
In 2003 Crocker Ltd. was invited to advise in the testing of compressed earth blocks for
R-values in an experiment conducted by Sandia National Laboratories in Albuquerque,
NM. One of the goals of the experiment was to test "alternative" materials, as
determined by Sandia team. Among these were shredded paper and fly ash using various
proportions of water and latex as a binder. None ofthose blocks survived the drying
process adequately enough to be tested.

Following is the report, including the testing parameters, as submitted at the end of the
project. The compressed earth blocks made with crusher fines from the Santa Fe River
valley, west of the city, demonstrated a 3.41 to 3.51 R-value for a 14-inch block.



R-VALUETESTINGOFCOMPRESSEDEARTHBLOCK
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SUMMARY

ThisprojectdeterminedtheapproximateR-values(thermaltransmittance)of threeformulationsof
compressedblock. Thecompositionof eachformulationis as follows:1)Concretemixertruckwashout
withsoil,2) EngineeredFillNo.1: clay,sand,largeaggregate(>3/8"),3) EngineeredFillNo.2: clay,sand,
smallaggregate«1/4").

Frompublishedpropertiesof theblockcomponents,1wepredictedR-valuesfor eachformulationas
follows:

1) ConcreteMixerTruckWashout:R-0.21/inch
2) EngineeredFillNo.1(largeaggregate):R-0.27/inch,
3) EngineeredFillNo.2(smallaggregate),R-0.29/inch

Actualvaluesfor thetestsamplesrangedas follows:

1) ConcreteMixerTruckWashout:R-0.24/inchtoR-0.44/inch{A-seriesBlocks}
AverageR-0.35=60%ofpredictedvalue

2) EngineeredFillNo.1(largeaggregate),R-0.21/inchtoR-0.29/inch{B-seriesBlocks}
AverageR-0.24=89%ofpredictedvalue

3) EngineeredFillNo.2 (smallaggregate):R-0.19/inchtoR-0.35/inch{C-seriesBlocks}
AverageR-0.25=86%ofpredictedvalue

EQUATIONS

Thefollowingequationdefinesthermaltransmittanceor R-valueof homogenousmaterialsfor absolutetest,
methods:

R= A(Th- Tc)
Q {EQUATION1}

R:materialr-valueperunitthickness
Th: hotsidespecimentemperature
Q:Wattsperhourperunitarea

A: specimensurfacearea
Tc: coldsidespecimentemperature

1Energy-10,anenergymodelingprogram,possessesan"R-valuecalculator"thatwillcalculateR-valuesofa materialwhen
providedwithvaluesfordensity,specificheatcapacity,andthermalconductance.Energy-1Ocontainsestablishedvaluesof
specificheatcapacityandthermalconductanceformanycommonmaterials(e.g.,sand,concrete,wood,etc.).These
establishedvaluesallowtheR-valuecalculatortoestimateR-valuesforuntestedhomogenousmaterials.



,Thefollowingequationdefinesthermaltransmittanceor R-valueof a homogenousmaterialina
comparative test method:

R - Rref[Atest(Th/es/-TCt~t)]
test- [Are~Thref - TCrflf)] {EOUATION2}

R/est:test specimenr-valueperunitthickness
Rref:referencespecimenr-valueperunitthickness
A/est:testspecimensurfacearea
Aref:referencespecimensurfacearea
Thtes/:hotsidetest specimentemperature
TCrest:coldsidetestspecimentemperature
Thref:hotsidereferencespecimentemperature
TCref:coldsidereferencespecimentemperature

TESTMETHOD

Thetestuseda comparativemeasureof heatflow,ratherthanan absolutemeasure,to determinethe R-
valueof the threeblockformulations.A comparativetestusesa specimenwithknownthermal
transmissionpropertiesto determinethermaltransmissionpropertiesof unknownspecimensby reference.
Thistestused"R-Tech"brandrigidfoaminsulation(laboratory-testedvalueof R-6.08at 210Cfor 1.4375
in. thickness)as the referencespecimen.ThiscomparativetestdeterminedR-valuesfor theunknown
specimensby measuringdifferencesinchangesto thesurfacetemperatureinanenvironmentcontrolledby
a conventionalthermostat.An absolutetestmethoddirectlymeasurestheheatflowperunittime,typically
measuredinWatts,throughan individualspecimeninorderto determinetheheatflowrate,Q. The
accuracyof a comparativetestdependsuponthetestaccuracyof the referencedmaterialandcanbeno
betterthanthatof the referencedprocedure.2

