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THERMAL EOruÞUCT¡VITY OF A RFCENTTY DEVETOPED
TIGHTWEIGHT STRUCTURAT CONCRËTE

ffif--Iï_"î:: yî:.31 Mu,erù,*, of a Baeenrþ Devrúoped r*o**,ffik"' Procccdla& of Fl¡rt califo¡nl¡ Thcm¡t l¡¡ul¡tlon tntcrn¡tlon¡I conferencr, BBF&TI (or-gE), s.A.

iaüli: 
EdiÈor' Bu¡c¡u of Eomr Furntrhlngr ¡nd tharm¡l In¡utarion, North llightandr, catifornia, 1s88, pp.

'iB{ITfRACT: Â lightwcight ¡tructu¡¡l conc¡atl rra'r dovalopod for urc in ext¿rior sark of low.-rise residential¡nd commcrciel buildingr' tha lightveight concrctc ha¡ ¡ unit weight of t* ar¡-ã'ito pcg, ¡ compreeaiveItronsth of lt'8 MPâ (2ooo pri), and ¡ thcrm¡l conductivity of 0.2s w lm.K (r.6 Bru;;',[:;;í:-.;;"Lightwcigbt concretc¡ bavc not b+ca prcriourly dcveloped with tbi¡ combination of low den¡ity ¡nd modc¡ateatrcngth' Tbr mo¡t comrnonly u¡cd concrotc, normal weight concrcèc, har a unit woight of approxirnately 2s20tc/-t (t¿¡ pcf), t 
"o'op.",ritc rtrcn3tb ln thc rangc of 1z to tl Mp¡ (2s00 to 6000 pri), ¡nd a thcrmalconductivity of 1.7 to 2.S W/m . K (12 to 16 gtu . ia./hr. ftl . . p).

Thrrm¡l conductivity of the ncwly drvclopcd concrct¡ ra¡ ma¡u¡¡d uring thrcc te¡t mcthod¡. Â calibratcdhot bq (AsrlYf Derignatioa: cg78) rar ured to m.a.ur. thormd conductivity of ¿n t-in. thicl, fult-rir,c wallc*ambly' thormd conductivlty of rm¡Il conc¡olr ¡ection¡ ra¡ mca¡urcd uring two mclhod¡: a guarded hotplatr (ASTM DeriSnatioa: c1??) rod hc¡t 0r¡¡ trrnrducrrr (Asl1r{ Dcsignation: c1or6).

Thcrm¡l cooductivity of norm¡l wright cotrcretr rar me¡¡ur.d for compariroa. Thc novly developed¡tn¡cturel li3trÈwcight conc¡tt¡ her 1/9tb thr tbcrmd conductivity of ¡or¡n¡l rright concratr ¡nd can bc u¡cdto combi¡¡ th¡ ¡tn¡ctur¡l' th'rE.¡ iarulrtion, ¡nd hc¡! rtore¡r capacity functio¡r of cxtcrior v¡ll¡ in onaelaocat.

rGY woRDS: callbr¡tcd hot bor' .n.rgrr ho¡t trrn¡mierion, lightwci3hù concretc, rtructural concretG,th¡rnd conductiviÈy, th¡rm¡l maer, thrmrl rcri¡È¡¡c¡

II{TRODT'CTION

A ltghweighË struccurâl concreÈe 
-was developed for use in exterf or rvalrs oflos-rlse resldencfal andocommerclar uurrarigil- ftre lfghtweighc concrece has aunft weight of 800 kglnl (50 pcf), 

"-"orptäsive sr-rãngrh îi 13.8 Mpa^ (2000psf), and a chernar -conduccillry 
of 0 .ii-rr)^.u. (r.6 îcu.in./hr.fr¿. .F) 

.Llghtwelghc concretes have noc beJn p;";i;ry developed wich rhls combinarlonof low denslty and noderate sErength. the noit 
"orro.rry used concrete, .rorr",welght concrere, has a unlt wetgÉr or "ppÃ*imatery z32o kg/n, (145 pcf), acompresslve srrength ln rhe range of ti'to al Mpa (2500 cî sopo psi), andthermal conducriviry of 1.7 ro z.i w/n r. tri-ro r.6 Bru.in. ¡.,'t.ft¿. oF).

