.

a) Withregardtothewaterdiversionchannel,thecrestelevationofthesideweirshallbe0.1mto
0.2mhigherthantheoverflow watersurfaceelevationwhenthehydropowerstationoperates
normallyatdesignflow.

b) Theweircrestlengthandaveragewaterheadinfrontoftheweirshouldbedeterminedthrough
calculationandcomparison.

c) Waterflowingthroughtheweirshallbekeptflowingfreely,andthesidechannelorsteepchan-
nelforwaterdischargeandnecessaryenergydissipationandtheerosioncontrolfacilitiesshould
belaidoutbehindtheweiraccordingtotheactualconditions.

d) Practicalcross-sectionweirorthetrapezoidalweirorvacuumsectionweirmaybeused.

e) Theguidewallsonbothsidesofthesideweirshallmeettherequirementsofkeepingthewater
flowsmooth.

8.3.3.3 Tomeettheoverhaulrequirementsofthechannel,thedrainageholesshallbearranged.The
drainageholesshouldbecombinedwiththesedimentdischarging,irrigation,andwatersupplyfacili-
ties.

8.3.3.4 Whenthechannelisrelativelylongandalotoftrashentersthechannelalongtheroute,ad-
ditionaltrashretainingandcleaningfacilitiesshouldbearrangedattheappropriatepositions.

8.3.3.5 Effectivesedimentdischargingfacilitiessuchasthesedimentdischargingvortexpipe
shouldbearrangedinthechanneltohandlethesediment(mainlybedload)inthechannel.

8.3.3.6 Necessarysafetyandmobilityfacilitiesshallbearrangedalongtherouteofthewaterdiver-
sionchannel.

8.3.4 Designofthelongitudinalgradientandcross-sectionofthechannel

8.3.4.1 Thelongitudinalsectiondesignofthechannelincludes:determiningthelongitudinal
gradientofthechannel,thenormalwaterline,minimumwaterline,maximumwaterline,elevation
ofthechannelbottom,groundlevelalongtherouteofchannelandtheelevationoftheleveecrest.

8.3.4.2 Thefollowingprinciplesshallbepaidattentiontowhenselectingthelongitudinalgradientof
thechannel.

a) Groundgradient:thelongitudinalgradientofthechannelshallbeclosetothegroundgradientas
muchaspossible.
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b) Geologicalconditions:withregardtothechannelpronetoscouring,thelongitudinalgradient
shouldbegentle;withregardtothechannelwithfavourablegeologicalconditions,thelongitu-
dinalgradientmaybeappropriatelyincreased.

c) Flowmagnitude:whentheflowisstrong,thelongitudinalgradientshouldbegentle,whenthe
flowislow,thelongitudinalgradientshouldbeslightlysteeper.

d) Sedimentconcentration:whenthesedimentconcentrationofthewaterflowislow,attention
shallbepaidtoscouringprevention,andthelongitudinalgradientshouldbegentle;whenthe
sedimentconcentrationishigh,attentionshallbepaidtothesiltingprevention,andthelongitu-
dinalgradientshouldbesteep.

e) Waterhead.

8.3.4.3 Thesectionsizeofthechannelshallbedeterminedthroughhydrauliccalculationaccording
totheoperatingrequirements.Thesectionshallbedesignedaccordingtothedesignflow and
checkedaccordingtotheincreasedflow.

8.3.4.4 Reasonablechannelsectiondesignshallmeetthefollowingrequirements.

a) Thewater-bearingcapacityshallbesatisfythewaterdemands.

b) Thewaterlevelshallsatisfytherequirementsofirrigationbygravity.

c) Theflowvelocityinthechannelshallavoidscouringorsiltingofthechannelandrealizingaperi-
odicalscouringandsiltingbalance.

d) Thesideslopeshallbestabletoensuresafeoperationofthechannel.

e) Thesectionformshallbereasonabletoreduceseepageandotherlosses,andimprovethewater
utilizationcoefficient.

f) Itshouldmeettherequirementsofcomprehensiveutilizationandbespecializedinmanyfields.

g) Theengineeringamountshallbeaslittleaspossible.

8.3.4.5 Thechannelshouldemploythetrapezoidcross-section.Theleveecrestshallreserveacer-
tainwidthandfreeboard.

8.3.4.6 Theselectionscopeofthedesignflowvelocityforthewaterdiversionchannelofthehy-
dropowerstation:theflowvelocityshouldbe1m/sto2m/sforthelinedchannelandbe0.6m/sto
0.9m/sfortheearthchannel.
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8.3.4.7 Thewaterdiversionchannelofthehydropowerstationshallbelinedwithdurablematerials
withgoodanti-seepageperformanceaccordingtothelocalconditions.

8.3.5 Forebaydesign

8.3.5.1 Theforebayshallbecomposedofafrontchamber,intakechamber,pressurewall,release
structure,sedimentdischarging,iceretainingandicedischargingstructures.Intheplanelayout,the
centrelineofthewaterintakeofthehydropowerstationshouldcoincidewiththecentrelineofthe
waterdiversionchannel.Theforebaydesignshallmeetthefollowingrequirements.

a) Theintakechambershouldbewideranddeeperthanthechannel;thechannelshouldbeconnect-
edtotheforebaybodywithtransitionaldiffuser(frontchamber).

b) Thereleasestructureshallpreventthewaterintheforebayfromoverflowingtheleveecrown.

c) Theiceretention,theicechuteandscouringgalleryshallpreventthehazardsofsediment
andice.

8.3.5.2 Thelayoutoftheforebayshallbecompactandreasonabletoensuresmoothwaterflow,

flexibleandreliableoperationandasafeandeconomicalstructure.

8.3.5.3 Theforebayshouldbelaidoutontheupperpartofthesteepslope;specialattentionshall
bepaidtothefoundationstabilityandanti-seepageproblemstoensurethestabilityoftheforebay.It
shouldbeclosetothepowerhouse.

8.3.5.4 Theplanediffusionangleβofthechannelconnectingtotheforebayshouldnotbegreater
than10°to15°.

8.3.5.5 Theheightoftheflooratthetailendofthefrontchambershallbe0.5mto1.0mlower
thanthefloorelevationoftheintakechamber.

8.3.5.6 Whenthecenterlineofthechannelisinconsistentwiththecenterlineofthepenstock,the
gentleconnectioncurveandtheguidewallmaybeadopted.Thewidthofthefrontchambershould
beabout1.0to1.5timestheintakechamberwidth,andthelengthshouldbe2.5to3.0timesthe
width.

8.3.5.7 Whentherearemorethantwopenstocks,theintakechambershallbeseparatedinto
severalindependentintakechamberswithseparatingpiers;thetrashrack,bulkheadgate,service
gate,hoist,bypasspipe,ventholeandservicebridgeshouldbearrangedineachintakechamber.

8.3.6 Hydrauliccalculation

8.3.6.1 Thehydrauliccalculationincludes:
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a) hydrauliccalculationofthesteadyflowandunsteadyflowofthewaterdiversionchannelandthe
forebaysystem;

b) hydraulicdesignandenergydissipationcalculationforthereleasestructure;

c) hydraulicdesignandcalculationforthedesiltingstructure;

d) hydrauliccalculationofotheroverflowingstructures.

8.3.6.2 Channeldesignflowshallincludethemaximumdiversionflowofthehydropowerstationas
wellastheleakageandevaporationlossofthechannel.Thedesignflowofthecorrespondingchannel
sectionmaybeincreasedwhennecessary.

8.3.6.3 Thewaterlevelofthehydropowerstationduringitsnormaloperationatdesignflowshall
beusedasthenormalwaterleveloftheforebay.Inthiscase,thechannelsystemshalloperateinthe
uniformflowornearlyuniformflowregime.

8.3.6.4 Themaximum waterlevelintheforebayandthechannelshallbedeterminedaccordingto
themaximumsurgewaterlevelwhenthehydropowerstationcastsoffalltheloadssuddenlyinthe
normaloperatingprocessatdesignflow.Withregardtotheself-regulatingchannel,itreferstothe
maximumsurgewaterlevelattheendofthechannelobtainedfromthenon-steadyflowcalculation;

withregardtothenon-self-regulatingchannel,itreferstothecorrespondingwaterlevelwhenthe
overflowweirdischargesthemaximumflow.

8.3.6.5 Theminimumwaterlevelintheforebayandthechannelshallbedeterminedinaccordance
withanyofthefollowingconditions:

a) theminimumwaterdiversionflowforpowergenerationinthedryseasonofthedesignfrequen-
cy,whenthechanneloperatesnormally;

b) whenthechannelisrequiredtodischargeiceinwinter;

c) atthelow waterlevelwhenthewaterlevelintheforebaydropssuddenlyduetosuddenin-
creaseoftheturbineload,theminimumoperatingwaterlevelshallbedeterminedaccordingto
theoperationalrequirementsofthehydropowerstationtoensurethesubmergeddepthrequired
bytheintakechamber.

8.3.6.6 Undernormaloperatingconditionsofthedesignflowofhydropowerstation,theprismatic
channelshallbecalculatedaccordingtotheuniformflowofopenchannel;withregardtothenon-

prismaticchannel,theconstantandslowvaryingflowofopenchannelshallbecalculated.
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8.3.7 Channelanti-seepagedesign

8.3.7.1 The channelanti-seepage materialsshouldincludesoil,cemented soil,masonry,

membrane,bituminousconcreteandconcrete,among which,limesoil,three-elementmixture,

four-elementmixtureandcementedsoilshouldbeusedforthechannelanti-seepageworksinthe
mildregion.

8.3.7.2 Thechannelanti-seepageworksshallbeinlinewiththeprinciplesofadjustingthemeasures
tothelocalconditionsandusinglocalmaterials.Theconstructionqualityshallbeguaranteedtomeet
therequirementsofanti-seepagedesign.Meanwhile,themanagementshallbeenhancedtoensure
thedesignedservicelifeandimprovethebenefits.

8.3.7.3 Thechannelanti-seepageworksshouldbeconstructedduringthewarmseasons.

8.3.7.4 Thesoilmaterialsforthechannelanti-seepageworksshallmeettheprovisionsofTable21.

Table21 Technicalrequirementsofanti-seepagesoilmaterial

Items

Cohesivesoil,

burnt-onsand
mixture

anti-seepage

Limesoil,

three-elementmixture
andfour-elementmixture

anti-seepage

Membrane
anti-seepagesoil

protectivelayerand
transitionlayer

Cementedsoil
anti-seepage

Claygraincontent(%) 20~30 15~30 3~30 8~12

Sandgraincontent(%) 10~60 10~60 10~60 50~80

PlasticityindexIp 10~17 7~17 1~17 /

Maximumparticlesizeofthe
soilparticles(mm)

<5 <5 <5 <5

Organiccontent(%) <3.0 <1.0 / <2.0

Solublerockcontent(%) <2.0 <2.0 <2.0 <2.5

Contentofcalichenodule,

treerootandgrassroot
Unacceptable Unacceptable Unacceptable Unacceptable

8.3.7.5 Thebenchmarkmixproportionofsoilmaterialshouldmeetthefollowingrequirements.

a) Themixproportionoflimesoilmaybelime:soil=1∶3to1∶9.Whenused,thelimedosage
shallbeincreasedordecreasedasappropriateaccordingtothelengthofthelimestorageperiod,

anditsvariationscopeshouldbecontrolledwithin±10%.

b) Themixproportionofthethree-elementmixturemaybelime:totalweightofthesoilandsand
=1∶4to1∶9,wherethesoilweightshouldbe30%to60% ofthetotalweightofsoiland
sand;withregardtotheclaysoilwithahighliquidlimit,thesoilweightshouldnotbemore
than50%ofthetotalweightofsoilandsand.
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c) Whenthefour-elementmixtureisused,itmaybepreparedbyadding25%to35%cobbleor
macadamonthebasisofthemixproportionofthethree-elementmixture.

d) Intheclaysandmixture,theratiobetweenclaysoilwithahighliquidlimitandthetotalweight
ofthesandandsoilshouldbe1∶1.

8.3.7.6 Theoptimum moisturecontentofthelimesoilandthethree-elementmixturemaybese-
lectedaccordingtothefollowingrequirements.

a) Itmaybe20%to30%forthelimesoil.

b) Itmaybe15%to20%forthethree-elementmixtureandthefour-elementmixture.

c) Itshouldbecontrolledwithin±4%oftheplasticlimitfortheplainsoilandburnt-onsandmix-
ture.

8.3.7.7 ThefrostresistantgradeofthecementshouldnotbelessthanF12.Thecementdosage
shouldbe8%to12%andtheanti-seepagecoefficientshouldnotbegreaterthan1×10-6 mm/s.

8.3.7.8 Thethicknessofthedarkplasticmembraneshouldbe0.2mmto0.6mm.Inthecoldandse-
verecoldregions,thepolyethylenemembranemaybeusedinpreference.

8.3.7.9 Thethicknessoftheanti-seepagestructureofthechannelshouldbedeterminedaccording
toTable22.

Table22 Suitablethicknessofanti-seepagestructureofchannel

Categoryofanti-seepagestructure Thickness(mm)

Soilmaterial
Clay(tamped) ≥300

Limesoilandthree-elementmixture 100~200

Cementedsoil 60~100

Masonry

Drylaidcobble 100~300

Stoneblockswithcementmortar 200~300

Dressedstonewithcementmortar 150~250

Slabstonewithcementmortar >30

Buriedmembranematerial
(protectivelayerofsoil

material)

Plasticfilm 0.2~0.6

Cushionlayer(clay,sandandlimesoil)

belowmembranematerial
30~50

Protectivelayerofsoilmaterialabove
membrane(tamped)

400~700

Bituminousconcrete
Cast-in-place 50~100

Precast+paving 50~80
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Table22(continued)

Categoryofanti-seepagestructure Thickness(mm)

Concrete

Cast-in-place(withoutreinforcement) 60~120

Cast-in-place(equippedwith
reinforcement)

60~100

Precast+paving 40~100

Constructionbyinjectionprocess 40~80

8.4 Channelstructure

8.4.1 Aqueduct

8.4.1.1 Thelayoutofaqueductshallmeetthefollowingrequirements.

a) Theaqueductisanopenflowoverheadwaterconveyancestructureofthechannelforcrossing
theriver,ditch,channel,roadorlow-lyingland,andshouldcomposedoftheinlet/outletcon-
nectionsection,aqueductbodyandstructuralsupport.Itsworkingconditionsanddesignre-
quirementsshallmeettherequirementsoftheplanninganddesigningoftheentirediversion
works.

b) Thelayoutoftheaqueductshallbedeterminedthroughtechno-economiccomparisonaccording
totopographicalandgeologicalconditions,projectscaleandgenerallayoutrequirementsofthe
project.Thelayoutoftheaqueductshallbeabletoshortentheaqueductbodylength,reducethe
amountoffoundationengineering,andlowerthepierbracketheight.

c) Theaxisoftheaqueductshallbeshortandstraight,theinletandoutletshallavoidsharpturns
andshallbelaidoutontheexcavatedchannel.

d) Theaqueductacrosstherivershallbeatastablesitewithastraightwaterflow.

8.4.1.2 Structuraloftheinlet/outletsectionsshallmeetthefollowingrequirements.

a) Thelayoutoftheinlet/outletsectionsshallmakethechannelwaterflowsmoothlyintotheaque-
ducttoavoidscouringandreduceheadloss.

b) Channelinfrontofandbehindtheaqueductinletandoutletshallhaveacertainlengthofstraight
section,whichissmoothlyconnectedtotheaqueductbody.Intheplanelayout,sharpturns
shallbeavoidedtopreventdeteriorationofthewaterflowcondition,whichwillaffectthenor-
malwaterconveyanceandcausethescouringphenomenon.

c) Thetransitionsectionsshouldbearrangedattheinletandoutletoftheaqueduct.Thepatterns
241

SHP/TG002-5:2019



ofthetransitionsectionsmayincludethewarpedsurface,invertedwingwallandsplayedwall.

d) Thereliableriverbottomandslopeprotectionshallbearrangedintheinletandoutletsection.

8.4.1.3 Aqueductbodystructureshallmeetthefollowingrequirements.

a) Thedepth-widthratiooftheflowcross-sectionoftheaqueductshouldbeh/B=0.6to0.8.

b) Thespanandsupportingtype(simplesupportordoublecantilever)oftheaqueductshouldbe
determinedaccordingtotheflow,topographicalandgeologicalconditions,andconstruction
conditions.

c) Thespanoftheaqueductwiththesimplysupportedbeamshouldbe10mto15m;thelengthof
eachsectionoftheaqueductwithdoublecantilevershouldbe20mto30m;accordingtotheac-
tualsituation,theaqueductmaybelaidoutintotheaqueductwiththeequalspananddouble
cantilever,theaqueductwiththeequalbendingmomentandthedoublecantileverortheaque-
ductwiththeunequalspan,unequalbendingmomentanddoublecantilever.

d) Thethicknessofthesidewallandflooroftheaqueductshallmeetthestrengthandanti-crackre-
quirements,andshallbedeterminedthroughstressanalysis.

● Thesidewallshouldbeusedconcurrentlyasthelongitudinalbeam,andshallmeetthelongi-
tudinalstabilityrequirement.

● Withregardtotherectangularaqueductwithcrossbar,theratiobetweenthesidewall
thicknesstandthewallheightHshouldbet/H=1/12to1/16;withregardtotheribbed
aqueductwithoutcrossbar,thewallthicknessmaybeappropriatelyreduced,butshouldnot
belessthan150mm;withregardtotherib-lessaqueductwithoutcrossbar,thesidewall
thicknessshallbeappropriatelyincreased,shouldbevariablebutthe walltopthickness
shouldnotbelessthan150mm.

● Thethicknessoftheaqueductfloorshouldbethesameasthatofthesidewallbottom;with
regardtotheaqueductwithmultiplelongitudinalbeam,thefloorthicknessmaybelessthan
thethicknessofthesidewallbottom.

● Supplementaryangleshouldbeadditionallyaddedattheintersectionbetweenthesidewall
andthefloor.Thewidthandheightofthesupplementaryangleshouldbe200mmto300mm.

e) Thespacingbetweenthecrossbarsoftherectangularaqueductwithcrossbarshouldbe1.5m
to2.5mandthesidelengthofthecrosssectionshouldbeabout200mm.

f) Thespacingbetweenthetransverseribsofthenon-barribbedaqueductshallmeettherequire-
mentsthatthesidewallandtheaqueductfloorbecometwo-wayslabs.
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● TheratioH/L1ofsidewallheightHandthespacingintervalofribsL1andtheratioB/L1of
aqueductfloorwidthBandthespacingintervalofribsL1shouldbe1.0to2.0.

● Theribwidthshouldnotbelessthanthethicknessofthesidewallandtheaqueductfloor,

andthenetthicknessoftheribshouldbeequaltoorslightlymorethantheribwidth.

● Ifthesidewallandtheaqueductfloorneedtobecomethesupportingplatewithfourfixed
edges,thetopandbottomthicknessofthesidewallshouldbepartiallyincreased,andthe
rigidityofthesidewalltop,bottomandtheribshallbemorethan8timestheslabrigidity.

g) Theextendedsidewalkcantileverslabshouldbearrangedonthetopofthesidewalloftherec-
tangularaqueductwithoutcrossbar,withathicknessof60mmto100mmandawidthof700
mmto1000mm.Thesidewalkslaboftheaqueductwithcrossbarshouldbeplacedonthe
crossbar.

h) Thethicknessofthesidewall,thetopslabandthefloorofthebox-typeaqueductshouldmostly
beequal,andshouldnotbelessthan300mm.

i) Thefreeboardofthesidewallshallbedeterminedaccordingtotheflowandtheoverallplanning
requirements,andshouldbeequaltoorslightlymorethanthefreeboardoftheupstreamand
downstreamchannels.

8.4.1.4 Hydrauliccalculationshallmeetthefollowingrequirements.

a) Thehydrauliccalculationoftheaqueductshalldeterminetheflowcross-sectionshapeandthe
dimensionoftheaqueduct,thelongitudinalgradientoftheaqueductbottomandtheelevationof
theinlet/outlet,andverify whethertheheadloss meetstheplanningrequirementsofthe
channelsystem.

b) Theflowcross-sectiondimensionofaqueductshouldbedesignedinaccordancewiththedesign
flow,checkedinaccordancewiththemaximumflowandcalculatedwithhydraulicformula.

c) WhenthelengthoftheaqueductL≥ (15to20)h (hreferstothewaterdepthintheaque-
duct),thedimensionshouldbecalculatedinaccordancewiththeopenchanneluniformflowfor-
mula.WhenL< (15to20)h,thedimensionmaybecalculatedinaccordancewiththeformula
forsubmergenceofthebroad-crestedweir.

d) Whenthelongitudinalgradientoftheaqueductisdeterminedfirst,itisadvisabletoadopti=1/

500to1/1500,andflowvelocityintheaqueductis1m/sto2m/s.

8.4.2 Invertedsiphon

8.4.2.1 Thelayoutoftheinvertedsiphonshallmeetthefollowingrequirements.
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a) Theinvertedsiphonshouldbecomposedoftheinletsection,pipebodysectionandoutletsec-
tion.Itsworkingconditionsanddesignrequirementsshallmeettherequirementsoftheplanning
designfortheentirediversionworks.

b) Thepipelinelayoutshallbedeterminedthroughtechnicalandeconomiccomparisonaccordingto
thetopographicalandgeologicalconditions,projectscaleandgenerallayoutofworks.

c) Thepipelineshallbeselectedintheregionwithexcellenttopographicalandgeologicalcondi-
tions,andshallbekeptawayfromthelandslide,collapseorareaspronetoundergroundwater
hazards.

d) Ontheverticalface,thepipelineshallavoidconvexphenomenon.Ifitisimpossibletoavoid,a
ventvalveshallbearrangedontheappropriatepositionsofthepipeline.

e) Thepipelineshallbeequippedwithfacilitiessuchasscouring,drainingandmanualoverhaulfa-
cilities.Theliftingpipeshallalsobelaidouttofacilitatetheremovalofpipejoints.

f) Thepipelineandinlet/outletsectionsshouldbelaidontheexcavatedfoundation.

g) Thecurveradiusofthecircularpipelineshouldnotbelessthan3timesthepipediameter.The
planecurveandtheverticalcurveclosetoeachothershouldbecombinedintoathree-dimen-
sionalcurve.Thebendandthetransitionsectionclosetoeachothershouldbecombinedintoa
transitionbendsection.

h) Inthecoldregion,necessaryanti-freezingmeasuresshallbetakenaccordingtotheanti-freezing
designrequirements.

i) Theburialdepthoftheburiedpipeshallmeetthefollowingrequirements.

1) Thermalinsulation:thepipetopshallbeatleast0.5mto0.8mbeneaththesoillayer.

2) Anti-freezing:thepipetopshallbeatleast1.0mto1.5mbeneaththelayeroffrozensoil.

3) Anti-scouring:thepipetopshallbeatleast0.5mbeneaththescouringline.

4) Buriedpipebeneathroadorchannel:thepipetopshallbeatleast1.0mbeneaththeroad
surfaceorchannelbottom.

5) Ploughlayer:thepipetopshallbebelowtheploughlayer(thedepthofthetractor-ploughed
ploughlayershouldbe0.6mto1.0m).

8.4.2.2 Theinlet/outletsectionsstructureshallmeetthefollowingrequirements.
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a) Intheinlet/outletsections,thestructuresincludingthegritbasin,sedimentretainingsill,scou-
ringsluice,waterreleasegate,controlgate,stillingbasin,trashrack,andbell-mouthandtran-
sitionsectionshallbelaidoutaccordingtothespecificengineeringrequirements.

b) Thetypeandelevationofthestructuresattheinlet/outletshallensurethatthewaterflowat
thepipelineinletandoutletissubmergedflowtopreventthehydraulicjumpandfunnellingvor-
texfrombeingbroughtintotheairwhenpassingthroughdifferentflows.Theboundaryshallbe
smoothtoreducetheheadloss.

c) Thestructureconnectionslikethestillingbasinandthecontrolgatemaybearrangedattheinlet
andoutlet.