Severalfactorsinfluencedthedecisionto usea comparativeratherthanan absolutetestmethod.Absolute
heatflowtestmethods(e.g.,ASTMC-177)generallymeasuresteadystateheatfluX"throughmaterialswith
a "low"thermalconductivity,whichcommonlyaredenotedas"thermalinsulators".3In thistest,thetest
specimenspossesshighthermalconductivityandarenotconsideredthermalinsulatorsrelativeto other
materials.Furthermore,absolutetestmethodsrequirespecimengeometrywitha largeratioof areato
thickness.Sucha test requiresthinslicesof thespecimensandeffectiveslicingtoolsarenotavailableto
us. Inadditionto costandtimelimitations,thesefactorssuggestthatan absoluteheatflowtestof earth
blockswouldnotproduceresultssignificantlydifferentfroma comparativetest.

Wetestedthreesampleseachof thefirstthreeblockformulations.Wewrappedeachsampleonfoursides
withthe "R-Tech"brandinsulation.Thisleft twosidesopen-one for thehotsidemeasurementsandone
for thecoldsidemeasurements.Thus,eachsamplecreateda box. Wefilledeachboxwithiceandturned

2 ASTMDesignation:C-177-97,Section5.9StandardTestMethodforSteady-StateHeatFluxMeasurementsandThermal
TransmissionPropertiesbyMeansoftheGuarded-Hat-PlateApparatus,ASTMInternational,2003.
3ASTMDesignation:C-177-97,Section5.1



theboxoverinsidea tub. Foreachsample,we placedthermocoupleson thecoldandhotsurfacesof the
brickandoneon thewarmsideof the rigidinsulation.A fourththermocouplemeasuredtheambientair
temperature.Theblocksurfacetemperaturesstabilizedafterabouttwo hours. Werecordedthe
temperaturesandusedthesevaluesin Equation2 tocalculatetheR-valueofeachsample.

SAMPLETEST BOXESAND THERMOCOUPLEREADER

LIMITINGFACTORS

Withtheexceptionof onesampleset,thetest resultsfallwithin20%of thevaluespredictedby theEnergy-
10R-valuecalculator.Thissupportstheconclusionthatthesetestshaveaccuracywithinanorderof
magnitude(i.e.,a marginof errorlessthan+/- 10xactualR-value).However,thevariabilitybetween
sampleswithina seriesnecessarilyexcludesanydefinitiveclaimsto a moreprecisedegreeof accuracy.
Forexample,theA-seriestestsindicatethatmeasuredR-valuesvariedbyasmuchas40%. "

Limitingfactorsin theaccuracyof thistestmethodincludethesmallnumberof samples(threesamplesper
blockformulation),non-uniformsamplesizes,variationsin boxconstruction,unknownmoisturecontentof
samples,the thermocouplereader'sdegreeof accuracy(+/-1degreeC),variabilityin thetestroom
temperature(6°C),andvariation(3%)of the referencespecimenR-valuedueto roomtemperature
variability.Bettercontrolof theselimitingfactorscouldprovidea greaterdegreeof accuracyanda much
smallerrangeof differencemeasuredbetweensampleswithina series.



Resultsfor ConcreteMixerfru ck Washout First Run

roomair: variesbetween18and24°C

BrickthicknE>ss.

Dimensions.

Brick-67IB'x4H3'

Sty- 6 UJ" x77A3"

A,= 54.1

A,= 284

Brickthickness: 3.875
Dimensions.

Brick- 7 3/16"x 4118"

Sty-73/16"x731B"

A,= 53.0

A,= 29.6

Brickthickness 3.875
Dimensions

Brick-671B"x4H3"

Sty-67A3"x75A3"

A,= 524

A,= 284
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TestBrick100 A1 Temperature(°C)
DATE: 2/16/04 Time(Startedat920AM)

TC# location 1D3PM
4 WarmSide,Brick 15

3 Coldside,Brick 8

2 WarmSide,.styrofoam 15

TestBrick100 A2 Temperature(°C)
DATE: 2/16/04 Time(Startedat920AM)

TC# Location 1:03PM
7 WarmSide,Brick 15
6 Coldside,Brick 8

5 WarmSide,styrofoam 14

TestBrick100 A3 TemperaturetOC)
DATE: 2/16/04 Time(Startedat920AMI

TC# Location 103PM
10 WarmSide,Brick 15
9 Coldside,Brick 9

8 WarmSide,styrofoam 14



Resultsfor ConcreteMixerTruckWashout SecondRun

roomair variesbetween18and24°C

Brickthickness

Dimensions.