AlEhough lt ls envisloned that Èhe neruly developed concrete courd be used formany bulldfng conp:l.tt!", proJect enphäsis was to evaluate the concrece foruse 1n exterior walls for ]-otlrtse uutlairg". The portland cemenc concrecedeveloped for thÍs projecÈ combines ttr" siîrr"tural, thermal insulation, and

a' Fire/Thermal rechnology Section, construction Technology Laboratorier, Inc., skokie, IL 60077, us^
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heag storage caPaclty functlons of exterlor walls ln one el"emenc ' For nany

clinates Èhis "orr"tåt" 
can be used as a complete r¡a|l system !n low-rlse

Uuilatngs wlthout addlÈlonal lnsulatlon'1

ProJ ect work ls reported -11 R"ference s L '2 ' and 1' Reference 1 ls a

feaslbiltry stuãy c; tdenclfy uses f'or the prop9""9 llghtwelght portland
cement concrece tn bulldlngs. Reference 2- lncludes: (1) selecElon of
nagerlals and mlx designs foi the llghcweight portland cement and lightvelght
pol¡rmer concret;s, (2) -physic_al and thermal propertles- of candldace concrefes 

'

and (3) castlng and'suriale flnlshlng technlques for the nosÈ desirable nixes.

Reference 3 descrlbes heaÈ transfer measurements of fuIl-slze wall assernblles

constructed of the developed portland cement concrefe'

Ttre program was conducted aE consÈructlon Technology Laboratorles, Inc ' (cTL) '

The proJecÈ \ras sponsored J_olntty by the U.S. D.partt"nt of Energy (DOE)

Off lce of Bulldlìgs and -Cot.'ãf ty Syscems, and Èhe Portland Cement

AssoclaË1on. fa ñ Part of Èhe núffdfng ThermaL Envelope Systens and

l{aÈerlals Program (BTEit{), Energy Dlvlslon, at oak Rldge National Laboracory

(oRNL).

CONCRETE UXT DEVEI¡MÍENT

portland ceúent concrete conslsËs, essenttally, of portland cenent'
aggregates, and waËer. Releclvely snall quantlÈles of other natertals are

frequently included to enhance cerlain ProPertfes which rnay be deslrable for

"p".fff" 
åppltcaCions. Generally, a88/e8 te ls betrween 60 and 75t and cenent'

rraÈer, and alr between 25 an¿ õ0t õi ct^. concrete volume. Slnce aggregace

voh¡me ls so ntih, lts speclflc gravlry greatly lnfluences the welght of Ehe

concreÈe. l{trlle ceuenc has th; hrghest speclflc graviÈy, iE occupies a

relatlvely snall volume. Slnce ..r"ãt is- the strength producing ingredienc
the anount that lÈ can be reduce ls llnited'

Aggregates used to nake concrete wlth a deslred unlt welght are available ln a

wlde range of unLc welghts. Therual conductlvlty of concrece ls prinarily
dependenã on its unlU wãtghC whlch 1s a functlon of Ehe constlCuent aggrega¡es

used to nake Èhe coricrete. To e lesser extent,, thermal conducÈivity is
dependent on the cement P¿lste. Generally, concrete conducClvtCy lncreases

exponenÈlally vrlth unlt weight. Concrete r¿lth a unlt' tetgtrc-oÉ gOO nql^t
(50 pcf ) has- a Èhernal coiductlvlÈy of approxlnac-el^y- .0 '22 I{/n'K ( r ' 5

BÈu.tn. ¡hx.fr¿:'F;"ä;i"- "ã1.."." wlttr- a 'nri welghc o9 ilao k,/^r (1ar0 pcf)

has a Èhernal conductlvlty of "ppro*ftacely 
2,3 VÃ'K (16 Btu'ln' ¡t¡x'ft¿ 'nF)'

Based on the above, the lnvestigat,lve procedure consfsted of locatlng the

llghtest avallable aggregate" ""pãUt" 
of produclng concreEe having sufflcienc

sÈructural capaclty."-Wf]tt these aggregates, nixãs were designed having che

lowest cemefiÈ contefits (to lowet-î"igttt) conslsEent with obUalning Èhe

required "creigth. 
Chenical and nineral adnixtures r¿ere used co enhance Ehe

concrete's frãsh ProPerÈ1es and strength'Co-weight relationship ' (The

strength-Co-weight ratio is Èhe raEio of the concrete's com¡iressive strength

Eo lts unit weight or densitY. )

l,lore than 25 prelininary concreEe mixes were mad"_ .""tÎ,F seven aggregaEes,

singly or in coubination. Mixes utilizing 3l{ MacroliteTM as an aggregate had

the highest streng¡h-to-weighC ratio and had the besÈ chance of meeting the
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Program obJectlves. Therefore, mfxes rrere nade wlth thls ågtregate Èooptfrnlze the strengch-to-welght relaclonshlp and to provide test speclnens forfurther Èesting.