8.4.2.3 Thestructureofthepipebodysectionshallmeetthefollowingrequirements.

a) Thedesignofthepipebodysectionincludestheselectionofthesectionalpatternofthepipeline
aswellasthedimension,quantityandmaterialofthepipeline.

b) Theanchorblockshallbearrangedatthebendofthepipeline.

● Whenthestraightsectionofthepipelineisrelativelylong,theanchorblocksshouldbear-
rangedevery150mto200m.

● Whenthepipelineislaidoutontheslope,theanchorblocksshallbearrangedevery50mto
100mtopreventthepipebodysliding.

● Thespacingbetweenanchorblocksshallbedeterminedthroughcalculationinaccordance
withtopographicalandgeologicalconditions.

c) Theexpansion-subsidencejointsshallbearrangedbetweenthepipesections.

d) Jointtypebetweenpipesections:therearemainlyflatjointandsleevejointforcast-in-placere-
inforcedconcretepipe,theformerisusedforthepipelinewithrelativelylowhead;thesocket
andspigotjointismostlyusedforprecastpipeandpre-stressedpipe.

e) Thelengthofthecast-in-placeconcretepipesectionshouldbe15mto20monsoilfoundation
andbe10mto15monrockfoundation.Thelengthoftheprecastconcretepipesectionshould
belessthan5m.

8.4.2.4 Hydrauliccalculationshallmeetthefollowingrequirements.

a) Maintasksforhydrauliccalculationoftheinvertedsiphon:
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1) todeterminetheflowcross-sectionofthepipelineandquantityofpipeline;

2) todeterminethelayoutanddimensionoftheinlet/outletsections,aswellastheelevation
atvariouspositions;

3) toverifywhetherthedischargecapacity,headlossandwatersurfaceconnectionmeetthe
designrequirements.

b) Theflowvelocityintheinvertedsiphonshallbeselectedthroughtechnicalandeconomiccom-

parisonaccordingtotheallowableheadlossvalueandtherequirementsfornosiltinginthepipe.

1) Concretepipe:whenthedesignflowpassesthroughit,theaverageflowvelocityinthe

pipeshouldbe1.5m/sto3.0m/sandthemaximumvelocitymayreach4m/s;whenthe
minimumflowvelocityiscalculatedinaccordancewiththeminimumflow,theflowveloci-
tyinthepipeshallbegreaterthanthesediment-carryingflowvelocity.

2) Steelpipe:theflowvelocityshouldbe4m/sto6m/s.

c) Theheadlossoftheinvertedsiphonshallincludethelocalheadlossandthefrictionalheadloss.
Thelocalheadlossshallincludethelossesoccurringatthetrashrack,inlet,gateslot,transition
section,bend,pipejointandtheoutlet.

d) Thewaterflowintheinvertedsiphonshallbecalculatedaccordingtothepressurepipeflowfor-
mula.

e) Theinletandoutletoftheinvertedsiphonshouldbedesignedinaccordancewiththedesign
flowandthesubmergedflow,andthenthefollowingtwoworkingconditionsshallbeverified.

1) Whethertheflowattheinletandtheoutletisstillsubmergedwhenpassingthroughmedi-
umorsmallflow.

2) Whetherthewaterlevelelevationoftheinlet/outletchannelsandthetopoftheembank-
mentmeetthesafeoperationrequirementswhentheflowisincreased.

f) Whentheflowvelocityatthepipelineoutletisrelativelyhigh,thewatersurfaceconnection
shallbeverifiedwhentheflowincreases.Ifthereisaremotedrivetypeofwaterjump,the
connectionstructureofthestillbasinshallbearrangedattheoutlet.Iftheheaddifferencebe-
tweentheinletandoutletchannelsisgreaterthanthetotalheadlossofthepipelinewhenmedi-
umorsmallflowpassesthroughit,thewatersurfaceattheinletmaycausethehydraulicjump
whentheflowdropsinthepipe,leadtopulsationandaeration,andinfluencesafeoperation.In
thiscase,theinletandoutletdesignshallbecorrectedaccordingtothetotalheadloss.
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8.4.2.5 Structuralcalculationshallmeetthefollowingrequirements.

a) Theloadcombinationofthestructuraldesignoftheinvertedsiphonshallbecomprehensively
consideredaccordingtotheengineeringlayoutaswellasthemostdisadvantageousconditions
whichmightoccurduringtheoperationperiod,asshowninTable23.

Table23 Loadcombinationforstructuralcalculationofpipeline

Pip eline
Typ e

Load
co

m
bination

Basicload Specialload Remarks

Dead
weig ht

Full
p ip e

water
weig ht

Desig n
internal

water
p ressure

external
water

p ressure

Soil
p ressure

Ground
load

Te
m
p erature

load

Sno
w
load

Counter-force
of

supp ort

Check
internal

water
p ressure

Seismic
force

Exp osed
p enstock

Basic
combination

√ √ √ √ √ √

Special
combination

(I)
√ √ √ √ √ √

Special
combination

(II)
√ √ √ √ √ √ √

Buried
p ip e

Basic
combination

(I)
√ √ √ √ √ √ √ √

Basic
combination

(II)
√ √ √ √ √ √ Emptypipe

Special
combination

√ √ √ √ √ √ √

Buried
p ip e

in
river

bed

Basic
combination

(I)
√ √ √ √ √ √

Basic
combination

(II)
√ √ √ √

Pipeline
overhaul

period

Special
combination

√ √ √ √ √ √

b) Thestructureofthereinforcedconcretepipelineshallbedesignedaccordingtotherequirements
thatnocrackisallowed,andanti-crackandanti-seepagemeasuresshallbetaken.
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8.5 Penstock

8.5.1 Generalprovisions

8.5.1.1 Therouteofthepenstockshallmeetthegenerallayoutrequirements,andshallbedeter-
minedthroughtechnicalandeconomiccomparisonwithconsiderationgiventothetopographicaland

geologicalconditions.Therouteshouldbeshortandstraightsothatthewaterflowissmooth,the
headlossissmall,andtheconstructionandoperationaresafeandconvenient.

8.5.1.2 Thequantityofpenstocksshallbedeterminedthroughtechnicalandeconomiccomparison
accordingtothenumberofunits,lengthofthepipeline,installationstagesoftheunits,fabrication
andinstallationlevel,transportationconditions,topographicalandgeologicalconditions,operational
modeofthehydropowerstationanditspositionintheelectricalpowersystem.

8.5.1.3 Thepipediametershallbedeterminedthroughtechnicalandeconomiccomparison.Several

pipediametersmaybeprovidedaccordingtothelayoutandtheinnerpressurevariation.Butthedi-
ametersshouldnotvarytoomuch.

8.5.1.4 Thetopofthepenstockshallbeatleast2mbelowtheminimumpressureline.

8.5.1.5 Withregardtotheexposedpenstock,penstockindamandundergroundpenstockwithout
waterintakevalveinfrontoftheturbine,thefastgatevalveandnecessaryoverhaulfacilitiesshall
bearrangedattheheadendofthepenstock.Withregardtotheundergroundpenstock,theemergen-
cygatevalveshallbearrangedattheheadendiftheheadracefromthewaterintaketothepenstock
isrelativelylong,thepressureinthepenstockisrelativelyhighandtheburialdepthisnotdeep.

8.5.1.6 Theoverflowprotectiondeviceshouldbearrangedforthepenstock.

8.5.1.7 Thefastgatevalveoremergencygatevalveattheheadendofthepenstockshallbe
equippedwithremote(centralcontrolroom)andlocaloperationdeviceswhichshallhaveareliable

powersupply.

8.5.1.8 Theventhole(well)orventvalveshallbearrangedonthedownstreamsideclosetothe
fastgatevalveandtheemergencygatevalve,andtheventholeshallnotbeblockedbytheoutlet
waterflowofthefillingvalve.Theupperendoftheventholeshouldbeoutsidethehoistroomand
higherthanthecheckfloodlevel.

8.5.1.9 Thecurveradiusofthepenstockshouldnotbelessthan3timesthepipediameter.The

planecurveandverticalcurveclosetoeachothershouldbecombinedintoathree-dimensional
curve;thebendandthereducingpipeclosetoeachothershouldbecombinedintoareducingbend.
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8.5.1.10 Thedrainagefacilityshouldbearrangedatthelowestpointofthepenstock.

8.5.1.11 Thecompositionofthepenstockshouldmeetthefollowingprovisions.

a) Inadditiontothestructuralanalysisrequirement,theminimumthickness(includingthicknessof
theanti-corrosionlayer)ofthepipewallshallnotonlymeettherequirementsofstructuralanal-

ysis,butalsotakeintoaccounttherequirementsofthemanufacturingprocess,installationand
transportationtoensurethenecessaryrigidity.Theminimumthicknessofthepipewallshould
notbelessthan(D/800)+4mm(Dreferstothepipediameter,inmm)norlessthan6mm.

b) Onthepositionwithchangeinthepipewallthickness,theouterdiameteroftheexposedpen-
stockshouldremainunchanged,theinnerdiameteroftheburiedpenstockshouldremainun-
changedandthethicknessdifferenceofthepipewallshouldbe2mm.Whensteelplatesofdif-
ferentthicknessesarewelded,theconnectionofthethickerplateshallbeprocessedintoa1∶3
slopeifthethicknessdifferenceismorethan4mm.

c) Thespacingbetweencircumferentialweldsonthestraightpipeshallnotbelessthan0.5m.The
specialstructureslikethebranchpipeshallnotbelessthanthehighvaluesasfollows:

1) 10timesthepipewallthickness;

2) 0.3m;

3) 3.5 rt,rreferstothepiperadiusandtreferstothepipewallthickness.

d) Thebendanglebetweentheadjacentpipesectionsofthebendsectionshouldbelessthan10°.

e) Withregardtothereducingconicaltubeatthepositionwiththechangeindiameter,thecone-a-

pexangleshouldnotbegreaterthan7°.

8.5.2 Exposedpenstock

8.5.2.1 Thelayoutprinciplesfortheexposedpenstockincludethefollowing.

a) Therouteoftheexposedpenstockshallbekeptawayfromtheareaswherethelandslideorcol-
lapsemayoccur.Iftheindividualpipesectionmaynotavoidtheinfluenceoftorrentialflooding
andfallingrock,itmaybesolvedbytheexposedpenstockinthetunnel,undergroundpenstock
orburiedpenstockwithconcretewrapping.

b) Theemergencydrainageandanti-scourfacilitiesshallbeinstalled.
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c) Thebottomoftheexposedpenstockshallbeatleast0.6mabovethegroundsurface.

d) Theexposedpenstockshouldbemadeintosections.Theanchorblockshouldbearrangedatthe
bend,amongtheblocksthepenstockissupportedwiththebuttress.Theexpansionjointshould
bearrangedbetweentwoanchorblocks,andtheexpansionjointshouldbeonthedownstream
sideoftheanchorblock.

e) Ifthestraightpipesectionistoolong(aboutmorethan150m),theanchorblocksmaybear-
rangedalongthestraightpipesection.Ifthelongitudinalgradientofthepenstockisrelatively
gentle,theanchorblocksmaynotbenecessary,buttheexpansionjointshouldbearrangedin
themiddleofthissection.Theflexiblecushionringshouldbearrangedatthepositionwherethe
penstockpassesthroughtheupstreamwallofthemainpowerhouse.

f) Thespacingbetweensupportsshallbedeterminedthroughstressanalysisofthepenstockand
withconsiderationgiventotheinstallationconditions,supporttypesandfoundationconditions.
Thesupportsshouldbelaidoutatequalintervalsbetweentwoadjacentanchorblocks.The
spacingshouldbeshortenedforthespanwiththeexpansionjoint.Thecorrespondingstructural
measuresshallbetakenifthefoundationmayproduceunevensettlement.

g) ThetypeofbuttressmaybedeterminedaccordingtothepipediameterD:

1) saddlebuttress,ifD≤1mandthepenstockisnotequippedwithsupportingring;

2) saddlebuttress,ifD≤2mandthepenstockisequippedwithsupportingring;

3) lidingbuttress,ifD=1mto3mandthepenstockisequippedwithsupportingring;

4) rollingbuttress,ifD>2m;

5) swingingbuttress,ifD>2m.

h) Thespacingofboththeanchorblocksandthebuttressesshouldbeshortenedintheearthquake
regions.

i) Thedrainageditchesshallbelaidoutonbothsidesofthepenstock,andthetransversedrainage
ditchesshallbearrangedonthegroundbeneaththepenstock.Theaccessshallbebuiltalongthe
pipeline.

8.5.2.2 Therequirementsforthestructuralcalculationoftheexposedpenstockincludethefollow-
ing.

a) Thestructuralcalculationoftheexposedpenstockincludesthecalculationofthepipewallstress
andthecalculationofthecompressiveresistancestability,asshowninTable24.

151

SHP/TG002-5:2019



Table24 Loadcombinationforstructuralcalculationoftheexposedpenstock

Loadcombination

Load

Basiccombination Specialcombination

Normal
op erating

condition
I

Normal
op erating

condition
II

E
m
p ty

w
orking

condition

Sp ecial
op erating

condition

W
ater

p ressure
test

Construction
condition

Earthq uake
condition

Hydrostaticpressureatnormalreservoirlevel √

Maximumpressureundernormal
workingconditions

√

Maximumpressureundermaximum
workingconditions

√

Internalwaterpressureforwaterpressuretest √

Deadweightofthepenstockstructure √ √ √ √ √ √

Fullwaterweightinthepenstock √ √ √ √

Partialwaterweightinthepipewhenthe

penstockisfilledordrained
√

Forcecausedbytemperaturechange √ √ √ √

Waterpressureactingonthepositionwiththe
changeinthepipelinediameter,turnsandon
theplug,gatevalveandexpansioncoupling

√ √ √ √

Forcecausedbytheunevensettlement
oftheanchorblockandbuttress

√ √ √

Windload √ √

Snowload √ √

Constructionload √

Earthquakeload √

Airpressuredifferencecausedbythe
ventilationequipmentwhenthepipeline

isempty

√

b) Whentheinnerpressureisbornebythepenstockwithsupportingring,itsbasiccalculationpo-
sitionsincludethemid-span,theedgeofthestressareaonthepipewallnearthesupporting
ring,thestiffeningringanditsbypasspipewallaswellasthesupportingringanditsbypass
pipewall.

c) Thesupportingpatternofthesupportingringshallbeselectedincombinationwiththetechnical
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andeconomicconditionsoftheentirepipelineproject,andmaybelateralsupportingorlower
supporting.

d) Thefoundationoftheanchorsupportandbuttressoftheexposedpenstockshallbesolidand
stable,andshouldbearrangedontherockfoundation.

● Themaximumvalueforthefoundationstressshallnotbemorethantheallowablebearing
capacityofthefoundation.

● Thesizeofthebuttressbodyshallbehelpfultodistributethefoundationstressuniformly.

● Inadditiontothebearingcapacityandstabilityrequirements,theinfluenceofunevensettle-
mentofthefoundationontheinnerpressureofthepenstockshallbestudiedifthesupports
andpiersareplaceonsoilorsemi-rockfoundation.

8.5.3 Undergroundpenstock

8.5.3.1 Theundergroundpenstockshallbelaidoutinlinewiththefollowingprinciples.

a) Therouteoftheundergroundpenstockshouldbeselectedintheregionwithexcellenttopo-
graphicalandgeologicalconditions,andshallbekeptawayfromthesectionwithveryhighrock
pressure,groundwaterpressureandwaterinflow.Theundergroundpenstockshouldbeburied
deeply;theoverburdenrockthicknessmaybedeterminedinaccordancewiththeFormula(28).

b) Singlepipewithmultipleunitswatersupplyshouldbeusedforundergroundpenstock.Ifthe
pipelineisrelativelyshort,thewaterintakevolumeisrelativelylarge,thenumberofunitsis
large,thetimeintervalisrelativelylongortheengineeringgeologicalconditionsarenotsuitable
forexcavatingthecavernwithlargesection,twoormorepipelinesmaybeadoptedthrough
technicalandeconomiccomparison;thespacingbetweentwoadjacentpipelinesshallbedeter-
minedwithconsiderationgiventotheinfluenceoftheexcavationblasting,andtherock
strengthshallalsobeverified.

c) Theshafttype(horizontaltunnel,inclinedshaftandverticalshaft)andthegradientshallbese-
lectedaccordingtothelayoutrequirements,engineeringgeologicalconditionsandconstruction
conditions.

d) Thedrainagemeasuresshouldbetakenintheregionwithrelativelyhighgroundwaterpressure.
Thedrainagemeasuresmayincludethedrainagetunnel,drainageholeanddrainpipesystem,

andshallbecombinedwiththegroutingcurtain.Thedrainagemeasuresshallbereliable,and
shouldbemaintainable.Thelong-termobservationwellormanometershallbelaidouttomoni-
torthechangesingroundwaterlevel.

8.5.3.2 Therequirementsforstructuralcalculationoftheundergroundpenstockincludethefollowing.
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a) Inthestructuralanalysisoftheundergroundpenstock,theinternalwaterpressureshallbe

jointlybornebythepenstock,theconcreteliningandrock,andthefissuresexistingbetween
andamongthemshallbeconsidered.

b) Theconcreteliningshallbeartherockpressureandtransfertheelasticresistanceofthesur-
roundingrock.Thepenstockshallbearalltheexternalwaterpressureandnegativepressure.

c) Thestructuralanalysisoftheundergroundpenstock maybedeterminedaccordingtothe
Table25.

Table25 Loadcombinationforstructuralcalculationoftheundergroundpenstock

Loadcombination

Load

Basiccombination Specialcombination

Normal

operating
condition

Empty
working
condition

Special

operating
condition

Construction

condition

Maximumpressureundernormal

workingcondition
√

Maximumpressureunderspecial

workingcondition
√

Groundwaterpressure √

Airpressuredifferencecausedby
ventilationequipmentwhenthe

pipelineisempty

√

Constructionload:groutingpressure

ornon-hardenedconcretepressure
√

d) Theundergroundpenstockshalltakefulladvantageofthebearingcapacityofthesurrounding
rock.Theengineeringgeologicalconditionsshallbesufficientlystudiedtodeterminethebearing
capacityofthepenstock.

e) Foronesectionofthesteelpipeliningneartheupstreamsideofthepowerhouse,theunitelas-
ticresistancecoefficientofthesurroundingrockshallbeappropriatelyreduced.

f) Thegroundwaterpressurebornebytheundergroundpenstockmaybedeterminedaccordingto
theexplorationdataandwithconsiderationgiventothereservoirwaterfillinganddiversion
systemseepage.

g) Theconnectorofthesteelpipeconnectedtothereinforcedconcreteliningshallbeproperly
treated.Inthecalculation,thepossibilityofincreasedgroundwaterpressureduetotheleakage
fromtheconcretecracksshallbetakenintoaccount.
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8.5.4 Penstockembeddedinthedam

8.5.4.1 Thepenstockembeddedinthedamshallcomplywiththefollowingprinciples.

a) Theplanepositionofthepenstockshouldbeinthecentreofthedamsection,anditsdiameter
shouldnotbegreaterthan1/3ofthedamsectionwidth.Whenlayingoutthepenstock,thein-
fluencesofpenstockondambodystabilityandstressaswellastheinterferenceofconstruction
shallbeconsidered.

b) Theventholeshallbelaidouttopreventtheoverflowofthepipeorificefrominfluencingthe
normaloperationoftheelectricalequipmentbehindthedam.

c) Theinletofthepenstockshallbeequippedwithawaterfillingvalveorabypasspipetofillthe
water,andsurfaceareaofthefillingvalveandthebypasspipeshouldbelessthan1/5ofthe
surfaceareaoftheventhole.

8.5.4.2 Thestructureofthepenstockembeddedinthedamshallbeanalysedinlinewiththefollow-
ingprinciples.

a) Ifthe minimum thicknessofthesurroundingconcreteis morethanthediameterofthe
penstock,thepenstockinthedamshallbedeemedtobethemulti-layeredpipecomposedof
thepenstock,thereinforcementandtheconcretetojointlybeartheinternalwaterpressure,

andtheinfluenceofcracksbetweenthepenstockandtheconcreteaswellasthecracksofthe
concreteshallbeconsidered.

b) Iftheminimumthicknessofthesurroundingconcreteisbetweentheradiusandthediameterof
thepenstock,whethertoconsiderjointbearingcapacityshallbeverified.

c) Iftheminimumthicknessofthesurroundingconcreteislessthantheradiusofthepenstock,

thepenstockshouldbeartheloadseparately.

d) Thepenstockequippedwithanelasticcushionlayermaybedesignedinaccordancewiththe
exposedpenstock.

e) Allexternalpressureshallbeconsideredtobebornebythepenstock.Theseepagewaterpres-
sureofthedambodymaybeassumedtovarylinearlyalongthepenstockaxis,andthemini-
mumexternalpressureshouldnotbelessthan0.2MPa.

8.5.5 Steelbifurcatedpipe

8.5.5.1 Thebifurcatedpipeshallbedesignedinlinewiththefollowingprinciples.

a) Thestructureshallbereasonable,andthestressconcentrationanddeformationgeneratedshall
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notbetoogreat.

b) Thewaterflowshallbesmooth,theheadlossshallbelow,andthevortexandvibrationshall
bereduced.Afterbifurcation,theflowvelocityshouldincreasegradually.

c) Itshallbeconvenientforfabrication,transportationandinstallation.

8.5.5.2 Thestructureofthebifurcatedpipeshallmeetthefollowingrequirements.

a) Thetypeofthebifurcatedpipeshallbeselectedthroughtechnicalandeconomiccomparison,

takingintoaccountthecostoffabricationandcivilengineering,headloss,internalwaterpres-
sure,dimensionandstressconditionsofthebifurcatedpipe,layouttypeandconstructionexpe-
rience.

b) Thecentrelinesofthemainpipeandbranchpipeofthebifurcatedpipeshouldbelaidonthe
sameplane.

c) Thetypicallayoutofthebifurcatedpipeincludesasymmetricallybranch-shaped,symmetrically
Y-shapedorthree-branch-shaped.

8.5.6 Hydrauliccalculation

8.5.6.1 Thehydrauliccalculationofthepenstockshallincludethecalculationoftheheadlossand
waterhammer.

8.5.6.2 Thecalculationresultsoftheheadlossshallinclude:themaximumpressurelineundernor-
malworkingconditions,maximumpressurelineunderspecialworkingconditionsandminimumpres-
sureline.

8.5.6.3 Thecalculationofthewaterhammershallbeperformedincoordinationwiththecalculation
oftherotationspeedchangesoftheunit.Thecalculationconditionsshallbedeterminedaccordingto
theoperatingsituationofthehydropowerstationandtheelectricpowersystem.

8.5.6.4 Theadoptedvalueofthepressureriseatthetailendofthepenstockshallnotbelessthan
10%ofthehydrostaticpressureinthepenstockatthenormalreservoirlevel.

8.5.6.5 Thepreliminarycalculationofthewaterhammerpressuremaybeperformedunderthefol-
lowingworkingconditions.

a) Calculationofmaximumpressureundernormalworkingcondition:

● forthewaterhammerfromthepenstock,itcorrespondstothenormallevelofthereser-
voir,andoccurswhenalltheloadsofalltheunitstowhichthewaterissuppliedbythispen-
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stockaresuddenlyabandoned.

● formaximumsurgeofthesurgechamberorforebay,itcorrespondstothenormalreservoir
levelofthereservoir,andoccurswhenalltheloadsofalltheunitstowhichthewateris
suppliedbythissurgechamberorforebayaresuddenlyabandoned.