Brick-.6718"x41I8'

Sty-67i8'x77S'

A,= 54..1

1\,= 25.9

Brickthickness: 3.875
Dimensions:

Brick- 7 3/16'x 4118"

Sty- 7 3/16' x7 318"

A,= 53.0

1\,= 27.1

Brickthickness. 3.875
Dimensions

Brick-6718"x41B'

Sty-67S'x75S"

A,= 524

1\,= 25.9
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iAverageforA.Series Rb=

Rbper inch=

Rb@ 14"=
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0.34

4.74

TestBrick1011 A1 Temperature1°C)
DATE: 2/20104 Time(Started@t740AM)

TCi! location lO03PM

4 WarmSide,Brick 15
3 Coldside,Brick 9
2 WarmSide,styrofoam 15

TestBrick1011 A2 Temperature1°C)
DATE: 2/20104 Time (StartedatT40AM)

TCi! location 1003PM
7 WarmSide,Brick 15
6 Coldside,Brick 8
5 WarmSide,styrofoam 15

TestBrick1011 A3 TemperatureloG)
DATE: 2/20104 Time(Startedat740AM)

TCi! Location 10Q3PM
10 WarmSide,Brick 15
9 Cotdside,Brick 9
8 WarmSide,styrofoam 15



Resultsfor EngineeredFill No.1 (largeaggregate)

roomair variesbetween18and24'C

Brickthickness 3.75

Dimensions:

Brick.75/16'x41/16"

Sty- 75/16'x79/16"

1\= 54.7 In<

1\,= 29.7 m<

Bnckthickness 4
Dimensions

Brick- 4 1iB"x 5 5/16"

Sty- 55/16' x613/16"

1\= 362

1\,= 21.9

in2

in2

Brickthickness 4.125
Dimensions.

Brick- 53/8" x 4 1/8"

Sty- 5 3/8' x 7 1/4"

/\,= 39.0

1\,= 222
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TestBrickID# B1 Temperature(°C)
DATE: 2/12104 Time(Startedat 1131AM)

TC# Location 149PM 240PM 350PM
4 WarmSide,Brick 14 15 15

3 Coldside,Brick 11 11 11
2 WarmSide,styrofoam 16 15 16

TestBrickID# B2 Temperaturer C)
DATE: 2/12104 Time Siartedat1131AM)

TC# Location 149PM 240PM 350PM
7 WarmSide,Brick 16 16 16
6 Coldside,Brick 11 11 11
5 WarmSide,styrofoam 16 16 16

TestBrickID# B3 Temperature(°C)
DATE: 2/12104 Time Slarteda11131AM)

TC# Location 1:49PM 240PM 3:50PM
10 WarmSide,Brick 17 16 16
9 Coldside,Brick 12 12 12
8 WarmSide,styrofoam 16 16 16



Resultsfor EngineeredFill No.2 (smallaggregate)

Roomair: variesbetween18and24°C

Brickthickness 4375

Dimensions.

Brd - 7 MJ"x 4 H3"

Sty-71B"x6718"

A,= 49

1\,= 29.4

Brickthickness 4875
Dimensions:

Brick- 4"x 4 1/4'

Sty-41/4"x6"

A,= 255

1\,= 17

Brickthickness:
Dimensions.

Brick- 8 112"x 4118"

Sty-8112'x7"

A,= 59.5

1\,= 35.1
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~ perinch=
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1.09.

0.251
3.51

TestBrick10# C1 Temperatur (oC)
DATE: 2/10104 Time (Startedat1000AM)

TC# Location 135PM 222PM

4 WarmSide,Brick 17 17

3 Coldside,Brick 14 13

2 WarmSide,styrofoam 17 18

TestBrick10# C2 Temperature(°C)
DATE: 2/1OD4 Time(Startedat 1000AM)

TC# Location 1.35PM 222PM
7 WarmSide,Brick 15 16
6 Coldside,Brick 12 11
5 WarmSide, styrofoam 18 19

TestBricklD# C3 Temperature(°C)
DATE: 2/10104 Time Startedat 1000AM)

TC# Location 135PM 222PM
10 WarmSide,Brick 16 16
9 Coldside,Brick 10 9
8 WarmSide,styrofoam 16 18