Macrolfte ceramlc spheres, shown ln Fig. 1, is a recently developed ceramicsupplled by the 3H- co-upany of st. Paul,-¡ttr-""oc". A unlque feature of thfsaggr€8aEe ls that lt has a relat_Ívely low water absorpcion of less than 0.5t.Typlcal low'absorptfon lfghÈwefght 
-aggregates have 

"uåorpiror," ,"rrgfng fron 6to 14t. Ttre agg_regaÈe ro,s 
".tppÍied Iã tõo srzes i Lz.7 to 4.7s nn (L/2 rn. roNo. 4) and 4.75 nn to o.3o BE (No. 4 ro No. 50). Aggregate srzes aredescrfbed by sfeve openlng sÍzes accordfng to AsrM Dãsfgnatlon: 811,"standard specfffcatlon for Ìllre-cloch sieves ior Testing iurposes."

Fllllte was added co the con_c-le_t-e nlx to provlde a very fine lighrweightnaÈerfal' rt is furnfshed by FllliËe usA, rnc-., of Hunrfnáaorr, I.Iesr virgínia,and f's descrlbed as hollow alu¡nina silfca rnicrospheres.- Th. particles aresf'n1lar Ln slze and chenical composition to fly astr. However, they are hollorvand have a much -lower specfffc gravlty than nost fly ash. The Ffllite sizerenge was 30 to 0.30 mn.

The ffnal nlx deslgn 1s shorrn fn Table 1. rÈ nas used for deterninfng variousconcrete physlcal and Ëhernal properties and for castfng two rull-size wallpanels, desfgnaÈed lJells t ana s, for deternlnatlon of chernar propertfes.The sttne voh¡metrlc nix deslgn was used for both panels. However, aggregagewelghts varted because of the dlfferences fn speclflc gravitles of aggregatesfron dlfferenÈ shlpments. Tt¡e emounÈ of vinsol resin aIr encralniçrg agent rrasvarled sltghtly to obÈain a concrete untr wefghr of abour Boo ü7;ï'<iõ-pîri]

PEITSTCAL AND TITERMAL PROPERTTES OF S}IAI¿.SCAI¡ SPECTUENS

selected physlcal and thernal propertles were measured on specirnens cast fronslx concrete níxes using 3M Macrollte 
""-"ggt"gates. The sfx nixes weresinLlar to that PresenÈed ln Table 1. lest rJsults are sumnarized in Table 2.Reference 2 gives detalls of specinen preparatlons and test fio""a,rr"".

Reference 2 also conPares properties of Èhe newly developed concrece coPropertles of convenÈlonal nornal weight and ltghÈwerint 
"o.r"."a"".

FT'I¿.STZE TEST SPECT}IENS

nu.o llghcwetghc strucÈural concrete walls were consErucced by crl andsubsequently tested in a callbrated hot box. IlalIs were cast horizontally andhave overall nonlnar dfrnenslons of 2.62x2.62 n (103x103 fn.)-

llell Constructlon

Iiil L ls a lighweight structural concrere wall r¿irh an average rhickness of203 mm (8'00 in.). I'Iall S is sÍmilar to lla1l L excepr for a 150 mn (6 in.)
]tiqh. normal weight concrete strip running horizontally across the wa11 ac mi.d-height' The horlzontal strip simulatJs a floor slab extending chrough anexterior wall. Average rhlckness of lJall s is 206 mn (g.13 in.).
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The concreEe nlx for llalls L and S ls presenÈed ln Table 1 ' ReinforcemenE

represenÈatlve of actual wall consÈructlon was placed rrl.thln llalls L and S '

RelnforcemenÈ consfsted of a single layer of 13-rnn (No' 4) bars spaced 305 nm

(12 tn.) center-to-cenüer ln eacli dlreõtlon. The reinforcement was located at
the walls' approximace mfd'Èhlckness.

l{alls L and S were allowed co cure ln the fornwork for approxlnately 2 weeks.