● ifthewaterhammerfromthepenstockmaybeoverlappedwiththesurgeofthesurgecham-
berorforebay,theeffectaftertheyencountereachothershallbeconsidered.Ifitcanbe
seenfromthestudyoftheoperationalsituationofthehydropowerstationthatalltheloads
cannotbeabandonedatthesametime,thecalculationmaybeperformedinaccordancewith
theabandonedportionoftheload.

b) Calculationofmaximumpressureunderthespecialworkingcondition:thesituationisidem,but
thereservoirlevelreferstothemaximumwaterlevelforpowergeneration.

c) Calculationofminimumpressure:thewaterhammerfromthepenstockcorrespondstothedead
waterlevelofthereservoir,andoccurswhenallbutoneunittowhichthewaterissuppliedby
thispenstockarerunningatfullload,andtheunitwithoutloadgoesfromidlingtorunningatfull
load.Ifthesystemhasspecialoperationrequirements,theloadincreaseamplitudemaybede-
terminedaccordingtothespecificsituation.

8.6 Desiltingbasin

8.6.1 Generalprovisions

8.6.1.1 Thesetupofthedesiltingbasinshallbedesignedforoperation,andshallbeconsistentwith
theoperationoftheproject,andshallbedeterminedaftertechnicalandeconomiccomparison.

8.6.1.2 Thesuspendedsedimentcontent,sedimentparticlesizedistributionandhardnessdata
measuredshallbecollectedinthereachwheretheprojectislocated.

8.6.1.3 Wearresistanceandanti-wearmeasuresoftheturbineoverflowparts,overhaulintervalof
theturbineandworkingheadoftheturbineshallbecollected.

8.6.2 Layoutprincipleofthedesiltingbasin

8.6.2.1 Thelocationofthedesiltingbasinshallbeadjacenttotheinletofthefirstintakestructure.
Whenthetopographicconditionsortheflushingheadcannotmeettherequirements,thedesilting
basinmaybemoveddowntotheappropriatelocationalongthediversionchannel.Thedesiltingbasin
shallbearrangedwithreasonableuseofthetopographicandgeologicalconditionstoavoidthebad
sections.Otherwise,correspondingengineeringmeasuresshallbetaken.

8.6.2.2 Hydraulicflushingdesiltingbasinshouldbeadoptedinthehydropowerstations.Thehydrau-
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licflushingdesiltingbasinshallhavesufficientwaterheadandflow.Iftheterrainiswide,thedesilt-
ingbasinshallbetheregularflushingdesiltingbasin;Iftheterrainisnarrow,thedesiltingbasinshall
bethecontinuousflushingdesiltingbasin.

8.6.2.3 Theaxisofthedesiltingbasinshouldbecoincidentwiththeaxisofthediversionchannel
beforetheinletofthedesiltingbasin.Whenthereisanangle,measuresshallbetakentoensurethe
uniformdistributionoftheflowspeedandflowdirectionintheworkingsectionofthedesiltingba-
sin.

8.6.2.4 Thelayoutrequirementsoftheupstreamconnectionsectionofthedesiltingbasinareasfol-
lows.

a) Thesymmetricdiffusionpatternshouldbeadoptedintheplanelayoutofthediffusionsection,

andtheunilateraldiffusionangleshallnotbegreaterthan12°.Thesumofthediffusiveangleon
bothsidesshouldnotbegreaterthan24°withtheasymmetricdiffusionpattern.Thereshallbe
nofalling-sillattheconnectionbetweenthebottomplateofthesectionandthebottomofthe
workingsectionpool.

b) Waterdistributionpiersorotherrectifyingfacilitiesshallbeinstalledwithintheconnectionsec-
tion,anditslocation,dimensionanddirectionshallbedeterminedbyhydraulicmodeltest.

c) Regularflushingdesiltingbasinshallbeequippedwiththepoolchamberinletgate.Wherethere
isasourceofsewage,thetrashrackandthecleaningfacilitiesshallbeinstalledattheintake
gate.Thesilloftheintakegateshallbelevelwithorslightlyhigherthantheupstreambottom
plate.Thesizeoftheintakegateshallmeetthelayoutandoperationalrequirementsofthegate,

hoist,trashrackandcleaningfacilities.

d) Rowspacing,gridspacingorlayoutofthewaterdistributionpiersoftherectifiergridbehind
theintakegateshallbedeterminedaccordingtothehydraulicmodeltest.

8.6.2.5Theworkingsectionofthedesiltingbasinshallnotonlymeetthesedimentationrequire-
ments,butalsomeettherequirementsofsiltingandsandremoval.Thesanddischargechanneloutlet
shallnotbeliftedupbytheperennialfloodingoftherivercourse(therecurrenceintervalof2years)

duringthefloodseason.

8.6.2.6 Therequirementsoftheworkingsectionoftheregularflushingdesiltingbasinareasfol-
lows.

a) Sandsluiceshallbesetattheendoftheworkingsectionoftheregularflushingdesiltingbasin.
Thegateandthehoistequipmentofthesandsluiceshallmeettherequirementsofthepartial
openingconditionsofthesluicegate.

b) Thedownstreamsanddischargechannelofthesandsluiceshouldadopttheformofthenon-
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pressuresanddischarge,anditslongitudinalslopeshallnotbeslowerthanthelongitudinalslope
oftheworkingsectionofthedesiltingbasin.Sanddischargechanneloutletshallhaveanti-scou-
ringandanti-siltingmeasurestoensurethesmoothsanddischarge.

8.6.2.7 Therequirementsoftheworkingsectionofthecontinuousflushingdesiltingbasinareas
follows.

a) Thecontinuousflushingdesiltingbasinshallconsistofseveralbranchcorridorsandamaincorri-
dor.

b) Thebottomoftheworkingsectionofthecontinuousflushingdesiltingbasinmaybemadeintoa
numberofinvertedtrapezoidaltroughsalongthewidthofthetank,andtheslopeangleofthe
troughwall(anglewiththehorizontaldirection)shouldbegreaterthantheunderwaterrepose
angleofthesediment.Thebottomplateofthetroughshallbearrangedwithasandholeand
connectedwiththebranchcorridorofthesand-flushing.

c) Branchcorridorsoftheflushingsystemofthecontinuousflushingdesiltingbasinshallbear-
rangedunderthesandinletholeatthebottomofthebasininthedirectionofwaterflow.Each
branchcorridorshallflowintoamaincorridor.Morethanoneflushingsystemshallbeinstalled
intheworkingsectionofthedesiltingbasin,andthebranchcorridorlengthofthefrontflushing
systemshallbeshorterthanthatoftherearflushingsystem.

d) Mainandbranchcorridorsshallhavegoodhydraulicconditionsandanti-wearmeasuresshallbe
implemented.Maincorridorsandflushingshallhaveanti-scouringandanti-siltingmeasures,and
ensuresmoothsanddischarge.

e) Thesluicegateandthehoistequipmentofthesandsluiceshallmeettherequirementsofthe
partialopeningconditionsofthesluicegate.

f) Single-chambercontinuousflushingdesiltingbasinshallbeequippedwiththeemergencysand
sluiceattheendoftheworkingsectionofthedesiltingbasin.

8.6.2.8 Thesideoverflow weirshallbeinstalledintheworkingsectionofthedesiltingbasin,the
diversionchannelortheappropriatepartofthewatercourse,andtheheightoftheweircrestshould
beslightlyhigherthantheoperatingwaterlevelofthedesiltingbasin.Theoverflowcapacityshallbe
determinedaccordingtothefactorssuchasthediscardedloadofthehydropowerunitsandpossible
excessiveflowoftheintakesluice.

8.6.2.9 Thedownstreamconnectionsectionofthedesiltingbasinofthehydropowerstationshall
adoptthegradualshrinkagetype.Whenthedownstreamisapressurewaterdiversionchannel,the
waterdepthinsectionshallmeettheminimumsubmergeddepthrequirementsofapressurewater
inletandthereshallbenoverticalvortexandaeration.
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8.6.3 Determinationofthemaindimensionofthedesiltingbasin

8.6.3.1 Thesizeofthedesiltingbasinmainlyincludestheworkingdepth,workingwidth,working
lengthandthelongitudinalbottomslopeoftheworkingsection.

8.6.3.2 Thecalculationrequirementsfortheworkingdepthoftheregularflushingdesiltingbasinare
asfollows.

a) Thewaterdepthoftheworkingsectioninletoftheregularflushingdesiltingbasinshallmeetthe
Formula(28).

H≤ΔZ+
q
vc

-(iLw +i0L0) …………………………(28)

where

H  isthewaterdepthoftheworkingsectioninlet,inm;

ΔZ isthewaterleveldifferencebetweenthesandflushingoperatingwaterlevelofthedesilt-
ingbasinandthenaturalriverattheoutletofthesanddischargechannel,inm;

q istheflowperunitwidthinthesanddischargechannel,inm3/(s·m);

vc istheflushingflowvelocityinthesanddischargechannel,inm/s;

i isthebottomslopeoftheworkingsectionofthedesiltingbasin;

Lw isthelengthoftheworkingsectionofthedesiltingbasin,inm;

i0 isthebottomslopeofthesanddischargechannel;

L0 isthelengthofthesanddischargechannel,inm.

b) Theworkingdepthoftheworkingsectioninletoftheregularflushingdesiltingbasinshallbecal-
culatedaccordingtotheFormula(29).

Hc=H-ΔHk …………………………(29)

where

Hc  istheworkingdepthoftheworkingsectionofthedesiltingbasin,inm;

ΔHk istheallowablethicknessofthesedimentationduringoperation,inm.Intheinitial
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scheme,(0.25to0.30)Hcanbechosen.

8.6.3.3 Theworkingdepthoftheworkingsectionofthecontinuousflushingdesiltingbasinshall
meettherequirementsoftheFormula(30).

Hc=ΔZi- 1+∑ξ( )
v2

c

2g
-v2

c∫
L

0

dL
c2R

…………………………(30)

where

ΔZi istheheightdifferencebetweentheoperatingwaterlevelofthedesiltingbasinandthetopof
theoutletofthecorridor,inm;

∑ξ isthesumofthelosscoefficientsofthepartialhead;

L isthetotallengthofthebranchcorridorsandthemaincorridor,inm;

c isthechezycoefficient;

R isthehydraulicradius,inm.

8.6.3.4 TheworkingwidthmaybecalculatedaccordingtotheFormula(31).

B=
Q

Hwv
…………………………(31)

where

B istheworkingwidth,inm;

Q istheworkflow,inm3/s;

v istheaverageflowrateinthebasin.Whentheinitialschemeisadopted,itcanbeselected
withinthefollowingrange:whenthe minimum sedimentationparticlesizeis0.05 mmto
0.10mm,thevaluecanbeselectedfrom0.05m/sto0.15m/s;whentheminimumsedimenta-
tionparticlesizeis0.25mm,thevaluecanbe0.25m/sto0.55m/s;whentheminimumsedi-
mentationparticlesizeis0.35mm,thevaluecanbe0.40m/sto0.8m/s;

Hw istheaverageworkingdepth,inm.

8.6.3.5 Theworkingdepthoftheworkingsectionofthehydraulicflushingdesiltingbasincanbese-
lectedfrom3mto8m.Theratioofthewidthtothedepthofthesingle-chamberworkingsection
shallnotbegreaterthan4.5.
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8.6.3.6 Thewidthofthecompartmentintheworkingsectionoftheregularflushingdesiltingbasin
shallsatisfytheFormula(32).

bs=
Q's

qs
…………………………(32)

where

bs isthewidthofthecompartmentintheworkingsectionofregularflushingdesiltingbasin,

inm;

Q's isthesandflushingflowvelocityinthebasin,inm3/s;

qs isthesandflushingflowvelocityperunitwidthinthebasin,inm3/(s·m).

8.6.3.7 Thecalculatedlengthofthedesiltingbasinshallbedeterminedaccordingtothesedimenta-
tionspeedandsedimentationrateofthesedimentationparticlesize.Thelengthofthedesignwork-
ingsectionshouldbe1.2timesthecalculatedlength.Ifnecessary,modeltestsshallbecarriedoutto
verifythesedimentationrateofthesuspendedsedimentandthesedimentconcentrationoftheout-
flowbasin.

8.6.3.8 Theworkingsectionoftheregularflushingdesiltingbasinshallhaveacertainlongitudinal
bottomslopeandshallsatisfytheFormula(33).

i≥
v2

1c

c2R
…………………………(33)

where

vic isthesandflushingflowvelocity,inm/s.

9 Powerhouse

9.1 Generalprovisions

9.1.1 Inaccordancewithstructureandstresscharacteristics,thepowerhouseshallincludethefol-
lowingtypes.

a) Powerhouseatthedamtoe:thepowerhouseislocatedatthedamtoe;thepowerhouseissepa-
ratedfromthedam withtheexpansion-settlementjoints;theupstream waterpressureisall
bornebythedam,andthepowerhousedoesnotbeartheupstream waterpressure;thewater
forpowergenerationisledintotheturbinethroughthepenstockinthedambody.
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b) Diversionpowerhouse:itsheadraceisrelativelylong;itmaybeclassifiedintothepressuredi-
versionpowerhouseandnon-pressurediversionpowerhouse,dependingonwhetherthewater
flowintheheadraceisorisnotunderpressure.

c) Riverbedpowerhouse:itislocatedintheriverbed;thepowerhouseretainsthewaterandis
oneofthewaterretainingstructures.

9.1.2 Thepowerhouseofthehydropowerstationshallbecomposedoftwoparts,namelythemain
powerhouseandtheauxiliarypowerhouse,includingfive majorsystems,i.e.the waterflow
system,electricalcurrentsystem,electricalcontrolequipmentsystem,mechanicalcontrolequip-
mentsystemandtheauxiliaryequipmentsystem.

9.2 Layoutoftheplantarea

9.2.1 Thelayoutofthepowerhouseandtheplantareaofthehydropowerstationshallbedesigned
accordingtothetopographical,geologicalandenvironmentconditions,andincombinationwiththe
generallayoutoftheentireproject,andshallcomplywiththefollowingprinciples.

a) Themainpowerhouse,auxiliarypowerhouse,maintransformersite,switchyard,high/low
voltageoutgoingline,access,waterdiversionandtailwaterstructuresshallbeproperlylaidout
tomaketheoperationofthehydropowerstationsafe,easytomanageandmaintain,andtake
intoaccounttherequirementsoflandscape,ecologyandenvironmentalprotection.

b) Thelayoutandoperationofthepowerhouseaswellastheflooddischargestructure,sediment
dischargestructure,navigationstructureandfishwayshallbeproperlycoordinatedtoavoiddis-
turbanceandensurethesafetyandnormaloperationofthehydropowerstation.

c) Thesafetymeasuresforfloodcontrol,drainageandfirecontrolaswellasthenecessarycondi-
tionsformaintenanceintheplantareashallbecomprehensivelyconsidered.

d) Lessexpropriationornoexpropriationofcultivatedland.Protectionofnaturalvegetation,pro-
tectionoftheenvironmentandprotectionofculturalrelics.

e) Theoverallplanningforthebuildingenvironmentintheplantareashallbeproperlyperformed,

andtheaesthetictreatmentofthemainstructuresshallbeproperlycarriedout.

f) Theoperationandmanagementoftheauxiliaryfacilitiesforproductionshallbearrangeduni-
formly.

g) Optimizethelayoutofeachstructurebycomprehensivelyconsideringtheconstructionproce-
dures,constructiondiversionandtheconstructionperiodrequirementsofthefirstbatchof
units.
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9.2.2 Themainpowerhouseshallbebuiltonthestablerockfoundationorthesolidsoilfoundation.

● Thepowerhouseshouldbekeptawayfromthegullymouthandthecollapsemass.Corresponding
preventivemeasuresshallbefullystudiedandimplementedforthepossibletorrentialfloodde-
posits,muddebrisfloworcollapsemassoccurringunderthesamefloodstandardsasforthe
powerhouse.

● Whenthepowerhouseislocatedatthetoeofthehighsteepslope,safetymeasuresshallbe
takenandinterceptionanddrainagefacilitiesshallbearranged.

● Reliablefoundationtreatmentsolutionsshouldbetakenwhenthepowerhouseisonthesoft
foundation.

● Thepowerhouseontheriverbankshouldbelaidoutalongtheriverdirection,butnotoccupythe
flooddischargesectionoftheriverchanneltoavoidthedirectimpactofthefloodontheplant.
Temporarymeasuresshallbetakentopreventthepowerhousefrombeingsubmersedwhenthe
floodexceedsthedesignstandard.

9.2.3 Whenthepenstockisexposed,thepowerhouseshouldbelaidoutinthedirectionthatisfree
fromthedirectimpactofthewaterflowinanemergency;ifimpossible,otherprotectivemeasures
shallbetaken.

9.2.4 Thelocationoftheauxiliarypowerhouseshallbecoordinatedwiththesiteofthemaintrans-
former,thelocationofthemainpowerhouseandtheenvironmentalrequirements,andshallbede-
terminedthroughcomprehensivecomparison.Meanwhile,theeffectivespaceshallbereasonably
utilizedforconvenientexternaltrafficincombinationwiththerequirementforoperationalandman-
agementconvenience.

9.2.5 Thelocationofthemaintransformerandtheswitchyardshallbedeterminedincombination
withtherequirementsofinstallation,overhaul,transportation,firefightingaccess,incomingline
andoutgoinglineandfireandexplosionprotectionandinlinewiththefollowingprinciples.

a) Themaintransformershouldbeclosetothemainpowerhouse,anditselevationshouldbesame
asthatoftheerectionbay.Thefireandexplosionprotectionaswellastheventilationandheat
dissipationattheplaceforthemaintransformershallcomplywiththerelevantregulations.

b) Theswitchyardshouldbeclosetothemaintransformer,andshallbelaidinthesectionwitha
stablefoundationandsideslopeorinothersuitableplaces;itsincominglineandoutgoingline
shallbepreventedfromstridingoverthehydraulicjumporthejetflowregionofthestructure.
Thepositionoftheswitchyardshouldbekeptawayfrom thegully;ifimpossible,the
preventivemeasuresshallbetakenforthetorrentialflood,debrisflowandcollapsemass.

c) Theoutgoinglinesiteshouldbeneartheswitchyard.Withregardtotheindoorswitchyard,the
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outgoinglinesitemaybelaidoutonthetopofthepowerhouse.

9.2.6 Theexpansionandreconstructionofthepowerhouseshallmaketheoldandnewstructures
andfacilitiescoordinatedtoensurethesafetyoftheoldstructures;duringtheconstruction,theim-
pactonthepowergenerationshallbeminimized.

9.2.7 Thewaterintakepartlayoutofriverbedpowerhouseshallbecombinedwiththelayoutofthe
projecttoproperlysolvetheinfluenceofsediment,debrisandfloatingiceonpowergeneration.

9.2.8 Thepowerhouseatthedamtoeshouldhavepermanentdeformationjointsbetweenthepow-
erhouseandthedam.Tosatisfytheoverallstabilityofthepowerhouseandthedamorotherrequire-
ments,theintegralconnectionofthepowerhouseandthedammaybeadoptedafterdemonstration.

9.2.9 Whenthepowerhouseisadjacenttothereleasestructure,theguidewallarrangedbetween
themshallbeofsufficientlength.

9.2.10 Thetailraceshallbelaidoutaccordingtothespecificsituationofthehydropowerstation
andinlinewiththefollowingprinciples.

a) Itshallbelaidoutwithconsiderationgiventotheinfluencesoftheunitoperationconditions,

geologicalandtopographicalconditions,flowdirectionofriverchannel,flooddischarge,sedi-
mentdischargeandotherstructures;andtheprotective measuresshallbetakenforthe
positionspronetounderminingorclogging.

b) Theinfluencesofriverbedvariationduetosluicingoftheproject,thebackwaterofthedown-
streamcascadeprojectandsandexcavationintheriverbedshallbetakenintoaccount.

c) Thetailwaterlevelofthepowerhouseshallnotberaisedbydiscardingslag.

9.2.11 Thefloodcontrolanddrainagesystemintheplantareashallbedesignedaccordingtothe
followingrequirements.

a) Thesitesforthe main/auxiliarypowerhousesandthe maintransformeras wellasthe
switchyardshallnotbesubmergedattheprotectionwaterlevel.

b) Thewaterdrainage,pipeditchlayout,drainagemethodanddrainagefacilitiesinthepower-
houseareashallbedeterminedaccordingtotheimportanceofpowerhouseofthehydropower
station,localclimaticcharacteristics,designrainstormintensity,durationofrainfall,design
recurrenceintervalofrainstorms,propertiesofthewatercatchment,topographicalfeatures
aswellasotherpossiblecatchments.Thedesignrainfallrecurrenceintervalmaybe3to5years
andthedesignrainfalldurationmaybe5min.to15min.

c) Reliablemeasuresshallbetakentobepreventbackflowoffloods.
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d) Correspondingprotectivemeasuresshallbetakenfortheadverseeffectscausedbyflooddis-
charge,rainfalloratomization.

e) Necessaryblocking,diversionanddrainagemeasuresshallbetakenforthecavern,pipeditch,

passageandreservednotchwhichmaycausewaterloggingofthepowerhouse.

f) Thedrainageofsurfacewaterandundergroundwaterfromthesideslopeofthevariousstruc-
turesshallbedesigned.

9.2.12 Thetrafficintheplantareashallbelaidoutinlinewiththefollowingprinciples.

a) Thetrafficshallbeplannedandarrangedcomprehensivelyfromboththeshort-termandlong-
termperspectives,andshallmeettherequirementsofconvenientloadingandunloadingof
heavyandlargetransportmachinesoftheelectromechanicalequipment.

b) Themaintrafficshallbekeptunobstructedunderthedesignfloodstandardconditions;pedestri-
antrafficshallnotbeinterruptedunderthecheckfloodstandardconditions;appropriateprotec-
tivemeasuresshouldbetakenforthesectionwithinthescopeofthewaterdischargeandatom-
ization.

c) Thestraightsectionshallbearrangedinfrontoftheincomingroad.

d) Thedesignlongitudinalgradientoftheincomingroadshouldbelessthan8%,themaximumlon-
gitudinalgradientshouldbelessthan12%inthesectionthatisdifficultforlayoutduetothe
limitationofthetopographiccondition,thewidthofthemainroadswithinthepowerhousearea
shouldnotbelessthan3.5m,andtheturnaroundmaybearrangedinfrontofthepowerhouse.

e) Withregardtothepowerhousewithhightailwaterlevel,theverticaltransportationmodemay
beusedtoenterandexitthepowerhouse.

f) Theincomingroadshouldbeledintothepowerhousefromthedownstreamside.Whendueto
terrain,geologyandprojectlayoutconditions,theincomingroadshallleadintothepowerhouse
fromtheendofthepowerhouseparalleltotheitsaxis,thewarningsignsorinterceptorshallbe
arranged.

9.2.13 Intheplantarea,thefirecontrolfacilitiesshallbearranged;thefireresistanceratingofthe
powerhouseshallcomplywiththeprovisionsonfirecontrol.

9.3 Internallayoutofthepowerhouse

9.3.1 Fortheinternallayoutofthepowerhouse,thedimensionandspaceofeachpartshallberea-
sonablydeterminedanddistributedaccordingtothescaleofthehydropowerstation,powerhouse
type,environmentalfeatures,civilengineeringdesign,layoutoftheelectromechanicalequipment,
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operationmaintenance,installationandoverhaul.

9.3.2 Theplanedimensionofthepowerhouseforthehorizontalunitshallbedeterminedaccording
totheplanedimension(diameter)ofthespiralcaseandthelengthoftheentireunitbay.Theplane
dimensionofthepowerhousefortheverticalunitshallbedeterminedaccordingthedimension
(width)ofthegeneratorbaseandthelengthoftheunit.Theplanedimensionofthepowerhousefor
thebulbtubularunitshallbedeterminedaccordingtothesizeoftheflowpath,thethicknessofthe
gatepierandthelayoutoftheinletandoutletgatesandthehoist.Inaddition,auxiliaryequipment
suchasthemainvalve,thegovernorandthelocalpanelaswellasthepedestrianpathinthepower-
houseshallbeconsidered.Theheightofthepowerhouseshallbedeterminedbythehoistingcondi-
tionsoftheequipmentandtheinstallationelevationoftheturbine.

