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Research question Experimental setup

Test

name

;ycleBspecification ;ycle

length

;omment

from to

;alibration

crackmeter
f f f ;onditions=B“SO”°;BandB“:O:kBrH

Test Sj V°; – Pjk S(°; – :Pk
Variable

AS,“ monthx
SampleBHISfN( dBcrackmeter

Test S” V°; – Pjk S(°; – :Pk S“h ;alibrationBcrackmeter

N

securityBgallery

motorwayBtunnel

/ZfHBniche

MtOBTerriBRockB
Laboratory

Rationale

FtBtheB/ZfHBnicheBinBMtOBTerriBRockBLaboratoryBanBexperimentalB

deviceBwasBsetfupBtoBstudyBtheBinfluenceBofBseasonalBvariationsBin

airBtemperatureBandBhumidityBonBOpalinusBclayOB

FBcyclicBdeformationvBexpressedBbyBanBopeningBandBclosureBofBjointsvB

hasBbeenBobservedBwithBincreasinglyBsmallerBaperturesBofBjointsOB

TheBdeformationBcyclesBcorrelatedBwithBtheBseasonalBconditionsO

Objectives

BBBBBBBBSetBupBaB“controlledBcondition”BlaboratoryBexperimentBtoBassessB

theBrelationBbetweenBtheBrelativeBhumidityBandBtheBdeformationBofB

OpalinusBclayvBexcludingBtemperatureBeffectsBandBtheBeffectsBofB

confiningBstressOB

BBBBBBBB/valuateBtheBsuitabilityBofBaBcrackmeterBBbasedBonBaBtwoBplatesB

capacitorBtoBquantifyBtheBdynamicsBofBtheBopeningBandBclosingBofBaB

crackBandBtheBgoverningBfactorsBofBtheBexperimentalBdeviceOB

TheBOpalinusBclayBdrillBcoreBusedBinBthisBexperimentBwasBsampledB

fromBtheB/ZfHBnicheBAMontBTerriBrockBlaboratoryxO

Core sample

PV;BrigidBpipe

resinBfilledBannularBspace
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9

:

°6

Ox

7

OO

OW

Left=BphotographsBofBtheBclimateBcabinet

Right=BexperimentBsetBup=B

ASxBunitBP;vBA“xBP;BdisplayvBA”xBclimateBcabinetvBA(xBneonBtubevB

A)xBwebcamvBAPxBhumidityBandBtemperatureBprobevB

AVxBultrasonicBairBhumidifiervBACxBhalfBcoreBsampleBofBOpalinusBclayvB

A:xBbalanceBwithBASjxBdisplayBdevicevBASSxBairBdryervBAS“xBcrackmeter

Climate cabinet

“jBcmBBBBB(jBcm

Crackmeter
fixedBplate

movingBplate

stainlessB
steelBblock

extensionBstick

grubBscrewsB
withBconeBpoint

stainlessB
steelBblock

prefamplifier

TheBgrubBscrewsBofBtheBcrackmeterBwereBplacedBinBaboutB

“BmmBdeepBholesBandBfixedBwithBresinO

relationship between the measured potential and the relative 

distance between the plates of the crackmeter at 21.3 °C 

and 29.90% relative humidity. 
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Experiments

Test specifications

Results & discussion

Crackmeter calibration Test 10 (Opalinus clay sample with crackmeter) Test 13 (fixed condensator plates)