9.3.3 Thespacingbetweenunitsinmainpowerhouseshallmeetthefollowingrequirements.

a) Forhorizontalunit,installationandmaintenancerequirementsshallbemet.Thegeneratorrotor
shallbeabletobedrawnoutandinsertedifnecessary,andthenetspacingbetweenunitsshall
notbelessthan1.5mto2.0m.

b) Forverticalunit,itshouldbedeterminedontheplaneaccordingtothediameterofthefancover
ofthegenerator,thesizeofthespiralcaseandthedrafttube.

● Thethicknessoftheseparatingpiersbetweentheadjacentconcretespiralcasesand
betweenthedrafttubesshouldnotbelessthan1.0mto2.0m(usethehighvaluewhenthe
permanentjointisarranged).

● Thethicknessoftheseparatingpierbetweenthemetalspiralcasesshouldnotbelessthan
1.0m.

● Thenetspacingbetweenthefancoverplatesofthegeneratorshouldnotbelessthan1.5m
to2.0m.

● Thenecessaryconcretethicknessbetweenthedrafttubeshallbeconsideredforthespacing
betweenunitsofthepowerhousewithindamandtheoverflowtypepowerhouse.

c) Forbulbtubularunit,itshallbedeterminedaccordingtothewidthoftheflowpath,thenumber
ofunitsandthejointseparatingmethod.Theadditionallengthofthesideunitbayshallbedeter-
minedbytheboundarylineofthebridgecranehook,whichshouldbe3mto5m.

9.3.4 Thecontroldimensionofthemainmachinehallforthemainpowerhouseshallbedetermined
accordingtothefollowingprinciples.

a) Thelengthandwidthofthemainmachinehallshallbedeterminedbytakingintoaccountthe
numberofunits,theflowpassagecomponentsoftheturbine,thedimensionsofthegenerator
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andtheairduct,theliftingmodeofthecrane,thepositionofthemainvalveandgovernor,the
structuralrequirementsofthepowerhouse,theoperationandmaintenance,andmobilityinthe
powerhouse.

b) Theflowpassagecomponentsoftheturbineandthesupportingmodesoftheunitshallbese-
lectedaccordingtothedataprovidedbythemanufacturerandtherequirementsofthehydraulic
structure.

c) Whenthelengthoftheunitbayiscontrolledbythedimensionofthespiralcase,thelengthof
theunitbayshallmeetthespatialrequirementsrequiredbytheinstallationofthemetalspiral
case,andtheminimumspatialdimensionshouldnotbelessthan0.8m;fortheconcretespiral
case,itswallthicknessshallbedeterminedbythestrength,rigidityandstructuralrequirements.

d) Whenthelengthoftheunitbayiscontrolledbythedimensionsofthegeneratoranditsairflue,

thespacingbetweenunitsshallnotonlymeettherequirementsofequipmentlayout,butalso
keepthenecessarywidthofthepassage.

e) Thelengthoftheunitbayinthepowerhouseatdamtoeshouldbecoordinatedwiththedam
bodyjoints.Forthediversionpowerhousethroughthetunnels,itshallalsobeadaptivetothe
thicknessoftherockmassbetweenthepenstocks.

f) Whenthesedimentdischarginganddrainingholesarearrangedintheunitbay,thestructural
strength,compositionandconstructionrequirementsoftheholesshallbefulfilledatthesame
time.

g) Thelengthandwidthofthemainmachinehallshallmeettherequirementsoftheeffectivework-
ingscopeofthecranehook,thelayoutofthemainvalveandgovernor,themobilityinthepow-
erhouseandthestructuralsize.

h) Thestructuraldimensionsofthemainpowerhouseabovewaterandunderwatershouldbecon-
currentlycoordinatedandconsidered.

i) Thelengthofthesideunitbay(unitintheendingbay)shallbedeterminedincombinationwith
thepositionoftheerectionbay,theheightdifferencebetweenthemainmachinehallandthe
erectionbayaswellastheliftingscopeofthecrane.

9.3.5 Thedimensionandlayoutoftheerectionbayinthemainpowerhousemaybedeterminedin
linewiththefollowingprinciples.

a) Theareaoftheerectionbayshallbecomprehensivelydeterminedbythepowerhousetype,unit
structure,installationprogressandexpandedoverhaulofoneunit.

b) Whenthedatainunavailable,thelengthoftheerectionbaymaybe1.25to1.5timesthelength
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oftheunitbay;withregardtothehydropowerstationwithmultipleunits,theareaoftheerec-
tionbaymaybeincreasedasrequiredoranauxiliaryerectionbaymaybearranged.

c) Thegroundelevationoftheerectionbayshouldbethesameasthatofthegeneratorfloor;if
thedownstreamfloodlevelishigherthanthegroundelevationofthegeneratorfloor,theeleva-
tionoftheerectionbaymaybeincreased.

d) Thelayoutoftheerectionbayshallsatisfytherequirementsofthetransportation,installation
andoverhauloftheequipmentortheaccessofvehiclesforhandlingaccordingtothenumberof
installedunits.Theerectionbaymaybelaidoutatoneend,twoendsorinthemiddlesectionof
themainpowerhouse.

e) Thelayoutoftheerectionbayshallbeadaptivetothetransportationmethodsforthemaine-

quipment.

9.3.6 Thelayoutandtopelevationofthecranerailinthemainpowerhouseshallbedeterminedac-
cordingtothefollowingrequirements.

a) Therequirementofliftingthemainpartsoftheunitshallbemet.Whentheinletvalveisar-
rangedinthepowerhouse,thecentrelineshallbelaidoutwithintheworkingscopeofthecrane
hook.

b) Thetopelevationofthecranerailshallbedeterminedaccordingtothecranespecificationsas
wellastheliftingrequirementsduringinstallationandoverhauloftheunits,andshallmeetthe
requirementsforloading/unloadingthegoodsonthetransportationvehicleinthepowerhouse.

c) Thenetdistancebetweenthecranetopandthepowerhouseceiling(orthelowerchordofthe
rooftrussandthelampbottom)shallnotbelessthan0.3m.

d) Thenecessaryspaceforremovingandinstallingthereducercover,thecoilingblockandthemo-
torshallbereservedattheappropriatepositionsofthepowerhouseroof.

e) Inadditiontothespacerequirementofthetravellingcart,theclearancefortheinstallationand
overhaulofthetravellingmechanismofthecartaswellastheturn-outspaceforpersonnelshall
bereservedattheappropriatepositionsintheintervalbetweentheendedgeofthecraneand
theupstream/downstreamwalls.

f) Thewidthofthecranebeamtopface(includingthewalkwayofthecranebeam)shallmeetthe

passingrequirementsoftheoperatingpersonnel,andtheladdersfortheoperators(inthecase
whereitisdrivercab-equipped)andtheoverhaulpersonneltogetonoroffthecraneshallbe

provided.
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g) Thesafedistancebetweentheliftedcomponentandtheinstalledequipment,structureand

groundshallnotbelessthan0.3m.

9.3.7 Themobilityinthepowerhouseshallcomplywiththefollowingprovisions.

a) Themobilityinthepowerhouse(includingthestairway,spiralstaircase,ladderstand,lifting
holes,horizontalpassageandgallery)shallbeconvenientformanagementandbeneficialfor
overhaulandquicktroubleshooting.

b) Thedimensionofthemainpassageaswellasthewidth,theslopeandtheemergencyexitshall
meettherequirementsoftheelectromechanicalandfireprotectiondesigncodes.

c) Thestraighthorizontalpassagethroughouttheentirepowerhouseshouldbearrangedonthe

generatorfloorandtheturbinefloor.

d) Onestairwayshouldbearrangedevery1to2unitbaysbetweenthemainfloorsincludingthe

generatorfloor,thebusbarfloorandtheturbinefloor;atleasttwostairwaysshouldbe
arrangedintheentireplant.

e) Theliftingholesforinstallationandoverhaulshouldbearrangedinthemainpowerhousewithin
theworkingscopeofthecranehookandintheauxiliarypowerhouserequiredforliftingofthe
electromechanicalequipment.

9.3.8 Thelayoutanddimensionsoftheturbinepitshallmeettherequirementsofunitinstallation
andmaintenance;thestrengthandrigidityoftheunitsupportingstructureaswellasthespiralcase
andstandringsupportingstructureshallbesufficient.

9.3.9 Theelevationofeachfloorinthemainpowerhouseshallmeetthefollowingrequirements.

a) Therequirementsofthelayoutoftheunitandauxiliaryequipment,andtheinstallation,over-
haul,operation,maintenance,structuraldimensionandbuildingspaceshallbemet.

b) Theinstallationelevationoftheturbineshallbedeterminedbytechnicalandeconomicdemon-
strationaccordingtotheunitcharacteristicsprovidedbythemanufacturer,theturbinedraft
headand the minimum downstream tailwaterlevelduring the operating period ofthe
hydropowerstation,combinedwiththetopographicalandgeologicalconditionsofthepower-
house.

c) Thegroundelevationoftheturbinefloorshallbedeterminedaccordingtothesectionsizeofthe
spiralcaseinletaswellastheminimumthicknessoftheconcretestructureatthetopofthespi-
ralcase.
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d) Thegroundelevationofthegeneratorfloorshallmeetthelayoutrequirementofthegenerator
floor,andtheinfluenceoftheequipmentlayoutontheturbineflooraswellasthelayoutofbus
cablesandthedownstreamwaterlevelshallalsobeconsidered.

e) Ifthespaceofthemainpowerhouseisenough,thecablefloormayalsobearrangedbelowthe

generatorfloor;itsnetclearanceshallmeettherequirementsofthelayingofthemainoutgoing
linesandcables,operationmaintenanceandfirecontrolofthegenerator.

f) Theroofelevationshallbedeterminedaccordingtotheroofingtypeandthestructuraldimen-
sion,andshallmeettherequirementsofinstallationandoverhaulofthecranecomponents,ceil-
inginstallationofthepowerhouse,thelayoutofthelightingfacilitiesandthermalinsulation.

9.3.10 Thelayoutofthetailraceplatformshallmeetthefollowingrequirements.

a) Thewidthofthetailraceplatformshallmeettherequirementsofthestructuresizeofthetail
lockandhoist,gatelifting,mobility,downstreamfloodcontrolfacilitiesandfirecontrol.

b) Thelengthofthetailraceplatformmaybedeterminedaccordingtotherequirementsoftheop-
erationofthehoistandtheoverhaulofthegate.

c) Withregardtothepowerhousewitharelativelylongdrafttube,themaintransformer,switch-

yardorauxiliarypowerhousemaybelaidoutonthetailraceplatform;ifthelengthofthedraft
tubehastobeincreasedforthispurpose,itshallbedemonstratedinthetechnicalandeconomic
aspects.

9.3.11 Thelayoutofthecontrolroomshallbedeterminedinlinewiththefollowingprinciples.

a) Itshallbeconvenientforoperationandmaintenancemanagement,andconvenientfortransiting
bystagesandsavingcables.Theinfluenceofvibration,noiseandmagneticfieldshouldbeavoi-
ded.

b) Itselevationmaybeequaltoorslightlyhigherthantheelevationofthegeneratorfloor.When
thecontrolroomishigherthanthegeneratorfloor,themobilitybetweenthemshallbeconven-
ient.

c) Whenthecontrolroomisarrangedintheremotecentralizedcontrolcentre,thetransitionduty
roommaybearrangedintheauxiliarypowerhouse.

d) Theauxiliarypowerhouseforhighnoiseequipmentsuchastheaircompressorandtheventila-
tionequipmentshouldnotbelaidoutaroundthecontrolroom.
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e) Effectivemeasuresforpreventingunitvibrationshallbeimplementedforthecontrolroombuilt
onthetailraceplatform.

f) Thepositionandorientationwithgoodnaturalventilationandlightingconditionsshouldbese-
lected.

g) Atleasttwoinlets/outletsshallbearranged.

h) Completesafetyandfirecontrolfacilitiesshallbearranged.

9.3.12 Theauxiliarypowerhouseareaandtheinternallayoutshallbedeterminedaccordingtothe
requirementsoflayout,maintenance,testandmanagementoftheelectromechanicalequipment,

combinedwiththespecificconditionsofthepowerhouse.

9.4 Overallstabilityanalysisforthepowerhouseonground

9.4.1 Generalprovisions

9.4.1.1 Theoverallstabilityanalysisofthepowerhouseshallbeperformedaccordingtothefounda-
tionconditions,structuralcharacteristicsandconstructionconditions.Thespecificcontentsmayin-
cludethefollowing.

a) Calculationoftheanti-slipstabilityofthefoundationsurface.Whentheweakstructuralsurface
unfavourabletotheoverallstabilityofthepowerhouseexistsinthepowerhousefoundation,

thecalculationofthedeepanti-slipstabilityofthepowerhousealongtheweakstructureshallal-
sobecalculated.Forapowerhouselocatedontheearthfoundation,thecut-offwallflooranti-
slipstabilityshallbeverified.

b) Calculationofthenormalstressonthepowerhousefoundationsurface.

c) Verificationoftheanti-floatingstabilityofthepowerhouse(includingthesituationwherethe
secondphaseconcreteofthepowerhousehasnotbeenplaced).

d) Withregardtothepowerhousenotontherockfoundation,thebearingcapacity,deformation
andsettlementofthefoundationshallbeverified.

9.4.1.2 Theoverallstabilityandfoundationstressofthepowerhouseshouldbecalculatedbymate-
rialmechanicsmethod.

9.4.1.3 Thecalculationsfortheoverallstabilityandfoundationstressofthepowerhouseshallbe
respectivelyperformedaccordingtotheloadcombinationswiththemiddleunitbay,sideunitbay
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anderectionbaysectionasaseparateunit.Whenthelateralwaterpressureactsonthesideunitbay
andtheerectionbaysection,theoverallstabilityandgroundstressundertheeffectoftwo-waywa-
terpressurealsoshallbeverified.

9.4.1.4 Withregardtothepowerhouseatthedamtoe,thecombinedeffectofthepowerhouseand
thedamshallbeconsideredwhenthepowerhouseandthedamareconnectedasawhole.

9.4.2 Loadsandloadcombination

9.4.2.1 Loadsactingonthepowerhouseshallinclude:dead-weightofthepowerhouseanditsper-
manentequipment,backfillweightandwaterweightactingonthepowerhouse,hydrostaticpres-
sure,upliftpressure,sedimentpressure,wavepressure,icepressure,earthquakeload,dynamic
loadduetogeneratorshortcircuiting,andotherpossibleloads.

9.4.2.2 Thedead-weightofeachpartofthepowerhouseshallbedeterminedaccordingtoitsgeo-
metricdimensionandmaterialweight.Theweightofthecommonmaterialsshouldbeselectedinac-
cordancewiththefollowingvalues:

a) 25kN/m3forthereinforcedconcrete;

b) theunitweightofthemasonryshouldbe21kN/m3to25kN/m3;

c) theunitweightofthebackfilledearthandrockshouldbe16kN/m3to18kN/m3.

d) thewaterweightshallbecalculatedinaccordancewiththeactualvolume;theunitweightofthe
watermaybe10kN/m3.Withregardtothewaterweightoftheheavilysedimentladenriver,

theinfluenceoftheactualsedimentconcentrationshallbetakenintoaccount.

9.4.2.3 Withregardtotheweightoftheelectromechanicalequipmentinthepowerhouse,the
weightofthestationarymainequipmentshallbecalculated,andtheauxiliaryequipmentandnon-sta-
tionaryequipmentmaynotbeconsidered.

9.4.2.4 Thehydrostaticpressureactingonthepowerhouseshallbedeterminedthroughcalculation
accordingtotheupstreamanddownstreamwaterlevelsofthepowerhouseunderdifferentoperating
conditions.Withregardtotheheavilysedimentriver,theinfluenceofsedimentconcentrationon
waterweightshallbetakenintoaccountforriverwithheavysediment.

9.4.2.5 Theupliftpressureactingonthepowerhouseonarockfoundationshallbecalculatedac-
cordingtothefollowingprinciples.

a) Itshallbecalculatedaccordingtothedistributedforceonallsectionalareasofthecalculation
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section.

b) Theupliftpressuredistributionpatternoftheriver-sidepowerhousefloormaybedetermined
respectivelyunderthefollowingthreeconditions.

1) Whentheanti-seepagecurtainandthedrainageholearearrangedontheupstreamsideof
thepowerhouse,theupliftpressurepatternshallbeadoptedaccordingtoFigure8(a)and
theseepagepressureintensitycoefficientαshallbe0.25.

2) Whentheanti-seepagecurtainandthedrainageholearenotarrangedontheupstreamside
ofthepowerhouse,theactingheadoftheupliftpressureisH1ontheupstreamsideofthe

powerhousefloorandisH2onthedownstreamside,whichareconnectedwithastraight
line,asshowninFigure8(b).

3) Whentheanti-seepagecurtainandthedrainageholearearrangedontheupstreamsideof
thepowerhouseandthedrainageholesandpumping-drainagesystemarearrangedonthe
downstreamside,theupliftpressurepatternisasshowninFigure8(c),whereα1is0.2
andα2is0.5.

Figure8 Upliftpressuredistributionpatternofthewaterretainingpowerhouse

c) Withregardtothepowerhouseatthedamtoe,whenthepowerhouseandthedamareconnect-
edasawholeorthepermanentdeformationjointsarearrangedbetweenthepowerhouseand
thedam,andhavebeensealedwiththewaterstop,itsupliftpressuredistributionpatternshall
beconsideredtogetherwiththedambody.
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1) Withregardtothepowerhouseatthegravitydamtoe,whentheanti-seepagecurtainand
thedrainageholesarearrangedontheupstreamdamfoundation,andthereisnopumping
anddrainagefacilityinthedownstreamdamfoundation,theupliftpressurepatternisas
showninFigure9(a);ΔHisdeterminedthroughcalculationaccordingtothepositionsof
thecurtainandthedrainageholesaswellasvaluea.

2) Withregardtothepowerhouseatthedamtoeofthewide-slotdamandthehollowdam,

ΔH=0,asshowninFigure9(b).

Key
1 powerhouse

b thedambodywidthatthewidejoint

Figure9 Upliftpressuredistributionpatternofpowerhouseatdamtoe

d) Theupstreamsideupliftpressureactingonthebuildingforariver-banktypepowerhousemay
bedeterminedinaccordancewiththeundergroundwaterlevelandthedrainagefacilities.

e) Whenthedurationoffloodpeakisrelativelyshortandthedownstreamfloodlevelisrelatively
high,theupliftpressuredistributionpatternofthepowerhousemaybereducedwithconsidera-
tiongiventothetimeeffect.

9.4.2.6 Theupliftpressuredistributionpatternofthepowerhousenotbuiltonrockfoundationshall
bedeterminedthroughcalculationorsimulationtestaccordingtothespecificsituationofthedesign
fortheundergroundcontourofthestructuresinthepowerhouseaswellasthepermeabilitycharac-
teristicsofthefoundation.

9.4.2.7 Theloadcombinationsmaybeclassifiedintobasiccombinationandspecialcombination.
Theloadcombinationfortheoverallstabilityanalysisofthepowerhousemaybeadoptedwithrefer-
encetotheprovisionsinTable26.Otherpossibleunfavourablecombinationsmayalsobeconsidered
whennecessary.

571

SHP/TG002-5:2019



Table26 Loadcombination
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ment

W
ater

weig ht

W
eig ht

of
backfilled

earth
and

rock

Hy drostatic
p ressure

Up lift
p ressure

W
ave

p ressure

Sediment
p ressure

Soil
p ressure

Ice
p ressure

Seismic
load

Basic
co

m
bination

Normal
op eration

a1

Upstreamnormal
reservoirleveland

downstream
minimumwaterlevel

√ √ √ √ √ √ √ √ √ √

a2

Upstreamdesignflood
levelanddownstream

corresponding
waterlevel

√ √ √ √ √ √ √ √ √

b
Downstream

designfloodlevel
√ √ √ √ √ √ √

Sp ecial
co

m
bination

Unit
maintenance

a

Upstreamnormal
reservoirleveland

downstreammaintenance
waterlevel

√ √ √ √ √ √ √ √ √

b
Downstream
maintenance
waterlevel

√ √ √ √ √ √

Unit
not

be
installed

a

Upstreamnormal
reservoirlevelor
designfloodlevel
anddownstream

waterlevel

√ √ √ √ √ √ √ √ √

b
Downstream

designfloodlevel
√ √ √ √ √ √

(1) The second

phase concrete for
the spiralcase has
notbeenplaced
(2)Thewater
weightshallbe
determined
accordingtothe
actualsituation.
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Table26(continued)

Load
co

m
bination

Calculation
condition

Upstream/downstream
waterlevel

Loadcategory Remarks

Dead
weig ht

of
structure

Permanent
eq uip

ment

W
ater

weig ht

W
eig ht

of
backfilled

earth
and

rock

Hy drostatic
p ressure

Up lift
p ressure

W
ave

p ressure

Sediment
p ressure

Soil
p ressure

Ice
p ressure

Seismic
load

Sp ecial
co

m
bination

Abnormal
op eration

a
Upstreamcheckflood
levelanddownstream

checkfloodlevel
√ √ √ √ √ √ √ √ √

b
Downstreamcheck

floodlevel
√ √ √ √ √ √ √

Earthq uake
condition

a
Upstreamnormalreservoir
levelanddownstream
minimumwaterlevel

√ √ √ √ √ √ √ √ √ √ √

b
Downstreamnormal

waterlevel
√ √ √ √ √ √ √ √

Itmaybespecified
otherwiseifthe
upstreamand
downstreamwater
levelsaresubjected
toanotherdemonstra-
tion

Notes1 Inthetable,aappliestothewaterretainingpowerhouseandbappliestothepowerhouseatthedamtoe
andtheriver-sidepowerhouse;

Notes2 Ifwavepressureandicepressuredonotexistatthesametime,eitherofthem maybeselectedforthe
calculationaccordingtotheactualsituation;

Notes3 Thesituationduringconstructionshallbeverifiedasnecessaryandmaybeusedasthespecialcombina-
tion;

Notes4 Itmaybeusedasthespecialcombinationifthedrainagefailuresituationistakenintoaccountwhenthe
drainageholesarearrangedonthepowerhousefoundation;

Notes5 Thecorrespondingdownstreamwaterlevel,underCasea2inNormalOperating,CaseainUnitnotbeIn-
stalled,andCaseainAbnormalOperation,referstothewaterlevelsthataremostunfavourableforthe

powerhousewhenthedesignfloodlevelorcheckfloodleveloccursintheupstream,includingthescenari-
osoftheflooddischargingornoflooddischargingfromthedam;

Notes6 Theupstream waterlevelisdeterminedbythelayoutofthewaterstopfortheat-dam-toepowerhouse,

andbytheundergroundtablefortheriver-sidepowerhouse.

9.4.3 Calculationoftheoverallstabilityandgroundstress

9.4.3.1 Theanti-slipstabilityoftheentirepowerhousemaybecalculatedbytheFormula(23)to
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Formula(25),andeachforceistheforceactingonthefoundationofthepowerhouse.Theminimum
safetyfactorfortheanti-slipstabilityofthepowerhouseshallmeettherequirementsinTable27.

Table27 Minimumsafetyfactorsfortheanti-slipstabilityofthePowerhouse

FoundationType LoadCombination SafetyFactor AppliedFormula

Softfoundation

Basiccombination 1.25

SpecialcombinationⅠ 1.10

SpecialcombinationⅡ 1.05

Formula(23),(24)

Rockfoundation

Basiccombination 1.10

SpecialcombinationⅠ 1.05

SpecialcombinationⅡ 1.00

Basiccombination 3.00

SpecialcombinationⅠ 2.50

SpecialcombinationⅡ 2.30

Formula(23)

Formula(25)

NOTE SpecialcombinationⅠisincaseofturbine-generatormaintenance,constructionperiod,completionandab-
normaloperation.SpecialcombinationⅡisincaseofearthquake.

9.4.3.2 Thenormalstressonthepowerhousefoundationmaybecalculatedinaccordancewiththe
Formula(22).Theaveragestressonthesoilfoundationshallnotbegreaterthantheallowablebear-
ingcapacity;themaximumstressshallnotbelessthan1.2timestheallowablebearingcapacityof
thefoundation.Theallowablenon-uniformcoefficientsforthenormalstressesactingonthefounda-
tionarelistedinTable17.

9.4.3.3 Thenormalstressonthefoundationsurfaceofthepowerhouseonrockfoundationshall
meetthefollowingrequirementswhencalculatedbythematerialmechanicsmethod.

a) Themaximumnormalstressbornebythepowerhousefoundationsurfaceshallnotbegreater
thantheallowable bearingcapacity ofthefoundation.Underearthquakeconditions,the
allowablebearingcapacityofthefoundationmaybeincreasedappropriately.

b) The minimum normalstress (countedintheupliftpressure)bornebythepowerhouse
foundationsurfaceshallmeetthefollowingrequirements.

1) Theriverbedpowerhouseshallbegreaterthanzerointhecaseofearthquake;underearth-
quakeconditions,theallowabletensilestressshallnotbegreaterthan0.1MPa.

2) Thepowerhouseatthedamtoeandtheriver-sidepowerhouse,shallbegreaterthanzero
undernormaloperatingconditions;partialtensilestressnotmorethan0.1MPato0.2MPa
isacceptableunderthe“unitmaintenance”,“unithasnotbeeninstalled”and“abnormal
operation”conditions.Ifthetensilestressismorethan0.2MPaunderearthquakecondi-
tions,thisshallbeparticularlydemonstrated.
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9.4.3.4 Theanti-floatingstabilityofthepowerhousemaybecalculatedinaccordancewiththeFor-
mula(34)withthemostunfavourablescenario,wheretheturbine-generatormaintenance,turbine-
generatornottobeinstalled,abnormaloperationareasshowninTable25.

Kf =∑
W

U
…………………………(34)

where

Kf  istheanti-floatingstabilitysafetyfactor,greaterthan1.1underanycondition;

∑W istheweight(forces)oftheunitbayorerectionbay,inkN;

U isthetotalupliftpressureactingontheunitbayorerectionbay,inkN.

9.4.3.5 Theseepagepathlengthofthepowerhouseonsoilfoundationshallmeettherequirements
offoundationseepagestability.Theseepagepathlengthmaybecalculatedinaccordancewiththe
Formula(20).

9.5 Structuraldesignofthepowerhouse

9.5.1 Generalprovisions

9.5.1.1 Thepowerhousestructureofthehydropowerstationmaybedividedintoupperstructure
andlowerstructure.

● Theupperstructureincludesthebentframecolumn,cranebeam,groundfloorbeamandslab,

roof,connectionbeam,ringbeamandtailwaterframe.

● Thelowerstructureincludestheretainingwall,floor,turbinefloorbeamandslab,generator
pier,spiralcase,drafttube,water-collectingwell,tailwatergatepierandtailraceplatform.

9.5.1.2 Thestructuraldesignofthepowerhouseshallberespectivelycalculatedandverifiedac-
cordingtothefollowingprovisionsinaccordancewiththerequirementsofthelimitstateofthe
bearingcapacityandthenormalserviceabilitylimitstate.

a) Bearingcapacity:thebearingcapacityshallbecalculatedforallthestructuralmembersofthe
powerhouse;theseismicbearingcapacityshallbecalculatedforthestructuresrequiringearth-
quakefortification.

b) Deformation:thedeformationshallbeverifiedforthestructuralmembersrequiringdeformation
control,suchasthecranebeamandthepowerhouseframework.
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c) Crackcontrol:theanti-crackorcrackwidthshallbeverifiedforthelowerstructuremembers
bearingwaterpressure,suchasthereinforcedconcretespiralcase,gatepier,breastwalland
water-retainingwall;thecrackwidthshallbeverifiedfortheupperstructuremembersrequired
tolimitthecrackwidth.

9.5.1.3 Thegeneralstructuralmembersofthepowerhousestructuremayonlybesubjecttothecal-
culationofthestaticforce;however,thedynamiccalculationshallbeperformedforthestructural
membersdirectlybearingthevibrationloadsoftheequipmentsuchasthesupportingstructureof
thegenerator.Thegeneralstructuremaybecalculatedwiththestructuralmechanicsmethod;inad-
ditiontothestructuralmechanicsmethod,thecomplexstructureshouldalsobecalculatedandana-
lysedwiththefiniteelementmethod.

9.5.1.4 Theconcreteonthepowerhousepartsshallmeetthestrengthrequirements;besidesthe
durabilityrequirementsincludingtheanti-permeability,frostresistance,erosioncontrolandanti-
scourshallberespectivelyincreasedaccordingtotheenvironmentalconditions,serviceconditions
andlocalclimaticconditions.Theconcretestrengthgrade maybeadopted withreferenceto
Table28.

Table28 Strengthgradeoftheconcreteonvariouspartsofthepowerhousestructure

No. Structuralpart
Strengthgrade
(28-dayage)

Remarks

1 Large-volumefoundation ≥C20

2

Drafttube,spiralcase,

generatorpier,fanhousing,

tailwatergatepierand
underwaterwall

≥C25

3
Concretestructureinthe
waterlevelchangingarea

≥C25

4
Upperstructuralbeam,plate,

andpillar
≥C25

5
Bridgedeckandprefabricated
reinforcedconcretecrane

beamrooftruss
≥C30

NotlowerthanC35whenHRB400
reinforcementisused.

6
Pre-stressedreinforced

concretemember
≥C35

Whenthehigh-strengthsteelwireand
heattemperingbarsareusedfor

pre-stressedreinforcement,the
concretestrengthgradeshouldnotbe

lowerthanC40.

NOTE1 IfthememberemploysHRB400reinforcementandbearsrepeatedaction,theconcretestrengthgrade
shouldnotbelowerthanC25;

NOTE2 Thepositionswithseriousfreezethawingconditionsandthatarerequiredforanti-scourandabrasionre-
sistance,thisshallbedeterminedthroughdedicatedresearch,andtheconcretestrengthgradeshallnotbe
lowerthanC25.
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9.5.2 Lowerportionstructure

9.5.2.1 Whenthefoundationishardandintegralrock,itmaybemadeintotheseparatedflooror
removedfloor.Thefloorthicknessshouldbe0.3mto0.5m.Ifthefloorisomitted,therocksurface
shallbepolishedandshouldbeabletoresistimpactandwear.Withregardtothepowerhousewith
poorgeologicalconditions,theintegralreinforcedconcretefloorshouldbeused,andthethickness
shouldbe2mto3mormore.

9.5.2.2 Thedrafttubestructuremaybedividedintothreeparts:thetapertubesection,elbow
tubesectionanddiffusersection;theinnerforceshallbeanalysedbycorrespondingmethod.

9.5.2.3 Thedesignloadsofthedrafttubestructuremayinclude:deadweightofthestructure,

weightofthestructureandequipmentabovethedrafttuberoof,internalwaterpressure,external
waterpressureandupliftpressure.

9.5.2.4 Thedrafttubestructureshallbecalculatedunderthefollowingfourconditions.

a) Normaloperation:thecombinationloadsincludethedeadweightofthestructure,theweightof
thestructureandequipmentabovethedrafttuberoof,theinternalwaterpressure(normaltail-
waterlevel),externalwaterpressure(normaltailwaterlevel)andupliftpressure(normaltail-
waterlevel).

b) Maintenanceperiod:thecombinedloadsincludethedeadweightofthestructure,theweightof
thestructureandequipmentabovethedrafttuberoof,theexternalwaterpressure(normaltail-
waterlevel)andupliftpressure(normaltailwaterlevel).

c) Constructionperiod:thecombinedloadsincludethedeadweightofthestructure,andthe
weightofthestructureandequipmentabovethedrafttuberoof.

d) Checkfloodoperation:thecombinedloadsincludethedeadweightofthestructure,theweight
ofthestructureandequipmentabovethedrafttuberoof,theinternalwaterpressure(check
tailwaterlevel),externalwaterpressure(checktailwaterlevel)andupliftpressure(checktail-
waterlevel).

9.5.2.5 Theinnerforceofthedrafttubestructureshallbecalculatedaccordingtothefollowing
principles.

a) Theverticalwaterflowdirectionshouldbesimplifiedintotheplaneproblem,i.e.thezoning
alongthewaterflowdirectiontoobtainseveralprofiles,andcalculatinginaccordancewiththe
planeframe.

b) Withregardtothepowerhousewiththehightailwaterlevel,thestrengthoftheroof,floorand
buttressalongthewaterflowdirectionshallbeverified.
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9.5.2.6 Themetalspiralcaseshallbeusedforthehydropowerstationswiththemediumorhigh
heads;whilereinforcedconcretespiralcaseshouldbeusedforthestationswiththelowheads
(head<30m)whenthespiralcasesizeissmall.

9.5.2.7 Thedesignloadsofthereinforcedconcretespiralcasestructureareasfollows:

a) deadweightofthestructure;

b) loadstransferredfromthegeneratorpierandthefanhousing;

c) liveloadonthegroundoftheturbinefloor;

d) internalwaterpressure.

9.5.2.8 Thedesignofthereinforcedconcretespiralcasestructureshallbecalculatedaccordingto
thefollowingworkingconditions.

a) Fornormaloperationofthespiralcasethatdoesnotbearinternalwaterpressure,thecombined
loadincludesthedeadweightofthestructure,theloadstransferredfromthegeneratorpierand
thefanhousingandtheliveloadonthegroundoftheturbinefloor.

b) Fornormaloperationofthespiralcaseunderinternalwaterpressure,thecombinedload
includesthedeadweightofthestructure,theloadstransferredfromthegeneratorpierandthe
fanhousing,theloadonthegroundoftheturbinefloorandtheinternalwaterpressure.

9.5.2.9 Thefollowingassumptionsshouldbeadoptedinthedesignandcalculationofthereinforced
concretespiralcasestructure.

a) Thecracksareacceptablewhenthespiralcasewithoutbearinginternalwaterpressureisde-
signed.

b) Thecracksareacceptablewhenthespiralcasethatbearsinternalwaterpressureisdesigned;or
thecrackdevelopingwidthislimitedinthedesignofthespiralcase.

c) Thetemperaturestresswillnotbetakenintoaccount.

9.5.2.10 Thegeneratorpieristhesupportingstructureforthegeneratorandtheturbineandbears
hugeliveloadsanddeadloads;sufficientrigidity,strengthandstabilityshallbeensuredbytherein-
forcedconcretestructure.Thedesignofthegeneratorpieralsoincludestheconcretewallaroundthe
generatorwindpassage(windshield).

9.5.2.11 Thedesignloadsofthegeneratorpierstructureshallbeasfollows.
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a) Deadloads:

1) deadweightofthegeneratorpier;

2) deadweightofthegeneratorfloorslabandtheliveloadonit;

3) weightofthegeneratorstator;

4) weightoftheexciterstatorandtheauxiliaryequipment;

5) weightoftheupperframe;

6) weightofthelowerframe;

7) weightoftheturbine.

b) Liveloads:

1) weightofthegeneratorrotortogetherwiththeshaft;

2) weightoftheexciterrotor;

3) weightoftheturbinerotortogetherwiththeshaft;

4) axialwaterthrustoftheturbine;

5) horizontalcentrifugalforce;

6) normaltorqueofthegenerator;

7) short-circuittorqueofthegenerator.

9.5.2.12 Thedesignandcalculationofthegeneratorpiershallbeperformedundertwoworkingcon-
ditions,namelynormaloperationconditionsandshort-circuitconditions.Theloadcombinationshall
complywiththefollowingprovisions.

a) Normaloperation:theloadcombinationshallincludedeadloads(1)to(7)andliveloads(1)to
(6).

b) Short-circuit:theloadcombinationshallincludedeadloads(1)to(7),liveloads(1)to(5)and
theliveload(7).
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9.5.2.13 Thedynamiccalculationofthegeneratorpiershallbeperformedinlinewiththefollowing
principles.

a) Theresonance,amplitudeanddynamiccoefficientshallbeverified.

b) Theratioofthedifferencebetweenthenaturalvibrationfrequencyandtheforcedvibrationfre-

quencyofthegeneratorpiertothenaturalvibrationfrequencyshallbemorethan20%to30%,

ortheratioofthedifferencebetweentheforcedvibrationfrequencyandthenaturalvibration
frequencytotheforcedvibrationfrequencyofthegeneratorpiershallbemorethan20%to30%
toavoidresonance.

c) Theamplitudeoftheforcedvibrationofthegeneratorpiershallmeetthefollowingrequire-
ments:theverticalamplitudeshallnotbemorethan0.1mmforthelong-termcombinationor
notbemorethan0.15mmfortheshort-termcombination;thesumofhorizontaltransverseand
torsionalamplitudesshallnotbemorethan0.15mmforthelong-termcombination,ornotbe
morethan0.2mmfortheshort-termcombination.

9.5.2.14 Thedesignloadsofthefanhousingloadstructureareasfollows:

a) deadweightandweightofthegeneratorfloorslab.

b) liveloadofthegeneratorfloor.

c) temperaturestress.

d) horizontalthrustoftheliftingjackonthegeneratorupperframe.

e) restrainttorqueappliedbythegeneratorfloortothefanhousingwhentheshort-circuittorque
happenstothegenerator.

9.5.2.15 Thestructureofthefanhousingshouldbedesignedaccordingtothefollowingprinciples
andmethods.

a) Itsbottomshallbefixed,andthetopshouldbeconnectedtothegeneratorfloorslabasa
whole.

b) Theinnerforcecausedduetothetemperatureeffectshouldbereducedwithconsideration
giventotheinfluenceafterthestructureiscracked,orthetemperatureeffectmaybeoffsetby
loweringthedesignstrengthofthereinforcement.

c) Themaximumcrackwidthofthefanhousingshouldbe0.4mminthenormalserviceabilitylimit
state.
481

SHP/TG002-5:2019



9.5.2.16 Theloadofthebulbtubularunitshallmeetthefollowingrequirements.

a) Theloadofthebulbtubularunitshouldbedeterminedaccordingtothefollowingfivecondi-
tions:

1) therunnerisemptied;

2) therunnerisfilledwithwater;

3) underratedoperatingcondition;

4) loadsheddingcondition;

5) runawayoperatingstatus.

b) Thewaterintakesectionandthedrafttubesectionmaybecalculatedaccordingtotheplane
frameontheelasticfoundationbeambyusingtheunitwidthofthestructure.Theradialandax-
ialdirectionsshallbeconsideredinthestructuraldesignofthemiddlesectionoftheflowpas-
sage.SeeTable29fortheloadsactingonthemiddlesectionofflowpassageandtheircombina-
tion.

Table29 Loadsactingonthemiddlesectionoftherunnerandtheloadcombination

Design

situation
Limitstate

Load

combination

Calculation

condition

Loads

Dead
weig ht

W
ater

weig ht

Internal
water

p ressure

External
water

p ressure

Up lift
p ressure

Acting
force

of
unit

Te
m
p erature

Seismic
force

Persistent

situation

Transient

situation

Accidental

situation

Limitstateof

bearing
capacity

Basic

combination

Normal

operation
√ √ √ √ √ √ √ —

Overhaul

condition
√ — — √ √ — √ —

Accidental

combination

Checkflood √ √ √ √ √ √ — —

Earthquake √ √ √ √ √ √ — √

Runaway √ √ √ √ √ √ √ —

Shortcircuit √ √ √ √ √ √ √ —

Persistent

situation

Serviceability
limitstate

Standard

combination

Normal

operation
√ √ √ √ √ √ √ —
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c) Theprinciplesandmethodsofstructuralcalculationshallmeetthefollowingrequirements.

1) Theliningeffectofthetubularshellwillnotbeconsideredinthestructuralcalculationfor
themiddlesectionoftheflowpassage;alltheloadswillbebornebythereinforcedcon-
crete.

2) Undertheactionofaxialload,structuralcalculationshouldnotperformedforthefloorand
thesidepiersintheaxialdirection(inthewaterflowdirection),buttheyshouldbeappro-
priatelyreinforcedwhenlayingthereinforcement.Theinnerforceintheaxialdirectionon
therunnerroofshouldbecalculatedseparately.

3) Whenthestructuralmechanicsmethodisusedforthecalculation,theunitwidthshallbe
obtainedalongthewaterflowdirectionundertheactionoftheradialloadandcalculatedin
accordancewiththeplaneframeontheelasticfoundation.

4) Whenthestructuralmechanicsmethodisusedforthecalculation,theroofisanarchstruc-
tureontwosidepiersoftherunner;itmaybesimplifiedintoarectangularbeamwithtwo
fixedends.Theconcentratedstressofthecolumnonthetubularshelloftheroofisrela-
tivelygreatsothatthecalculationshouldbeperformedaccordingtotheconcentratedload
onthebeamandthehangingbarsshouldbeequipped.Whentheheight-spanratioofthe
beamh/l>0.5(histhebeamheightandlisthenetwidthofbeam),thestressanalysis
andreinforcementarrangementshouldbeperformedinaccordancewiththedeepbeam.

5) Whenitisanalysedwiththefiniteelementmethod,themiddlesectionoftherunnermay
beusedfortheoverallanalysis.Thestressisconcentratedontheconnectionbetweenthe
columnofthetubularshellandtheconcretesothatthereinforcingbarsonthisposition
shallberelativelyreinforced.

6) Inthecalculationofthestructuralstaticforce,theliveloadshallbemultipliedbythedy-
namiccoefficient.

9.5.3 Upperportionstructure

9.5.3.1 Theloadsbornebythecranebeamincludethedeadweightofthebeam,theweightofthe
steelrailanditsaccessories,theverticalwheelpressureofthecraneandthetransverse/longitudinal
horizontalactions.Theweightstandardvalueofthesteelrailanditsaccessoriesshallbedetermined
accordingtothemanufacturer’sdata,andmaybe1.5kN/mto2.0kN/mforthepreliminarycalcula-
tion.Thestandardvaluesofthetransverseandlongitudinalhorizontalactionsofthecraneshallbe
adoptedaccordingtothepossiblemaximumvalueprovidedbythemanufacturer.

9.5.3.2 Thestandardvalueoftorqueactingonthecranebeamshallbecalculated.

9.5.3.3 Thedesignofthecranebeamshallmeetthefollowingrequirements.
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a) Inadditiontothedesignaccordingtothebearingcapacity,thedeflectionshallalsobeverified
accordingtothenormaloperationalrequirements.

b) Maximumallowabledeflectionintheshort-termcombinationofthecranebeamoftheelectrical
bridgecrane:L0/600forthereinforcedconcretecranebeam;L0/750forthesteelstructure(L0

referstothecalculatedspanofthecranebeam).

c) Withregardtothereinforcedconcretecranebeam,thecrackdevelopingwidthshallalsobever-
ified,andthemaximumcrackinshort-termcombinationshallnotbemorethan0.3mm.

d) Ifthecraneinpowerhouseofhydropowerstationisalight-dutyworkingsystem,thefatigue
strengthmaynotbeverifiedforthecranebeam.

9.5.3.4 Thedesignoftheconnectionbetweenthecranebeamandthecolumnshallmeetthepartial
loadbearing,torqueresistanceandanti-overbendrequirementsofthesupports.

9.5.3.5 Thelayoutofthepowerhouseframeworkshallmeetthefollowingrequirement.

a) Thelayoutofthecolumnsshallmeettherequirementsoftheinstallationandoverhaulofthe
electromechanicalequipment,andthecolumnspacingshouldbeunified,andshallbeadaptiveto
thejointsbetweentheunitbays.

b) Thecolumnshouldnotbearrangeddirectlyonthetopplateofthedrafttube,spiralcaseor
steelpipe.

c) Thepowerhousestructureshallmeetthestructuralstrengthrequirement,anditsrigidityshall
alsobesufficient.Inthenormalserviceabilitylimitstate,thelateraldisplacementonthetopof
thecranebeamrailshallnotexceedtheallowablelimitvaluefornormaltravelingofthecrane,

andthemaximumdisplacementofthecolumnattherailtop,incaseofthestandardcombina-
tion,shouldnotexceedtheallowablevaluesinTable30.

Table30 Allowabledisplacementvalueofthecolumntop

No. Deformationvariety
Calculatedinaccordance

withtheplanestructure

Calculatedinaccordancewith

thespacestructure

1
Transversedisplacement(theroofofthe

powerhousehasbeencovered)
H/1800 H/2000

2
Transversedisplacement(theroofofthe

powerhousehasnotbeencovered)
H/2500

3 Longitudinaldisplacement H/4000

NOTE Hreferstotheheightfromthefoundationsurfaceonthelowerendofthecolumntotherailtopsurfaceof

thecranebeam.
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d) Theactionsbornebythepowerhouseframeworkandtheactioneffectcombinationmaybe
adoptedwithreferencetoTable31.

Table31 Actioneffectcombinationofthepowerhouseframework

Desig n
situation

Limit
state

Action
effect

co
m
bination

Calculationcondition

Actionname

Dead
weig ht

of
the

structure

W
eig ht

of
the

p ermanent
electro

mechanical
eq uip

ment
on

the
roof

Live
load

or
sno

w
load

on
the

roof

Load
on

the
floor

of
the

p o
wer

p lant

Water

pressure
Crane
load

Desig n
flood

level
or

normal
reservoirlevel

Check
flood

level

Crane
w
heel

p ressure

Horizontal
braking

force
of

the
crane

Wind
load

Te
m
p erature

effect

Construction
load

Earthq uake
action

Persistent
situation

Transient
situation

Accidental
situation

Limit
state

of
bearing

cap acity

Basic
co

m
bination

︵I
︶

1.Craneisfully-loaded √ √ √ √ √ √ √

2.Craneisno-load+
windload

√ √ √ √ √ √ √
Basic

co
m
bination

︵II

︶

1.Craneisfully-loaded+
windload+

temperatureeffect
√ √ √ √ √ √ √ √ √

2.Constructionperiod √ √ √

Accidental
co

m
bination

1.Craneisno-load+
earthquakeaction

√ √ √ √ √ √

2.Craneisno-load+
checkfloodwater

pressure
√ √ √ √ √
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Table31(continued)

Desig n
situation

Limit
state

Action
effect

co
m
bination

Calculationcondition

Actionname

Dead
weig ht

of
the

structure

W
eig ht

of
the

p ermanent
electro

mechanical
eq uip

ment
on

the
roof

Live
load

or
sno

w
load

on
the

roof

Load
on

the
floor

of
the

p o
wer

p lant

Water

pressure
Crane
load

Desig n
flood

level
or

normal
reservoirlevel

Check
flood

level

Crane
w
heel

p ressure

Horizontal
braking

force
of

the
crane

Wind
load

Te
m
p erature

effect

Construction
load

Earthq uake
action

Persistent
situation

Transient
situation

Serviceability
Limit

state

Short-term
orlong -term

co
m
bination

1.Craneis
fully-loaded

√ √ √ √ √ √ √

2.Craneisno-load+
windload

√ √ √ √ √ √ √

Short-term
co

m
bination

1.Craneis
fully-loaded+ windload+

temperatureeffect
√ √ √ √ √ √ √ √

2.Construction

period
√ √ √

NOTE1 Whentheloadseffectsarecombined,theconditionthat“thepowerhouseroofhasnotbeensealedduring
theconstructionperiod”ortheconditionthat“thepowerhouseroofhasbeensealedbutthesecondphase
concretehasnotbeenplacedfortheturbinepit”shallbetakenintoaccount;theconstructionloadeffect
valuesandtheircombinationshallbedeterminedaccordingtothespecificconditions;

NOTE2 Theeffectoftheframeworktemperatureisdeterminedaccordingtothetypeofupperstructureandtheim-

portance.