ToBgetBapplicableBresultsBforBtheBexperimentvBtheBcrackmeterBshouldB

beBcalibratedBatBspecificBoperatingBconditionsO

In3test3OHvBtheBdistanceBbetweenBtheBtwoBplatesBofBtheBcrackmeterB

isBfixedBwithBscrewsBandBtheBinfluenceBofBtheBoperatingBconditionsB

onBtheBrecordedBcrackmeterBsignalBisBassessedO

a single cycle of test 13

Crackmeter=BTheBmeasuredBpotentialBvaluesBhaveBbeenB

transformedBintoBrelativeBdistanceBaccordingBtoBtheBfittedB

secondforderBpolynomialBfitOBTheBobservedBsharpBjumpsBmayBbeB

dueBtoBtheBelectronicBsensitivityBtoBtheBtemperatureBandBhumidityB

variationsOB

NueBtoBfewBtechnicalBproblemsBtheBtimeBseriesBareBnotBcompleteO

Operating3conditions=BTheBmeasuredBtemperaturesBagreeBveryBwellB

withBtheBoperatingBsettingsBAV°;B–BS(°;xOBThisBisBnotBtheBcaseBforBtheB

measuredBrelativeBhumidityBthatBvariesBbetweenBPCkBandBC)kOB

TheBrelativeBhumidityBisBhardBtoBcontrol=B

AixBsmallBtemperatureBvariationsBcauseBlargeBvariationsBofBtheBrelativeB

humidityBandBAiixBtheBhumidityBofBtheBairBinBtheBlaboratoryBhasBanB

influenceBonBtheBairBhumidityBinBtheBclimateBcabinetO

TheBdewBpointBatBtimeBstepBtBAestimatedBwithBtheBMagnusBformulaxB

wasBalwaysBlowerBthanBtheBtemperatureBatBtimeBstepBtdSvBmeaningB

thatBnoBcondensationBisBtoBbeBexpectedO

Weight=BduringBtheBcoldBandBdryBperiodBtheBcoreBsampleBlosesB

weightBAinverseBexponentialBdecayxBwhereasBitBgainsBsomeBweightB

duringBtheBwetBandBwarmBperiodBAlogarithmicBgainxOBTheBoverallBtrendB

isBaBweightBlossOBTheBsharpBweightBjumpsBmightBbeBdueBtoBtheB

electronicBsensitivityBtoBtheBtemperatureBandBhumidityBvariationsO

Calibration3crackmeter=BtheBoutputBsignalBofBtheBpreamplifierBofBtheB

crackmeterBisBanBF;BvoltageOBTheBamplitudeBofBthisBvoltageBisB

proportionalBtoBtheBelectricalBcapacityBofBtheBplateBcapacitorBbetweenB

theBtwoBplatesOBTheBcloserBtheBdistanceBbetweenBtheBplatesvBtheB

higherBisBtheBamplitudeOBTheBoutputBsignalBvoltageBversusBdistanceB

isBnotBlinearOB

WithBtheBcalibrationBscrewBtheB;rackmeterBwasBcalibratedBbeforeB

placingBitBonBtheBOpalinusBcoreOBFBspecialB:j°BangledBhexagonBkeyB

wasBusedBtoBturnBtheBcalibrationBscrewBinBstepsBofBjO“)BmmO

Test3Ox=BcrackmeterBmeasurementBonBtheBcoreBsampleBunder

varyingBrelativeBhumidityBandBtemperatureBAtunnelBconditionsxO

IurtherBanalysisBAiOeOBcorrelationBbetweenBtheBoperatingBconditionsB

andBtheBcrackmeterBsignalxBareBnecessaryBtoBdrawBreliableB

conclusionsO

TheBcrackmeterBsignalBisBmuchBnoisierBunderBwarmBandBwetB

conditionsBthanBunderBcoldBandBdryBconditionsOBHelowBCjkBofB

relativeBhumidityBtheBcrackmeterBsignalBisBquiteBstableOBTheBsharpB

jumpsBasBwellBasBtheBoscillatingBsignalBunderBwarmBandBdryB

conditionsBareBnotBwellBunderstoodByetOBHowevervBbyBobservingBtheB

signalBonlyBunderBtheBcoldBandBdryBconditionsBaBslightlyBdecreasingB

trendBisBperceptibleOB

TheBlaboratoryBexperimentBallowsBtheBcyclesBinBairBtemperatureBandB

humidityBtoBbeBshortenedO

top view of the crackmeter

Hystereses3effects:3

BBBaBglobalBhysteresisBoverBtheBwholeBcycle+B

BBBseriesBofBsmallBscalesBhysteresesBunderBtheBmoreBorBlessB

constantBconditionOBB

TheBhysteresesBobservedBbetweenBtheBtemperatureBandBtheBrelativeB

humidityBmayBbeBrelatedBtoBtheBhysteresesBobservedBbetweenBtheB

humidityBandBtheBcrackmeterO