9.5.3.6 Thepowerhouseframeworkmaybecalculatedasaplaneframework;itscalculationdiagram
shallbedeterminedaccordingtothefollowingprovisions.

a) Thetransversespanofthepowerhouseshallbedeterminedaccordingtotheaxis;forthe
steppedcolumnwithvariablecross-sections,theaxispassesthroughthemiddlepointofthe
minimumcross-section.
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b) Theheightofthelowercolumnshallbethedistancefromthefixedendofthecolumntothetop
faceofthecorbel.Theheightoftheuppercolumnshallbethedistancefromthetopfaceofthe
corbeltothetopfaceofthecolumnifitishinged,orthedistancefromthetopfaceofthecor-
beltothecentreofthetransversebeamwhentherigidconnectionisadopted.

c) Whenthefloorslab(beam)isconnectedtothecolumnwithsimplesupport,therestraintof
theslab(beam)tothecolumnmaynotbetakenintoaccount;iftheslab(beam)isconnected
asawhole,itshallbeconsideredonthebasisofthefixedhinge,therigidconnectionorthe
elasticjointaccordingtotheslab(beam)rigidity.

d) Theelevationofthefixedendoftheframecolumnfoundationshallbedeterminedaccordingto
theconstraintconditionofthefoundation.

e) Whentheframecolumnandtheroofbeamarecastintoonepieceortheconcretethickplate
structureisadoptedforroof,theconnectionbetweentheframecolumnandtheroofshallbe
consideredtoemploytherigidconnection;whentheroofisarooftruss (prefabricated
concreteorsteelrooftruss)structure,theconnectionbetweentheframecolumnandtheroof
trussshallbeconsideredtoemploythehingeconnection.

9.5.3.7 Thelongitudinalframeworkofthepowerhousemainlybearsthedeadweightofthestruc-
ture,longitudinalhorizontalbrakingforceofthecrane,seismicforce,longitudinalwindload,tem-
peratureinfluenceandlongitudinaleccentricbendingmomentgeneratedbytheverticalcounter-force
differencebetweentwoadjacentcranebeams.Thestandardvalueofthelongitudinaleccentricben-
dingmomentMy,maybeestimatedaccordingtotheFormula(35).

My =ΔRe …………………………(35)

where

ΔR isthestandardvalueofthecounter-forcedifferencebetweenadjacentcranebeams,inkN;

e istheeccentricdistancetothecolumncentreΔR,inm.

9.5.3.8 Thedesignoftheroofsystemshallcomplywiththefollowingprovisions.

a) Theroofmayemploytheconcretestructureorlightsteelstructureaccordingtotheroofload,

powerhousespan,constructiondifficultyandconstructionperiod.

b) Theroofsystemshallbedesignedincombinationwiththenaturalenvironmentofthehydro-
powerstation,powerhouselayoutandoperationrequirements,andmeettherequirementsof
drainage,thermalinsulation,firecontrolandearthquakeresistance;theroofmayemploythe
thermalinsulationsheet;thenaturaldaylightingbandmaybearrangedwhennecessary.
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c) Theroofgradientshallbeselectedincombinationwiththelocalrainfallintensity,roofstructural
typeandstructureelevationtreatment.

9.5.4 Firefightingdesign

9.5.4.1 Thefirehazardsandfireresistanceratingsforthepowerhouseshallbeclassifiedinaccord-
ancewiththeprinciplesstipulatedinnationalstandards.

9.5.4.2 Thenetwidthandverticalspaceofthefirefightingaccessshouldnotbelessthan4.0mre-
spectively,toensurethatthefirefightingtruckcanreachtheentrancetothegroundpowerhouse.
Thereshallbenoobstaclestohindertheoperationofthefirefightingtruckbetweenthefire
drivewayandthepowerhouse.Thefirefightingaccess,firefightingsiteandundergroundpipesand
ditchesshallbeabletobearthepressureoflargetrucks.Theslopeoftheopenlot,forparkingthe
firetrucks,shouldnotbegreaterthan3%.Theendfiredrivewayshallbeequippedwithaturning
laneorturnaround.

9.5.4.3 Themainpowerhouseandauxiliarypowerhousewithheightlowerthan24mshouldbedi-
videdintoonefirefightingzone.Inordertoensurefirefightingsafety,keyplacesthateasilycatch
fireandplaceswithspecialrequirements,suchasoiltanks,oiltreatmentrooms,cablerooms,bus
corridorsandshaftsshallbeseparatedbyfirewalls,firedoors,firewindowsandfirevalves.

9.5.4.4 Thenumberofsafetyexistsforthemainandauxiliarypowerhousesshallnotbelessthan
two,andtheremustbeonethatleadsdirectlytotheground.Theaccesstotheplantmaybeusedas
anemergencyexitdirectlytotheoutdoors.Foreachfloorbelowthegeneratorfloor,thedistance
fromthefurthestindoorworkingplacetonearestemergencyexitshouldnotexceed60m.

9.5.4.5 Doors,walkwaysandstairsforsafeevacuationshallmeetthefollowingrequirements.

a) Thenetdoorwidthshallnotbelessthan0.9mandthedoorshallbeopenedintheevacuationdi-
rection.

b) Thenetwalkwaywidthshallnotbelessthan1.2m.

c) Thestairnetwidthshallnotbelessthan1.1m withaslopeofnomorethan45°.Thestairnet
widthforthemainunitbayshouldnotbelessthan0.8m.

9.5.5 Heatingandventilation

9.5.5.1 Thedesignofheating,ventilationandairconditioningofhydropowerstationshallbeinac-
cordancewithrelevantnationalregulations,whichshallbeeconomicalandreasonable,technologi-
callyadvanced,andmeettherequirementsofindustrialhygieneandenvironmentalprotection.

9.5.5.2 Naturalventilationispreferredforasurfacepowerhouse.Whennaturalventilationcannot
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meettherequirementsofindoorairparameters,combinednaturalandmechanicalventilation,me-
chanicalventilationandlocalairconditioningmaybeused.

9.5.6 Structuraldesign

9.5.6.1 Deformationjointsshallbeprovidedinlightofthefollowingrequirements.

a) Permanentdeformationjointsshouldbeprovidedbetweentheunitbayanditsadjacentstruc-
turessuchasthedam,erectionbayandauxiliarypowerhouse.

b) Theintervalsbetweenthepermanentdeformationjointsoftheunitbayshouldbe20mto30m
andmaybeproperlyincreasedinthecasethatrelatedmeasuresaretaken.

c) Widthofthepermanentdeformationjointsshallbedeterminedbasedonthetemperature-related
buildingdeformation,settlement,anti-seismicstructuralrequirementsandotherconditions.
Thewidthofstructuresonarockfoundationmaybe10mmto20mmandmaybeincreasedfor
itsupperstructure.Thewidthofstructuresonasoftfoundationshallbecalculatedbasedonthe
non-evendeformationofthefoundation.

d) Toensurethewidthofthepermanentdeformationjoints,fillingmaterialsmaybeplacedinthe
joints.Thefillingmaterialsshallbeflexibleandapplicabletothedeformation.

9.5.6.2 Waterstopandmaterialselectionshallmeetthefollowingrequirements.

a) Reliablewaterstopshallbeplacedinthepermanentdeformationjointsandthesettingofthe
water-stopstripsshallbeconducivetothestressconditionsofthestructure.Ifnecessary,

drainageholesandpipesmaybeinstalledafterthewaterstopfacilities.

b) Waterstopmaterialsmaybeofcopperstrip,stainlesssteelstrip,rubber,plastics,asphaltand
macromoleculesyntheticmaterials,selectedinaccordancewiththewidthofthedeformation
joint,waterpressure,environmentalconditionsanditslocation.

c) Waterstopextendedintothefoundationrockmustbeproperlyconnectedtothefoundationand
thedepthintotherockfoundationshouldbe300mmto500mm.

10 Engineeringsafetymonitoring

10.1 Generalprovisions

10.1.1 Necessarymonitoringfacilitiesshallbearrangedaccordingtothedamtype,damheight,ge-
ologicalconditions,structuraltypeandfeatures.Themaintasksofthesafetymonitoringdesignin-
clude:
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a) tomonitortheworkingstateandsafetyoftheprojectstructuresduringtheconstructionperiod,

waterstorageperiodandoperationperiod;

b) toinspectthedesignandguidetheconstructionandoperation;

c) tocollectdataforscientificresearch.

10.1.2 Theprojectsafetymonitoringscopeshallincludethedambody,damfoundation,damabut-
ment,bankslopeclosetothedamareathathasasignificantimpactontheprojectsafetyandother
structuresandequipmentthataredirectlyrelevanttotheprojectsafety.

10.1.3 Thesafetymonitoringdesignshallcomplywiththefollowingprinciples.

a) Thesafetymonitoringsystemshallbeabletoreflecttheactualoperatingperformanceofthe

projectandthefoundationduringtheconstructionperiod,storageperiodandoperatingperiod.

b) Thekeymonitoringdamsectionandthegeneralmonitoringdamsectionshallbedeterminedac-
cordingtothedamheight,geologicalconditions,structuralfeaturesaswellastherepresenta-
tivenessofthesametypeofdam;thekeypointsshallbehighlightedinthelayoutofthemeas-
uringpoints.

c) Themonitoringitemsshallbearrangedwithfullconsiderationandcoordinated.Someimportant
measuringpointsonthekeymonitoringsectionorpositionsmaybemonitoredwithatleasttwo
monitoring methods;theinstrumentsfor monitoringimportantphysicalquantity on key
positionsmaybeprovidedwiththestandbyinstrument.Themonitoringitemsandinstruments
shallbeinstalledwithouteffectingthesafetyoftheproject.

d) Themonitoringinstrumentandequipmenttobeselectedshallbestableandreliableinperform-
ance,andsuitableforlong-termworkinthesevereenvironment.Themeasuringrangeandpre-
cisionoftheinstrumentshallmeetthemonitoringrequirements.Theinstrumentforthekeymo-
nitoringitemstobeobservedoverthelongtermshallbeeasilyreplaced.

e) Theinstruments/equipmentwithadvancedtechnologiesshouldbeadopted,andallowanceshall
bereservedforthefuturetechnicalimprovements.

f) Theonline/automaticmonitoringsystemshouldbearranged,andthemanualobservationcondi-
tionsshallbeavailableaswell.

10.1.4 Inthesafetymonitoringdesign,thefollowingmattersshallbeemphasized.

a) Incoordinationwiththedamstructuraldesign,reasonablylayouttheobservationgalleryand
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observationstation.

b) Providefavourablemobility,lighting,moistureprevention,windproof,drainage,thermalinsu-
lationandsecurityconditionsforthemonitoringfacilities.

c) Theembedmentandinstallationofthemonitoringfacilitiesshallbekeptawayfromthecon-
structiondisturbanceasmuchaspossible.Theinstrumentsandcablesshallbeprotectedwith
effectivemeasures.

d) Thepredictedchangescopeoftheobservedvaluesshouldbeproposedforthemainmonitoring
itemsaccordingtothetheoreticalcalculationorthemodeltestresults.

e) Attentionshallbepaidtothesafetymonitoringdesignfortheconstructionperiodandthefirst
storageperiod,andthereferencevaluesforthemeasuringpointsshallbeobtainedinatimely
mannerforthemainmonitoringitems.Beforewaterfillingforthefirsttime,thedetailedmoni-
toringplanshallbeprepared.Ifthepermanentmonitoringfacilitieshavenotbeencompletedor
themonitoringconditionshavenotbeenprovidedbeforewaterfillingforthefirsttime,corre-
spondingtemporarymonitoringmeasuresshallbetaken.

f) Accordingtothespecificconditionsoftheproject,the monitoringtechnicalrequirements
shouldberaisedforthemonitoringitems.

10.2 Safetymonitoringdesign

10.2.1 Themonitoringofthegravitydamshallmeetthefollowingrequirements.

a) Themonitoringofthegravitydamshallfocusonthedambodydeformationandfoundation
seepage.Themonitoringitemsmaybedeterminedinlightofthedamheight,andprojectfea-
turesaswellasthegeologicalconditions.

b) Thelayoutofthedeformationmonitoringfacilitiesshallmeetthefollowingrequirements.

1) Thehorizontaldisplacementofthedambodyandthedamfoundationshouldbemonitored
withthetensionwirealignmentmethod,vacuumlaseralignmentmethodandnormalline
method.Ifthedamaxisisrelativelyshortandtheconditionsarefavourable,thehorizontal
displacementofthedambodymayalsobemonitoredwiththecollimationlinemethod,or
theairlasercollimationmethod.Fortheendofthecollimationline,theinvertedplumbline
shallbeusedastheoperationcontrolpoint.

2) Thedeflectionofthedambodyshouldbemonitoredwiththenormallinemethod.
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3) Thesurfacehorizontaldisplacementofthebankslopeandthelandslidemassclosetothe
damareashouldbemonitoredwiththetriangulationnetwork,thecollimationlinemethod
andtheintersectionmethod.Thedeephorizontaldisplacementmaybemonitoredwiththe
invertedplumblinegroup,multiplepositionextensometer,deflectometerorclinometers.

4) Theimportantfaultstructureortheweakstructuralsurfacewithinthescopeofthedam
foundationshouldbemonitoredwiththeinvertedplumblinegroup,clinometersorthe
multiplepositionextensometer.

5) Theverticaldisplacementofthedambodyanddamfoundationshouldbemonitoredwith
thepreciselevellingmethodandthevacuumlaseralignmentmethod.Itmayalsobemoni-
toredwiththefluidstaticlevelling methodaccordingtothespecificconditions.The
startingdatummarkforthepreciselevellingmeasurementshouldbelaidoutonthebank
slopebedrocknearthedam.Thestabilityofthestartingdatummarkshallbeperiodicallyin-
spectedwiththebenchmark.Thebenchmarkshallbearrangedinthedownstreamregionof
thedamwhichwillnotbeinfluencedbythedeformationofthereservoirarea.Thevacuum
laseralignmentsystemandthefluidstaticlevellingmeasurementlineshallbearrangedin
thehorizontalgalleryofthedambody;theoperationcontrolpointfortheverticaldisplace-
mentshallbearrangedonbothendsanditsmeasuringpointsshouldbearrangedincoordi-
nationwiththepreciselevellingmeasuringpoints.

6) Theverticaldisplacementofthebankslopeandthelandslidemassclosetothedam mass
shouldbe monitored withthepreciselevelling method,thesettlement meterorthe
multipleposition extensometer.Thealpineregion may also be monitored withthe
triangularelevationmethod.Thetriangularelevationmethodmaybecombinedwiththetri-
angulationnetworkmethodtoobtaina“three-dimensionalnetwork”whennecessary.

7) Thetiltingofthedambodyandthedamfoundationshouldbemonitoredwiththeprecise
levellingmethod,thetiltmeterorthefluidstaticlevellingmethod.

c) Thelayoutoftheseepagemonitoringfacilitiesshallmeetthefollowingrequirements.

1) Thelongitudinalmonitoringsectionandthetransversemonitoringsectionshallbelaidout
accordingtotheprojectscale,geologicalconditionsofthedamfoundationandseepage
controlengineeringmeasures;1to2longitudinalmonitoringsectionsmaybesetandno
lessthan3transversemonitoringsectionsshouldbeselected;theupliftpressureofthe
damfoundationmaybemonitoredwiththepiezometertubeortheosmometer.

● Thelongitudinalmonitoringsectionshouldbelaidoutonthefirstdrainagecurtainline.
Onemeasuringpointshouldbelaidoutineachdamsection.Inthedamsectionwith
complexgeologicalconditions,thequantityofmeasuringpointsshouldbeappropriately
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increased.

● Thetransversemonitoringsectionsshouldbelaidoutinthehighestdamsection,bank
slopedamsectionanddamsectioninthevalleybankplatformwiththecomplexgeolog-
icstructure.Thespacingbetweentransversemonitoringsectionsshouldbe50mto
100m;intheregionwherethegeologicalconditionsofthedamfoundationaresimple,

thespacingmaybegreater.

● Atleast3measuringpointsshouldbelaidoutoneachmonitoringsection.Themeasur-
ingpointsshallbelaidoutinfrontoftheanti-seepagecurtainwhennecessary.When
thereisadownstreamanti-seepagecurtain,themeasuringpointsshallbelaidoutonits
upstreamside.

2) Inthedeepseepagepressuremonitoringofthedamfoundation,thepiezometertube
ortheosmometershallbespecificallylaidoutaccordingtothegeologicalconditionsof
thedamfoundationandthemaingeologicalflaws.Inthecaseoflargefaultsorstrong
permeablezones,themeasuringpointsshallbelaidoutalongthepossibleseepagedi-
rection.

3) Theseepagepressureofthedambodyshouldbearrangedbetweentheupstreamdamsur-
faceandthedambodydrainagepipe,alongthemiddleoftwoadjacentdrainagepipesof
thedambody,betweenthehorizontalconstructionjointsalongthewaterflowdirection
andtheupperandlowerhorizontalconstructionjointsinthedambodyconcrete,andarow
ofseepagepressuremetersshouldbearrangedrespectivelytomonitortheseepagepres-
sureofthehorizontalconstructionjointsandthedambodyconcrete.

4) Formonitoringseepagearoundthedam,2to3monitoringsectionsmaybearrangedalong
theflowlinebehindtheanti-seepagecurtainforthedamabutmentsonbothbanks;atleast
3 measuring pointsshallbearrangedin each monitoring section.The holeforthe

piezometertubeshallbeasdeepasthestrongpermeablelayerandbelowtheunderground
waterlinebeforethedamisbuilt.Afewmeasuringpointsshallbearrangedinfrontofthe
anti-seepagecurtainwhennecessary.

5) Formonitoringtheseepage,themeasuringweirshouldbelaidoutinsectionsonthedrain-
ageditchofthedamfoundationgallerytomonitortheseepageofthedamfoundation,dam
body,riverbedandbothbanksrespectively.Whentheleakageisrelativelysignificantdue
tothedefects,coldjointsandcracksinthedambodyconcrete,theleakageshallbecol-
lectedandthenmeasuredwiththevolumemethod.Withregardtothedrainageholewith
relativelysignificantleakage,theleakageshouldbemeasuredinasingleholewiththevol-
umemethod.
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6) Forwaterqualityanalysis,therepresentativedrainageholesorseepagemonitoringholes
aroundthedamshallbeselected,watersamplesshallbetakenregularlyforwaterquality
analysisandcomparedwithreservoirwaterquality;ifprecipitationorerosionwateris
found,watersamplesshallbetakenforfullanalysis.

d) Thelayoutofthestress,strainandtemperaturemonitoringfacilitiesshallmeetthefollowing
requirements.

1) Onemonitoringsectionverticaltothedamaxisaswellasoneorseveralhorizontalmonito-
ringsectionsshallbelaidoutalongthecentrelineofthekeymonitoringdamsection.

2) Thestressandstrainmonitoringinstrumentsshouldbelaidoutinaconcentratedmanneron
theimportantmonitoringsectionsandthemonitoringcrosssections.Whennecessary,the

peripheryoftherepresentativelargeopeningsandthegallery,thepositionnearthe

junctionfacebetweentheconcreteandthebedrockorotherpositionswithcomplexstress
shallbeselectedtolayoutthemeasuringpoints.

3) Theimportantmonitoringdamsectionmaybeusedasthetemperaturemonitoringdam
section.Themeasuringpointsshallbelaidoutaccordingtothetemperaturefieldofthe
dambody,andthetemperatureofthedamsurfaceandfoundation.Thetemporarytemper-
aturemonitoringduringtheconstructionperiodshouldbecombinedwiththepermanent
temperaturemonitoring.

4) Intheimportantmonitoringdamsection,thejointmetersmaybelaidoutondifferentele-
vationsofthelongitudinalandtransversejointstobegrouted.Inthebankslopedamsec-
tion,thejointmetersshouldbelaidoutonthecontactsurfacebetweentheconcreteand
thebedrockaccordingtothespecificcondition.Withregardtothepositionswhichmay
havecracks,thecrackmetershouldbelaidoutintheconcrete.

5) Thepre-stressedanchorboltorpre-stressedanchorcableshallbesampledtomonitorthe
changesinthestressstate.

6) Themeasuringpointsofthereinforcementstressmaybelaidoutintheimportantrein-
forcedconcretestructures.

10.2.2 Themonitoringofthearchdamshallmeetthefollowingrequirements.

a) Theroutinemonitoringofthearchdamshallfocusonthedeformationstothedambody,arch
supportandseepage.Themonitoringitemsmaybedeterminedinaccordancewiththedam
height,projectfeaturesandgeologicalconditions.
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b) Themonitoringofthehorizontaldisplacementandthedeflectionshallcomplywiththefollowing
provisions.

1) Thehorizontaldisplacementofthedambodyandthedamfoundationmaybemonitoredby
thenormallinemethod,quasi-linearmethod,triangulationnetwork,forwardintersection
methodandthetraversingmethod.

● Thenormallinemethodshouldbepreferredtomonitorthehorizontaldisplacementof
thedambodyandthedamfoundation.

● Theinvertedplumblineshallbearrangedattheendsofthequasi-linesandwiresasthe
operationcontrolpoint.

● Thefixedpointoftheintersectionmethodmaybeverifiedwiththetriangulationnet-
work.

● Thestabilityoftheinvertedplumblineusedastheoperationcontrolpointshallbeperi-
odicallyverifiedbythehorizontalmonitoringcontrolnetwork.

2) Thehorizontaldisplacementofthearchsupportandthebankslopesurfaceclosetothedam
areamaybemonitoredwiththetriangulationnetworkorthetrilaterationnetwork,thein-
tersectionmethodandthequasi-linearmethod.Thehorizontaldisplacementofthearchsup-

portandthebankslopesurfaceclosetothedamarea,aswellasthehorizontaldisplace-
mentduetogeologicalflawslikefaultsandfissuresmaybemonitoredwiththeinverse

plumbgroup,ormonitoredwithelectricmeasuringinstrumentssuchasabedrockdeforma-
tiongauge,multiplepositionextensometerandboreholeinclinometerwhichshouldbelaid
outaccordingtothevariousconditions.

3) Thedeflectionofdambodyshouldbemonitoredwithverticallinemethod.Thereshallbeat
leastthreedeflectionmeasuringpointsinmonitoringdamsection.

c) Themonitoringoftheverticaldisplacementandthetiltingshallcomplywiththefollowingprovi-
sions.

1) Theverticaldisplacementofthedambodyandthedamfoundationshouldbemonitored
withthepreciselevellingmethod.Itmayalsobemonitoredwiththefluidstaticlevelling
methodaccordingtothespecificcondition.

● Thestartingdatummarkforthepreciselevellingmeasurementshouldbelaidoutonthe
bankslopebedrocknearthedam.Thestabilityofthestartingdatummarkshallbeperi-
odicallyinspectedwiththebenchmark.Thebenchmarkshallbearrangeddownstreamof
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thedamwherethereservoirdeformationwillnotbeaffectedorhasslightinfluence.

● Thefluidstaticlevellingmethodappliestothemonitoringoftheverticaldisplacement
ofthedambodyandthedamfoundationinthehorizontalgalleryofthedambody;its
measuringpointsshouldbelaidoutincombinationwiththepreciselevellingpoints.

2) Theverticaldisplacementofthebankslopeandthelandslidemassclosetothedamarea
shouldbemonitoredwiththepreciselevellingmethod.Thetriangularelevationmethodmay
alsobeusedinthealpineregion.Thetriangularelevationmethodmaybecombinedwiththe
triangulationmethodtoobtaina“three-dimensionalnetwork”whennecessary.

3) Thetiltingofthegravityarchdambodyanddamfoundationshallbemonitoredwiththe

preciselevellingmethodorthefluidstaticlevellingmethod.

d) Themonitoringofseepageshallcomplywiththefollowingprovisions.

1) Formonitoringtheupliftpressureonthegravitydamfoundation,thepiezometertubeor
theosmometermaybearrangedonthelongitudinalmonitoringsectionandthetransverse
monitoringsection.

● Thelongitudinalmonitoringsectionshouldbelaidonthefirstdrainagecurtainline
behindtheanti-seepagecurtain;onemeasuringpointshouldbelaidoutoneachdam
section.Inthesectionwithcomplexgeologicalconditions,thequantityofmeasuring
pointsmaybeincreasedappropriately.

● Thetransversemonitoringsectionshouldbelaidalongtheradialdirection;thesection

positionshouldbedeterminedaccordingtothedamheight,damlength,damthickness
andgeologicalconditions.Thereshallbeatleastthreemeasuringpointsfortheuplift

pressureonthetransversemonitoringsection.Themeasuringpointsmaybelaidoutin
frontofthegroutingcurtainintheimportantmonitoringdamsectionwhennecessary.

● Thinarchdamswithgoodgeologicalconditionsmaybeequippedwithfewerornouplift

pressuremonitoringfacilities.

2) Formonitoringthedeepseepagepressureofthearchdamfoundation,thepiezometertube
ortheosmometermaybespecificallyarrangedaccordingtothegeologicalconditionsofthe
damfoundationandtheexistingmaingeologicalflawstomonitortheseepagepressurefor
thedeeppartofthedamfoundationandthebedrockonthearchsupport.

3) Themonitoringofthedambodyseepagepressuremaynotbeperformedforthethinarch
dambody;forthegravityarchdam,theosmometermaybearrangedformonitoringifthe
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drainpipeefficiencyofthedambodyandtheseepagepressuredistributionofthedambody
needtobeobserved.

4) Formonitoringseepagearoundthedam,2to3monitoringsectionsshallbearrangedalong
theflowlinebehindtheanti-seepagecurtainforthedamabutmentsonbothbanks;atleast
3observationholesshallbearrangedineachmonitoringsection.Theholeshallreachthe
strongpermeablestratum,andbedrilledthroughtheundergroundwaterlinebeforethe
damisbuilt.

5) Formonitoringtheseepage,themeasuringweirshouldbearrangedonthedrainageditchin
thegalleryofthedamfoundationtomonitortheseepageofthedamfoundationandthedam
bodyrespectively.Withregardtothedrainageholeswithrelativelyhighseepage,the
measurementshouldbeperformedinasingleholewiththevolumemethod.

e) Themonitoringofthestress,strainandtemperatureshallcomplywiththefollowingprovisions.

1) The monitoringsectionandthe monitoringcross-sectionofthedam bodyshouldbe
selectedaccordingtothedamheight,damlength,shape,dambodystructureandgeolog-
icalconditions,andinaccordancewiththearchsystemandthebeamsystem.

● Theverticalmonitoringsectionperpendiculartothedamaxismaybearrangedalong
theradialdirectiononthearchcrown,1/4archorcantileverbeam withalargeopen-
ing.

● Themonitoringcross-sectionshallbearrangedonthepositionwithmaximumarchsup-

portstress.

● Themonitoringdamsectionforthearchdamtemperatureshallbetheimportantmoni-
toringdamsectionofthesafetymonitoringsystem.

● Themonitoringsectionshouldbelaidoutalongthecentralsectionofthedamsection.

2) Withregardtothelayoutofthemonitoringinstruments,thestrainandstressmonitoring
instrumentsshallbelaidoutinaconcentratedmanneronthemonitoringsectionandthe
monitoringcross-sectiontheofarchdam.Themeasuringpointsmaybelaidoutattherep-
resentativeopening,galleryanddamjointwhennecessary.Themonitoringpointofthe
dambodytemperatureshallbelaidoutaccordingtothestatusofthetemperaturefield.

1) Thetangentialthrustandtheradialshearingforceofthearchsupportshallbethefocus
ofarchdamstressmonitoring.Inadditiontothestraingauge,thecompressionstress
metermayalsobearrangedinthethrustdirectionofthearchtodirectlymonitorthe
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tangentialarchthrust.

2) Thequantity andlayoutoftheinstrumentsinthe strain-gauge arrays shallbe
determinedaccordingtothestressstateofthemonitoringpoints.

3) Inthestresszoneofthearchdam,thedamheelorotherboundarypartswheretensile
stressmayoccur,thecrackmetermayalsobelaidouttomonitorthepossiblecracks
orthecombinationsituationoftheconcreteandbedrockinadditiontothestrain

gauge.

4) Inthetemperaturemonitoringdamsection,3to7monitoringcross-sectionsmaybe
laidoutaccordingtothedifferentdamheights.3to5measuringpointsmaybelaidout
attheintersectionlinebetweenthemonitoringcross-sectionandthecentralsectionof
thedamsection.Onthepositionnearthedamfacewitharelativelysteeptemperature

gradientoraroundthelargeopening,thequantityofmeasuringpointsmaybeappro-

priatelyincreased.Whenthesunlightdifferencebetweenbothbanksofthearchdamis
relativelysignificant,thetemperature measuringpointsshouldbelaidoutonthe
downstreamsurfacesoftheleftandrightarchabutments.Additionaltemperature
measuringpointsmaybearrangedonthestressmonitoringcross-sectionofthearch
support,ifnecessary.

5) Formonitoringthedamfoundationtemperature,5mto10mdeepholesmaybelaid
outatthebottomofthetemperaturemonitoringsection,andthetemperaturegauges
maybeburiedatdifferentdepths.

6) Thetemporarytemperaturemonitoringduringtheconstructionperiodshouldbecom-
binedwiththepermanenttemperaturemonitoring.

7) Formonitoringtheopeningchangesinthetransversejointsorlongitudinaljointsonthe
archdam,acontrolledcrackmetermaybearrangedinthecentreofthegroutingarea
ofthedamjointformonitoring.

10.2.3 Themonitoringoftheconcretefacedrockfilldamshallmeetthefollowingrequirements.

a) Themonitoringfacilitiesfortheconcretefacedrockfilldamshallbelaidoutinlinewiththefol-
lowingprinciples.

1) Theinternaldeformationmonitoringshallbelaidoutincombinationwiththeexternalde-
formationmonitoringtoreflecttheworkingstateofthedam.

2) Theobservationpointsofthedisplacementontheexternalsurfacemaybelaidoutatequal
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intervals.

3) Forinternalmonitoring,atleastonemonitoringtransversesectionshallbelaidoutatthe

positionwiththemaximumdamheight,andthemonitoringlongitudinalsectionsshouldbe
laidoutalongthedamaxis.

4) Theinternalmonitoringfacilitiesshouldbekeptawayfromtheconstructiondisturbanceand
facilitatemonitoringoperationtoensurethatnecessaryprojectmonitoringcanstillbecar-
riedoutunderharshweathercondition.

5) Themonitoringitemssuchasdeformationandseepageshallbeemphasized,withemphasis
onconcretefacedeformation,three-dimensionaldeflectionoftheperipheraljoint,dam
bodydisplacementandseepage.

b) Thepredictedscopeofthemonitoringvaluesshallbedetermined,andthetypeandmeasuring
rangeofthemonitoringinstrumentsshallbeselectedaccordingtothedesigncalculationresults
andthemonitoringresultsofsimilarprojects.

c) Thefollowingmonitoringitemsshallbearranged:

1) verticaldisplacementandhorizontaldisplacementofthedamface;

2) verticaldisplacementinthedambody,horizontaldisplacementalongtheriverdirectionand
horizontaldisplacementalongthedamaxis;

3) jointdisplacement;

4) facedeformationandstrain;

5) ifthedamfoundationhasacoveringlayer,thesettlementmonitoringitemshallbearranged
forthedamfoundationcoveringlayer;

6) seepage.

10.2.4 Themonitoringoftherolledearth-rockdamshallmeetthefollowingrequirements.

a) Theobservationfacilitiesshallbearrangedfortheearthandrockfilldam.Theobservationitems
maybedeterminedaccordingtotheimportanceoftheproject,damtype,damheightandgeo-
logicalconditions.

b) Theobservationoftheearthandrockfilldammainlyincludesroutinevisualinspectionandexter-
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nalobservation.The observationitemsto be arranged shall mainlyincludethe surface
settlementanddisplacement,seepage,theturbidityoftheseepedwaterandtheupstream/

downstreamwaterlevels.

c) 1to2settlementandhorizontaldisplacementobservationsectionsshallbearrangedforthe
earthandrockfilldamalongthedamaxis;2to3observationpointsshallbearrangedonthedam
crestandthedownstreamdamslopeineachsection.Thedisplacementandsettlementgage

pointsshallbelaidoutattheconnectionbetweentheearthdamandtheconcretestructure,the

positionswiththepipeburiedunderthedamandthepositionwithachangeinthedepthoffill-
ing.

d) Thewatermeasurementweirmethodvolumemethodmaybeusedtoobservetheseepage
flow,andtheturbidityoftheseepedwatershallbeobserved.

e) Forthedamonasandgravelcoveringlayer,thewaterlevelobservationpipeshallbearranged
atthedamfoundation,and1to2observationsectionsshallbearrangedalongthedamaxis.
Eachsectionshallbeequippedwith2to3observationpipes.Theobservationpipefortheseep-
agelineofthedambodyshallbearrangedwhennecessary.

f) Forthedambuiltonthesoftsoilfoundation,thesettlementdeformationshallbeobserveddur-
ingtheconstructionperiod;alongwiththeriseofthedambody,theobservationpointsforthe
settlementdisplacementshallbearrangedontheupstream/downstreamdamslopesandbeyond
theslopetoe;thesectionsshallbearrangedatintervalsof50mto100malongthedamaxis;3
to5observationpointsshallbearrangedineachsection.Themeasuringpointsduringthecon-
structionperiodshallbecombinedwiththepermanentgagepoints.Theobservationpipeforthe

porepressureofthedamfoundationshallbearrangedwhennecessary.

g) Whenthefoundationiscollapsibleloess,thegagepointsofthefoundationsettlementandthe
measuringpointsofthedambodysettlementdisplacementmaybearranged.

h) Theappearanceobservation(suchascracks,collapse,upheaval,sandboilingandwaterburst)

shallbecarriedoutfrequentlyandperiodicallyfortheearthandrockfilldam.Thespillway,gate
ofthewaterconveyancetunnelandhoistshallbeperiodicallyinspectedtoensurethatthegate
couldbeflexiblyopenedandclosed.

i) Alltheobserveddataandinspectionresultsshallbesortedandanalysedintime;thetimely
measuresshallbetakenincaseofanyabnormality.

10.2.5 Themonitoringofthepowerhouseshallmeetthefollowingrequirements.

a) Theexternalmonitoringforthepowerhouseshallincludethemonitoringofthedisplacementof
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thestructures,settlement,upliftpressureoffoundationandseepage.

b) Withregardtothefoundationofthepowerhousewithpoorgeologicalconditions,thenecessary
groundstressanddeformationmonitoringshallbearrangedaccordingtothefoundationtreat-
mentdesign.

c) Withregardtothepowerhousefoundationwithconfinedaquiferandthepowerhousefoundation
withdeepslidingsurface,thedeeppressuremeasuringequipmentshallbeburiedinadditionto
themonitoringoftheupliftpressurealongthefoundationsurfaceofthestructure.

d) Withregardtothemonitoringofslopestabilitywithinthepowerhousearea,necessaryslope
displacementdeformation,groundwaterleveland seepage monitoring shallbe arranged
accordingtothehydrogeologicalandengineeringgeologicalconditionsaswellastheengineering
protectiondesign.

10.2.6 Slopemonitoringshallmeetthefollowingrequirements.

a) Slopeoverallstabilitymonitoringshallbegivenpriorityto,whilelocalstabilitymonitoringshall
betakenintoaccount.Stabilitymonitoringismainlybasedontheslopedeformation.Thesurface
displacementshouldbemainlymonitoredinthecasewherethelandslidesurfaceisalreadyde-
termined.

b) Themonitoringofbothdisplacementanddeformationincludesexternalmonitoring(slopedis-

placementand settlement monitoring,cracklength and width monitoring)andinternal
monitoring(undergrounddeformationmonitoring,slidingsurfaceorfaultactivitymonitoring).

c) Groundwatermonitoringincludesmonitoringofthegroundwatertableandpressure,discharge
atthedrainagepointsandwaterquality.

d) Themonitoringoftheslopereinforcementstructuresincludesthestress-strainmonitoringof
theslide-resistantpile,anti-shearhole,anchoragehole,anchorcableandretainingwall.

e) Specialmonitoringofimportantengineeringslopesincludesthemonitoringofprecipitation,

crustalstress,earthquake,etc.

f) Oneormorerepresentativemonitoringprofilesshouldbesetconsideringthegeologicalanden-

gineeringfeaturesofthestrengtheningslope,witheachprofilehavingatleastthreemonitoring
points.Themonitoringprofileshouldbecombinedwithboththegeologicalexplorationprofile
andstabilityanalysisprofileasmuchaspossible.Thelayoutofthesurfacedisplacementmonito-
ringpointsshouldbecombinedwiththelocationsoftheundergrounddeformationmonitoring
pointstocorrelatethesurfacedisplacementwiththeundergrounddeformation.
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g) Surfacedisplacementmonitoring:triangulationnetworkandlevellingnetworkshouldbesetfor
significantslopes.Thegeodeticsurveymethodshouldbeusedtomonitorthesurfaceobserva-
tionpoints.Ingeneral,slopesmaybemonitoredbysimplemeasuringmethodssuchassight
line.

h) Themonitoringofslopesurfaceanddeepcracks:three-dimensionalorsimplejointgaugesare
usedformonitoringaccordingtoitsimportance.Geologicalpatrollinginspectionandmonitoring
ofthedistribution,quantityandlengthshouldalsobecarriedoutforthesurfacecracks.

11 Concretestrength,durabilityandsteelperformance

11.1 Concretestrength

11.1.1 Theconcreteshallmeetthestrengthrequirements,andshallsatisfythedurabilityrequire-
mentsoflowpermeability,frostresistance,anti-erosionandanti-scourrespectivelyaccordingto
theworkingconditionsandregionalclimaticconditionsofthestructures.Withregardtothelarge-
volumeconcretestructurewithrelativelyhighrequirementsforpreventingtemperaturecracks,the
requirementsforhighexpansionandlowheatpropertiesshallbeproposedinthedesign,andlow
heatcementshouldbeselectedortheappropriateadmixtureandadditiveshouldbeadded.

11.1.2 Theconcretestrengthgradeofthereinforcedconcretestructureshallnotbelowerthan
C20;whenreinforcementwithreinforcingtensilestrengthof400MPaandaboveisused,thecon-
cretestrengthgradeshallnotbelowerthanC25.Theconcretestrengthgradeofthepre-stressed
concretestructureshallnotbelowerthanC40.

11.1.3 Thedesignvaluesfcandftfortheaxialcompressionandtheaxialtensilestrengthofthe
concreteshallbedeterminedaccordingto Table32.Whencalculatingcast-in-placereinforced
concretemembersunderaxialcompressionandeccentriccompression,ifthelongsideofthesection
orthediameterislessthan300mm,thedesignvalueoftheconcretestrengthinthetableshallbe
multipliedbythecoefficient0.8;thisrestrictionmaynotimposedwhenthememberquality(suchas
theconcreteplacement,cross-sectionandaxisdimensions)isguaranteed.

Table32 Designvalueoftheconcretestrength Unit:N/mm2

Strength

variety
Symbol

Concretestrengthgrade

C15 C20 C25 C30 C35 C40 C45 C50 C55 C60

Axial

compressive

strength

fc 7.2 9.6 11.9 14.3 16.7 19.1 21.1 23.1 25.3 27.5

Axialtensile

strength
ft 0.91 1.10 1.27 1.43 1.57 1.71 1.80 1.89 1.96 2.04
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11.1.4 Inthedesignofthestructuralmembersoftheconcretestructure,thelong-termstrengthof
theconcreteshouldnotbeused.However,thecompressivestrengthattheageof60daysor
90daysmaybeuseduponsufficientevaluationinaccordancewiththetypeofstructure,regionalcli-
maticconditionsandtimeofloadtransfer.Theincreaseratiointhecompressivestrengthatdifferent
agesoftheconcreteshallbedeterminedthroughtest.Iftestdataisunavailable,theratiomaybe
usedwithreferencetoTable33.

Table33 Ratioofcompressivestrengthatdifferentagesoftheconcrete

Cementvariety
Ageofconcrete

7days 28days 60days 90days

Ordinaryportlandcement 0.55-0.65 1.0 1.10 1.20

Portlandblastfurnaceslagcement 0.45-0.55 1.0 1.20 1.30

Portland-pozzolanacement 0.45-0.55 1.0 1.15 1.25

NOTE Inthetable,thevalueistheratiowhenthestrengthattheageof28daysisassumedtobe1.0;withregard

tothememberscuredwithsteam,theincreaseinthecompressivestrengthalongwiththeagewillnotbe

considered;inthetable,theinfluencesoftheadmixtureandtheadditiveoftheconcretearenotconsidered

inthevalues;inthetable,thevaluesapplytotheconcretewithaconcretestrengthM30orlower;theratio

ofthecompressivestrengthofconcretewithastrengthgradehigherthanM30shallbedeterminedthrough

testing.

11.1.5 ThecompressiveortensileelasticitymodulusEcoftheconcreteattheageof28daysmay
beadoptedwithreferencetoTable36.ThePoisson’sratioνcoftheconcretemaybe0.167.The
shearmodulusGcoftheconcretemaybe0.4timestheelasticitymodulusEcoftheconcretein
Table34.

Table34 Elasticitymodulusoftheconcrete

Concretestrengthgrade
Ec

(N/mm2)
Concretestrengthgrade

Ec

(N/mm2)

C15 2.20×104 C40 3.25×104

C20 2.55×104 C45 3.35×104

C25 2.80×104 C50 3.45×104

C30 3.00×104 C55 3.55×104

C35 3.15×104 C60 3.60×104

11.1.6 Thedensityoftheconcreteshallbedeterminedbytesting.Ifnotestdataisavailable,the
densitymaybetakenas24kN/m3forplaincementconcrete;and25kN/m3forreinforcedcement
concrete.
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11.2 Concretedurability

11.2.1 Permanenthydraulicconcretestructuresshallmeetthedurabilityrequirements.Thecorre-
spondingdurabilityrequirementsmaybeputforwardaccordingtotheenvironmentalcategoryofthe
structure.Thecategoryoftheenvironmentmaybeappropriatelyupgradedordowngradedaccording
totheactualstatusoftheprotectivemeasuresforthestructuresurfaceaswellastheexpectedcon-
structionqualitycontrollevel,butthecategoryoftheenvironmentshallnotbelowerthancategory
ⅠnorhigherthancategoryⅤ.Thedurabilityrequirementmaynotberequiredfortemporarystruc-
tures.

11.2.2 Thedurabilityrequirementsofconcretestructuresshallbedesignedaccordingtothedesign
servicelifeofthestructureandtheenvironmentcategoryspecifiedinTable35.Whenthetechnical
conditionscannotensurethatallthestructural(components)membersofthestructurecanachieve
thesamedurabilityasthedesignedservicelifeofthestructure,thedesignshouldstipulatethenum-
beroftimesthatthestructural(components)membersneedtobeoverhauledorreplacedduringthe
designedservicelife.Allthestructuralmemberslistedrequiringoverhaulorreplacementshallbede-
signedinconsiderationofitsabilitytoberepairedorreplacedunderconstructionandoperatingcon-
ditions.Thedesignedservicelifeofstructuralmembersthatarenotqualifiedforrepairshallbethe
sameasthedesignedservicelifeofthewholestructure.

Table35 Environmentcategoriesforhydraulicconcretestructures

Environment
categories

Conditions

Ⅰ Indoornormalenvironment

Ⅱ Indoorhumidenvironment;outdoorenvironment;underwaterorundergroundforlongterm

Ⅲ Waterlevelchangingregion,undergroundenvironmentwithcorrosivegroundwater;underseawater

Ⅳ Atmosphericregiononthesea;lightsaltmistactionregion

Ⅴ
Environmentinwhichde-icingsaltisused;seawaterlevelchangingregionandwavesplashingregion;

atmosphericregionontheseawithinthescopeof15mabovetheMeanSealevel;heavysaltmist
actionregion;environmentwithseriouscorrosivemediumaction

NOTE1 Theboundarybetweentheatmosphericregionatseaandthewavesplashingregionisthedesignmaximum
waterlevelplus1.5m;theboundarybetweenthewavesplashingregionandthewaterlevelchangingre-

gionisthedesignmaximumwaterlevelminus1.0m;theboundarybetweenthewaterlevelchangingre-

gionandtheunderwaterregionisthedesignminimumwaterlevelminus1.0m;theheavysaltmistaction
regionreferstotheonshoreoutdoorenvironmentwithinthescopeof50mfromthefloodtideline;the
lightsaltmistactionregionreferstotheonshoreoutdoorenvironmentwithinthescopeof50mto200m
fromthefloodtideline.

NOTE2 WithregardtothestructuresunderenvironmentalconditionsofcategoriesIIandIIIwithrelativelyserious
freezethawing,itsenvironmentcategorymaybeupgradedbyonecategory.
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11.2.3 ThedesignedservicelifeoftheSHPstationis50years.Thebasicdurabilityrequirementsof
thereinforcedconcreteshouldmeettherequirementsinTable36.

Table36 Basicrequirementsfordurabilityofreinforcedconcrete

Environment

category

Minimum

strengthgrade

ofconcrete

Minimum

cementdosage
(kg/m3)

Maximum

water-cement

ratio

Maximum

chlorineion

content(%)

Maximumalkali

content(kg/m3)

Ⅰ

Ⅱ

Ⅲ

Ⅳ

Ⅴ

C20

C20

C25

C30

C35

220

260

300

320

360

0.60

0.55

0.50

0.45

0.40

1.0

0.3

0.2

0.1

0.06

Notlimited

3.0

3.0

2.5

2.5

NOTE1 Theminimumstrengthgradeofconcreteforthepre-stressedconcretestructurewithsteelwireandsteel

strandshouldnotbelowerthanM40;theminimumcementdosageshouldnotbelessthan300kg/m3;

NOTE2 Whentheactiveadmixtureoradditivewhichcouldimprovethedurabilityisaddedintotheconcrete,the

minimumcementdosagemaybeappropriatelyreduced;

NOTE3 Withregardtotheupperstructureofthebridgeaswellasthebeamandcolumnstructuresintheopenen-

vironment,theconcretestrengthgradeshouldnotbelowerthanC25;

NOTE4 Thechlorineioncontentreferstothepercentageofchlorineioninthecementdosage;thechlorineions

contentinthepre-stressedconcretemembershouldnotbemorethan0.06%;

NOTE5 Whenanon-alkalinereactionaggregateisused,thealkalicontentintheconcretemaynotbelimited;

NOTE6 WithregardtothestructuralmembersofastructureintheenvironmentofcategoriesⅢandⅣandsubject

toseriousfrost,themaximumwater-cementratiooftheconcreteshallmeetthefrostresistancedesignre-

quirementsofthehydraulicstructure;

NOTE7 Intheseawaterlevelchangingregionandwavesplashingregionofthehotarea,allkindsofbasicrequire-

mentsforthedurabilityoftheconcreteshouldbeappropriatelystricterthanthosespecifiedintheTable.

11.2.4 Whenthedurabilityneedstobeconsideredfortheplainconcretestructure,thebasicre-

quirementsofdurabilitymaybedowngradedbyonecategoryfromtheactualenvironmentcategory
andwithreferencetoTable36herein.

11.2.5 Withregardtothestructurewithananti-seepagerequirement,theconcreteshallmeetthe

provisionsoftherelevantanti-seepagegrade.Theanti-seepagegradeoftheconcreteshallbetested
accordingtothestandardspecimenattheageof28days;andtheanti-seepagegradesforthecon-
creteinclude:W2,W4,W6,W8,W10andW12.Theanti-seepagegradesalsomaybemeasured
withthespecimenattheageof60daysor90dayswithreferencetothetimewhenthestructure
startstobearwaterpressure.Theanti-seepagegradesoftheconcreteforthestructureshallbede-
terminedaccordingtothehead,thehydraulicgradientaswellasthedownstreamdrainagecondi-
tions,waterqualityconditionsandhazardratingoftheinfiltrationwater,andshallnotbelowerthan
thevaluespecifiedinTable37.
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Table37 Minimumallowablevaluesfortheconcreteanti-seepagegrades

No. Structuraltypeandoperatingconditions Anti-seepagegrades

1
Downstreamsurfaceofthelarge-volumeconcretestructureandinteriorof

structures
W2

2
Water-retainingsurfaceofthelarge-volume

concretestructure

H<30 W4

30≤H<70 W6

70≤H<150 W8

H≥150 W10

3

Downstreamfaceofthestructuralmembers

oftheplainconcreteandreinforcedconcrete

structure,wherethewatercanseepfreely

I<10 W4

0≤I<30 W6

30≤I<50 W8

I≥50 W10

NOTE1 Hreferstothehead(m)andireferstothehydraulicgradient;

NOTE2 Whenthededicatedreliableimperviousbarrierhasbeenlaidonthesurfaceofthestructure,theconcrete

anti-seepagegradespecifiedinthistablemaybeappropriatelydowngraded;

NOTE3 Withregardtothestructuressubjecttocorrosivewateraction,theconcreteanti-seepagegradeshallbee-

valuatedthroughdedicatedtests,butshallnotbelowerthanW4;

NOTE4 Withregardtothestructuralmembers(suchasthecut-offwallofthefoundation)buriedinthefoundation,

theconcreteanti-seepagegrademaybeselectedaccordingtotheprovisionsofItem3inthisTable;

NOTE5 Withregardtothestructuralmembersofplainconcreteandthereinforcedconcretestructuresinwhichthe

watermayseepfreelyfromthedownstreamface,theconcreteanti-seepagegrademaybedowngradedby

onegradeaccordingtoItem3inthetablewhentheheadislessthan10m;

NOTE6 Withregardtothestructuresintheseverecoldregion,thecoldregionandwitharelativelysteephydraulic

gradient,theanti-seepagegradeshallbeupgradedbyonegradeaccordingtotheprovisionsintheTable.

11.2.6 Thefrostresistantgradeoftheconcreteshallbemeasuredwiththequickfrosttestmethod
byusingthespecimenattheageof28days,whichcontainssixgrades,namelyF400,F300,F200,

F150,F100andF50.Upontesting,thefrostresistantgrademayalsobemeasuredwiththespecimen
attheageof60daysor90days.Withregardtothestructureswithafrostresistancerequirement,

thefrostresistantgradesshallbeselectedwithreferencetoTable38accordingtotheclimaticre-

gions,frost-thawcycletimes,localmicro-climaticconditionsofthesurface,thedegreeofmoisture
saturationandthemaintenanceconditions.Whentherearealotofunfavourablefactors,thefrost
resistancegrademaybeupgradedbyonegrade.
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Table38 Frostresistancegradesforconcrete

No.
Climaticregions Severecold Cold Mild

Annualfrost-thawcycletimes ≥100 <100 ≥100 <100 —

1

Locationssubjecttoseverefrostanddifficulttotreat
(1)Tailwaterpositionofthehydropowerstation,thewater

levelchangingregioninwinterattheinlet/outletofthestor-

agehydropowerstation,thesecondphaseconcreteofthe

gateslot,andtherailfoundation;

(2)Structuralmembersandsecondphaseconcreteinthe

waterlevelchangingregionofthenavigationlocknavigable

inwinterorunnavigableundertheinfluenceofthetailwater

levelofthehydropowerstation;

(3)Overflowsurfaceandsecondphaseconcreteofthespill-

way,thegloryholeorotherwaterconveyancepositions

withflowvelocitygreaterthan25m/s,withfloatingice,

heavysedimentorheavybedload;

(4)Openreinforcedconcretepenstock,flumeandthin-wall

fillinggatewellwithwaterinwinter.

F300 F300 F300 F200 F100

2

Locations subject to severe frost but with ease of

treatmentconditions
(1)Waterlevelchangingregioninwinterontheupstream

faceofthelarge-volumeconcretestructure;

(2)Tailraceofthehydropowerstationornavigationlock,

barricadeandprotectionslopeoftheapproachchannel;

(3)Overflowsurfacesofthespillway,waterconveyance

tunnelandwaterdiversionsystem withaflowvelocityless

than25m/s;

(4)Pavement,platformhandrails,cornice,wall,slab,col-

umn,pier,galleryorthin-walloftheverticalshaft,proneto

snowaccumulation,frostingorsaturation.

F300 F200 F200 F150 F50

3

Locationssubjecttorelativelyseverefrost
(1) Exposed locations of the large-volume concrete

structureontheshadowedside;

(2)Channelstructureswithwaterorpronetosnowaccu-

mulationandicingforlongdurationinwinter

F200 F200 F150 F150 F50
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Table38(continued)

No.
Climaticregions Severecold Cold Mild

Annualfrost-thawcycletimes ≥100 <100 ≥100 <100 —

4

Locationssubjecttorelativelymildfrost
(1) Exposed locations of the large-volume concrete
structureonthesunnyside
(2)Drychannelstructureswithoutwaterinwinter
(3)Underwaterthin-wallmember;
(4) Overflow surface with a flow velocity greater
than25m/s

F200 F150 F100 F100 F50

5
Concreteunderwater,inthesoilandtheinternalconcretein
largevolume

F50 F50 — — —

NOTE1 Theannualfrost-thawcycletimesrefertothealternatecycleoftheairtemperaturedroppingfromabove
+3℃tobelow -3℃andthenrisinguptoabove+3℃inoneyearandtherise-falltimesofthedesign

pre-setwaterlevelswhentheaveragedailyairtemperatureislowerthan-3℃inoneyear,whicheveris

greater;

NOTE2 Theclimatezoningstandardisasfollows:

Severecoldregionreferstotheregionwiththelowestaveragemonthlytemperaturelowerthanorequalto
-10℃overtheyears;

Coldregionreferstotheregionwiththelowestaveragemonthlytemperaturehigherthan-10℃,butlow-
erthanorequalto-3℃overtheyears;

Mildregionreferstotheregionwiththelowestaveragemonthlytemperaturehigherthan-3℃.
NOTE3 Thewaterlevelchangingareainwinterreferstothelocationsfrom0.5mto1mbelowthepossiblemini-

mumwaterlevelinwinterto1m(sunnyside),2m(shadowside)or4m(tailwaterregionofthehydro-

powerstation)abovepossiblemaximumwaterlevelinwinterduringtheoperatingperiod.
NOTE4 Thesunnysidereferstothesurfacewhichwillnotbeshadedbythemassiforbuildingifthemostofthe

daysinthewinterareclearandtheaveragesunshinetimeis4hrsormore.Otherwise,itshallbeconsidered
astheshadowside.

NOTE5 Thefrostresistantgradeoftheconcreteintheregionwiththelowestaveragemonthlytemperaturelower
than-3℃shouldbedeterminedthroughexperimentationaccordingtothespecificconditions;

NOTE6 Intheregionnotrequiredtohavefrostresistancetreatment,theconcretefrostresistancegradeshouldnot
belowerthanF50.

11.2.7 Theairentrainingadmixtureshallbemixedintothefrost-resistantconcrete.Thevarietyand
quantityofcement,admixtureandadditive,thewater-cementratio,mixproportionandaircontent
shallbedeterminedthroughtestsorselectedaccordingtothedesignrequirementsoffrost-
resistanceofhydraulicstructures.Theairentrainingadmixtureshouldbemixedintotheconcrete
usedinthemarineenvironmenteventhoughthereisnofrostresistancerequirement.

11.2.8 Withregardtotheconcreteincontactwiththecorrosivemedium,anti-corrosivecement
shallbeused,mixedwithhigh-qualityactiveadmixture,oratthesametime,thespecialsurface
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coatingandotherprotectivemeasures.Forthepartssufferingfromhigh-velocityflowcavitation
erosion,measuressuchasreasonablestructuralprofile,improvingventilationcondition,increasing
concretedensity,strictlycontrollingtheflatness ofthestructuresurface orsetting special
protectivesurfacelayershallbeadopted.Forthepartswithsedimentabrasion,hardaggregatesshall
beused,thewater-cementratioshallbereduced,theconcretestrengthgradeshallbeupgradedand
theconstructionmethodshallbeimproved;wear-resistantsurfaceprotectivematerialsorfibrecon-
creteshallbeusedwhennecessary.

11.2.9 WhentheenvironmentcategoryiscategoryIVorcategoryV,theshapeofthestructure
shallberegular,andthestructuretypewiththin-wall,ribbedshapeandmulti-angularshouldnotbe
used.Withregardtothereinforcedconcretesurfaceandlocationspronetohighconcentrationsof
de-icingsaltandseriouschlorinesaltcorrosion,theanti-corrosivematerialsmaybeappliedbydip-
coatingorcovering;thecorrosioninhibitormaybeaddedintotheconcrete;theload-bearingbar
shouldemploytheribbedbarwithepoxycoating;withregardtopre-stressedreinforcement,an-
chorageandconnector,dedicatedprotectivemeasuresshallbetaken;withregardtoimportant
structures,thecathodicprotectionmeasuresmaybetakenafterthereinforcementiscorroded,and
theconditionsforimplementingcathodicprotectioninthefutureshallbeprovidedforinthedesign
andconstruction.

11.3 Reinforcement

11.3.1 Theconfidencelevelforthestrengthstandardvalueofthereinforcementshallnotbeless
than95%.Thestandardstrengthvalueoftheregularreinforcementisdeterminedaccordingtothe
yieldstrength,expressedwithfykandshallbeadoptedwithreferencetoTable39;thestandard
strengthvalueofthepre-stressedsteelstrand,steelwire,heat-tamperedbarandtwistedsteelis
determinedaccordingtotheultimatetensilestrength,expressedbyfptkandadoptedwithreference
toTable40.

Table39 Standardstrengthvalueoftheregularreinforcement Unit:N/mm2

Variety Symbol d (mm) fyk

Hot-rolledsteelbar

HPB235(Q235) Ф 8~20 235

HRB335(20MnSi) B 6~50 335

HRB400(20MnSiV,20MnSiNb,20MnTi) C 6~50 400

RRB400(K20MnSi) CR 8~40 400

NOTE1 Thediameterdofthehot-rolledsteelbarreferstothenominaldiameter;

NOTE2 Whenthediameterofthereinforcementismorethan40mm,reliableengineeringpracticeistobeadopted.
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Table40 Standardstrengthvalueofthepre-stressedreinforcement Unit:N/mm2

Variety Symbol
Nominaldiameterd

(mm)
fptk

Steel
strand

1×2

1×3

1×3I

1×7

(1×7)C

φS

5,5.8 1570,1720,1860,1960

8,10 1470,1570,1720,1860,1960

12 1470,1570,1720,1860

6.2,6.5 1570,1720,1860,1960

8.6 1470,1570,1720,1860,1960

8.74 1570,1670,1860

10.8,12.9 1470,1570,1720,1860,1960

8.74 1570,1670,1860

9.5,11.1,12.7 1720,1860,1960

15.2 1470,1570,1670,1720,1860,1960

15.7 1770,1860

17.8 1720,1860

12.7 1860

15.2 1820

18.0 1720

Stress
relieved
steelwire

Plainsteel
wire

Helicalrib
steelwire

φP

φH

Indented
wire

φI

4,4.8,5 1470,1570,1670,1770,1860

6,6.25,7 1470,1570,1670,1770

8,9 1470,1570

10,12 1470

≤5 1470,1570,1670,1770,1860

>5 1470,1570,1670,1770

Heat
tempered

bar

40Si2Mn

48Si2Mn

45Si2Cr

φHT

6

8.2

10

1470

Twisted
steel

PSB785

PSB830

PSB930

PSB1080

φPS 18,25,32,36,40

980

1030

1080

1230

NOTE1 Diameterdofthesteelstrandreferstothecircumscribedcirclediameterofthesteelstrand,i.e.thenomi-
naldiameterDn;thediameterdofthesteelwire,heat-temperedbarandtwistedsteelreferstothenomi-

naldiameter;

NOTE2 1×3Ireferstothesteelstrandlaidwiththreeindentedwires;(1×7)Creferstothesteelstrandlaidwith
sevenwiresandsubjecttodie-drawing.
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11.3.2 Tensilestrengthdesignvaluefyandthecompressivestrengthdesignvaluef'yoftheregular
reinforcementshallbeadoptedwithreferencetoTable41;thetensilestrengthdesignvaluefpyand
compressivestrengthdesignvaluef'pyofthepre-stressedreinforcementshallbeadoptedwithrefer-
encetoTable42.Whenreinforcementsofdifferentvarietiesareusedinthestructuralmembers,
eachvarietyofreinforcementshallemployitsownstrengthdesignvalue.

Table41 Designstrengthvaluesoftheregularreinforcement Unit:N/mm2

Variety Symbol fy f'py

Hot-rolled
steelbar

HPB235(Q235) φ 210 210

HRB335(20MnSi) B 300 300

HRB400(20MnSiV,20MnSiNb,20MnTi) C 360 360

RRB400(K20MnSi) CR 360 360

NOTE Inthereinforcedconcretestructure,whenthetensilestrength(designvalue)ofthereinforcementforthe
axialtensionandthesmalleccentrictensionmembersismorethan300N/mm2,thevalueof300N/mm2shall
beadoptednonetheless.

Table42 Designstrengthvaluesofthepre-stressedreinforcement Unit:N/mm2

Variety Symbol fptk fpy f'py

Steelstrand

1×2
1×3
1×3I
1×7
(1×7)C

φS

1470 1040

1570 1110

1670 1180

1720 1220

1770 1250

1820 1290

1860 1320

1960 1380

390

Stressrelieved
steelwire

Plainsteelwire
Helicalribsteel

wire
Indentedwire

φP

φH

φI

1470 1040

1570 1110

1670 1180

1770 1250

1860 1320

410

Heat-tempering
bar

40Si2Mn

48Si2Mn

45Si2Cr

φHT 1470 1040 400

Twistedsteel

PSB785

PSB830

PSB930

PSB1080

φPS

980 650

1030 685

1080 720

1230 820

400

412

SHP/TG002-5:2019



11.3.3 TheelasticitymodulusEsofthereinforcementmaybeadoptedwithreferencetoTable43.

Table43 ElasticitymodulusEsofthereinforcement Unit:N/mm2

Varietyofreinforcement Es

HPB235-gradereinforcement 2.1×105

HRB335-gradereinforcement,HRB400-gradereinforcementand
RRB400-gradereinforcement

2.0×105

Stressrelievedsteelwire(plainsteelwire,helicalribsteelwireandindentedwire) 2.05×105

Steelstrand 1.95×105

Heat-temperingbarandtwistedsteel 2.0×105

NOTE Themeasuredelasticitymodulusmaybeusedforthesteelstrandwhennecessary.
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AppendixA
(Normative)

Calculationofthewaverun-up

A.1 Basicelementsforwindwavecalculation

A.1.1 Annualmaximum windspeed.Itreferstotheannualmaximumvalueoftheaveragewind
speedfor10minutesattheheightof10mabovethewatersurface;thewindspeedattheheight
Z(m)abovethewatersurfaceshallbemultipliedbythecorrectionfactorKzinTableA.1beforeuse.
Ifthedatafromtheonshoreobservationstationisused,itshallbecorrectedtothewindspeedat
theheight10mabovethereservoirwatersurfacewithreferencetotherelevantdata.Iftheob-
servedwindspeeddataisunavailable,thewindspeedmaybeestimatedaccordingtothewindforce
whichoccurredinthisregionwithreferencetotheBeaufortscaleforwavecalculation.Inthecoastal
region,theconditionthatthefloodlevelandmaximumwaveoccuratthesametimeshallbeconsid-
ered.

TableA.1 Correctioncoefficientofthewindspeedheight

HeightZ (m) 2 5 10 15 20

Correction
CoefficientKz

1.25 1.10 1.00 0.96 0.90

A.1.2 Thefetchlength(effectivefetch)shallbedeterminedaccordingtothefollowingconditions.

a) Whenthewaterareaonbothsidesofthewinddirectionisrelativelywide,thelineardistance
fromthecalculationpointtotheothersidemaybeused.

b) Whenthereislocalnarrowingalongthewinddirectionandthewidthofthenarrowingpointbis
lessthan12timesthecalculatedwavelength,thelengthofthewindzonemaybedefinedas
5timesb,andatthesametime,itisnotlessthanthestraight-linedistancefromthecalculated
pointtothenarrowingpoint.

c) Whenthewaterareaonbothsidesofthewinddirectionisnarrowortheshapeofthewaterar-
eaisirregular,orthereisabarrierlikeanisland,theprincipalraymayintersectwiththebound-
aryofthewaterareaagainstthewindfromthecalculationpoint,thenseveralraysshallbe
madeatanintervalof7.5°onbothsidesoftheprincipalrayandrespectivelyintersectwiththe
boundaryoftheseawater.AsshowninFigure A.1,D0 referstothedistancefrom the
calculationpointtotheothersidealongthedirectionoftheprincipalray,Direferstothedis-
tancefromthecalculationpointtotheothersidealongthedirectionofrayi;αireferstothein-
tersectionanglebetweenrayiandprincipalray,ai=7.5i(usuallyi=±1,±2,±3,±4s,±5
and±6);ifassuminga0=0,theequivalentfetchlengthD maybecalculatedinaccordancewith
612
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theFormula(A.1).

D=∑
iDicos2ai

∑icosai
(i=0、±1、±2、±3、±4、±5、±6) …………(A.1)

Key
1 prevailingwinddirection

FigureA.1 Calculationschematicdiagramofequivalentfetch

A.1.3 Averagedepthoftheseaareainthefetch.Theaveragedepthshouldbeobtainedaccording
totheterrainprofilepreparedalongthewinddirection;thecalculatedwaterlevelshallbeconsistent
withthestaticwaterlevelunderthecorrespondingdesignconditions.

A.2 Calculationofthewaveparameters

A.2.1 Thedesignwindspeedforwavecalculationshallbebasedonthelocalmeasuredmaximum
windspeeddataovertheyearsandshallbeasfollows.

a) Undernormaloperatingcondition(normalwaterlevel),thedesignwindspeedshallbe1.5times
theannualaveragemaximumwindspeed.

b) Underabnormaloperationconditions(checkwaterlevel),thedesignwindspeedshallbethean-
nualaveragemaximumwindspeed.

A.2.2 Accordingtothespecificconditionsoftheproposedreservoir,thewaveparametersshallbe
calculatedaccordingtothefollowingthreeconditions.

a) Thewaveparameterofthereservoirintheplainandcoastalregionshouldbecalculatedaccord-
ingtotheFormulas(A.2)and(A.3).

ghm

v2
0

=0.13th0.7
gHm

v2
0

æ

è
ç

ö

ø
÷

0.7
é

ë
êê

ù

û
úúth

0.0018gD/v2
0( ) 0.45

0.13th0.7 gHm/v2
0( ) 0.7[ ]{ } …………(A.2)
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gTm

v0
=13.9

ghm

v2
0

æ

è
ç

ö

ø
÷

0.5

…………………………(A.3)

where

hm isthemeanwaveheight,inm;

Tm isthemeanwaveperiod,ins;

v0 isthecalculatedwindspeed,inm/s;

D isthefetchlength,inm;

Hm isthemeanwaterdepthofthewaterarea,inm;

G isthegravityacceleration,take9.81m/s2.

b) Thewaveparameterofthereservoirsinthehillyandplainareashouldbecalculatedaccordingto
theFormulas(A.4)and(A.5)(applytoadeepreservoir,v0<26.5m/sandD<7.5km).

gh2%

v2
0

=0.00625v1/6
0

gD
v2

0
{ }

1/3

……………………(A.4)

gLm

v2
0

=0.0386 gD
v2

0

æ

è
ç

ö

ø
÷

1/2

…………………………(A.5)

where

h2% isthewaveheightwithacumulativefrequencyof2%,inm;

Lm isthemeanwavelength,inm.

c) ThewaveparametersofthereservoirininlandgorgeshouldbecalculatedaccordingtotheFor-
mulas(A.6)and(A.7)(applytov0<20m/sandD<20km).

gh
v2

0
=0.0076v-1/12

0
gD
v2

0

æ

è
ç

ö

ø
÷

1/3

……………………(A.6)

gLm

v2
0

=0.331v-1/2.15
0

gD
v2

0

æ

è
ç

ö

ø
÷

1/3.75

……………………(A.7)
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where

h isthewaveheighth5% atacumulativefrequencyof5% whengD/v2
0=20to250;

isthewaveheighth10% atacumulativefrequencyof10% whengD/v2
0=250to1000.

A.2.3 TherelationshipbetweenwaveheighthPatthecumulativefrequencyofP(%)andthemean
weightheightmaybeconvertedwithreferencetoTableA.2.

TableA.2 RatiobetweenwaveheighthPandthemeanwaveheightatthecumulative
frequencyofP(%)

H/d P(%) 0.1 1 2 3 4 5 10 13 20 50

0.0

0.1

0.2

0.3

0.4

0.5

HP/H

2.97 2.42 2.23 2.11 2.02 1.95 1.71 1.61 1.43 0.94

2.70 2.26 2.09 2.00 1.92 1.86 1.65 1.56 1.41 0.96

2.46 2.09 1.96 1.88 1.81 1.76 1.59 1.51 1.37 0.98

2.23 1.93 1.82 1.76 1.70 1.66 1.52 1.45 1.34 1.00

2.01 1.78 1.69 1.64 1.60 1.56 1.44 1.39 1.30 1.01

1.80 1.63 1.56 1.52 1.49 1.46 1.37 1.33 1.25 1.01

A.2.4 ThemeanwavelengthLmandthemeanwaveperiodTm maybeconvertedaccordingtothe
Formula(A.8).

Lm =
gT2

m

2πth2πH
Lm

……………………(A.8)

A.2.5 Thealtitudeofthewindbanked-uphzmaybeconvertedaccordingtotheFormula(A.9).

hz=
kv2

0D
2gHm

cosβ …………………………(A.9)

where

k isthecomprehensivecoefficientforfrictionresistance,use3.6E-6;

β istheintersectionbetweenthecalculationwinddirectionandthelinethatisperpendiculartothe
damaxis,in(°).

A.3 Calculationofthewaverun-up

A.3.1 Thedesignwaverun-upoftheearthandrockfilldam(rockfilldam)employstherun-upvalue
R5% atthecumulativefrequencyof5%.Withregardtothedam withadamheightover30m,the
run-upvalueR1% atthecumulativefrequencyof1%shallbeused.
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A.3.2 Underthedirectactionofthewind,therun-upoftheforwardwaveonthesingleslopemay
bedeterminedwiththefollowingmethod.

a) Whenm=1.5to5.0,

RF=
KΔKVKF

1+m2
HL …………………………(A.10)

where

RF isthewaverun-upatcumulativefrequencyF,inm;

KΔ istheroughnessfactorpermeabilitycoefficientoftheslope,tobevaluedinaccordancewith
thetypeofsurfaceprotection.1.0forbituminousconcrete,0.9forconcrete,0.75to0.8for
masonryand0.85to0.9forturf;

KV istheempiricalcoefficient;tobevaluedinaccordancewithTableA.3;

KF istheconversionratiofortherun-upcumulativeratio,tobevaluedinaccordancewithTa-
bleA.4;

m isthesloperatio;

H isthemeanwaveheightofthewaveinfrontofthelevee,inm;

L isthemeanwavelengthofthewaveinfrontofthelevee,inm.

TableA.3 EmpiricalcoefficientKV

V
gd

≤1 1.5 2.0 2.5 3.0 3.5 4.0 ≥5.0

KV 1.00 1.02 1.08 1.16 1.22 1.25 1.28 1.30

TableA.4 Conversionratioofthecumulativefrequencyoftherun-upKF

H
d

F(%) 0.1 1 2 3 4 5 10 13 20 50

<0.1
0.1~0.3
>0.3

RF

R

2.66
2.44
2.13

2.23
2.08
1.86

2.07
1.94
1.76

1.97
1.86
1.70

1.90
1.80
1.65

1.84
1.75
1.61

1.64
1.57
1.48

1.54
1.48
1.40

1.39
1.36
1.31

0.96
0.97
0.99

Note:R—meanrunup,KF=
RF

R
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b) Whenm≤1.25,

RF=KΔKVKFR0H …………………………(A.11)

where

R0 istherelativerun-upvalueofthesmoothslope(KΔ=1)withoutwind,tobedetermined
accordingtoTableA.5.

TableA.5 ValueR0

m=cotα 0.00 0.50 1.00 1.25

R0 1.24 1.45 2.20 2.50

c) When1.25<m<1.5,thecalculatedvaluesofm=1.5andm=1.25maybedeterminedbyinter-
polation.
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