After removlng fro¡¡ fornr¡ork, lfall L was allowed to alr dry ln the laboraçory
at a temperature of 1,816'c (65+10'F) for approxlnately 3 no¡rchs. llall S was

eLr drled ln the laboratory at a, CemPerature of 2L+6'C (70110'F) for
approxlnatelY 4 months.

Prlor to testing, the faces of lfalls L and S were coaÈed wlth a cementltious
waterprooflng ñaterial Co seal mLnor surface inperfections' A EexÈured'

noncenentlClous paint rras subsequenËly used as a finlsh coat' These coatings
provlded a white, unlform surfåce fõr both faces of each wal1. I'Ial1 edges

were left uncoated.

Measured wefghts, thlcknesses, surface areas, and estlmated moisture conËents

of l{alls L and S are sumarlzed ln Table 3. lJall wetghts imvnedl-ately before
and after callbrated hoc box tests are PresenËed'

Reference 3 nore fully descrlbes wall construction.

Instrr¡mentatlon

Etghcy 20 gauge, irn" T thernocouples, corresPonding Eo ASTM Designacion:
E230, 'Standard Ternperacure-ElecÈronotlve Force (ElfF) Tables f or
Ttrermocouples,n ,¡ere used to measure Eetperatures durlng thernal testing. For

each Èest wa1l, 16 Chernocouples were loàated ln Ehe alr sPace on each side of
the test speclmen, 16 on "*"ir f"." of the Èest wall, and 16 ac Èhe approxinaËe

concrete nid-thlckness. The 16 thermocouples ln each plane ltere spaced 525 mn

(20-3/5 ln. ) apart ln a 4x4 grtd over the wall area'

A¡¡ addltlonal four Èhernocouptes sere locaced on each wall surface and at
corìcreEe nld-thlckness along the cenÈerllne of the normal weight concreEe

strlp of llal1 S, as shown ln Flg. 2.

lhermocouples measuring terPeraËures in the air space of each chanber of the

callbrated hot box were located approxlnaCely 75 nn (3 in') fron che face of
the test wall.

Surface thernoeouples were securely attached to Èhe wall with ducE tape for a

length of approxinately 100 ¡nn (4 1n.). The tape coverlng the sensors \'ras

palãted Ehe same color as the test wall surface '

During ,¡al1 constructlon, inÈerna1 thermocouples \{ere placed aE wa11 mid-
Ehickness on top of the first 100 ¡nn (4 1n.) concrete layer. To secure their
location, thernocouples rrtere taped to reinforcenenC or suspended by wire
between reinforcemenÈ. The thernocouple junction was noE placed in contacC

wich che reinforcemenÈ. This was done for all internal chermocouples Eo avoid
any influence by inEernal heaE flow through reinforcemenc.

One heat flux transducer measuring l00xl00 mm (4x4 in') was mounted on each of

r.1L
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the fndoor and outdoor surfaces of the test walLs. Sensors were located nearthe center of the walls as shown ln Flg. 2. Heat fil; rransducers Ì{erecallbrated uslng results fron steady-sÈate calibrated hoJ ¡o* a."as on ,oalr L.

IUERI{AL PROPERTTES OF CONCRETE FOR STEADY.SIATE TEMPERå,TIIRE CONDTTIONS

ltrerrnal resfstances of llalrs L and s were neasured using a carlbrated hoÈ box.Ttrernal conductÍvlty of the lightwelght concrete porËfon of l.Iall s was¡neasured uslng heat flux transducers. Thernal conduttlvltles of "p".ir".,"made from concrete ml'xes used to make llalls L and s were measured using aguarded hot plate.

Callbrated Hot Bor Test Results

Heat flow through llalls L and s was measured under steady-state and dynamictemperature condfÈlons. Resulcs for dynanlc temperatire condiEions arepresented ln Reference 3. Tests were conducted in the carfbrated hot boxfacfltty shown in Ffgs. 3 and 4. Tests were perforr¡ed in general accordancewith ASTII Designatfon: c976, nrhermal Perfomence of Builãing Assemblfes byMeans of a Calfbrated HoÈ Box. r

Four calfbrated hot box tests ^for steady-state tenperecure conditions Í¡ereperforned on each wall. Heat flow and tänperalure neasuremencs nere used todeternine averege overall cheroal reslstancJ C*tt and thermal conductfvity (k).
steady-scace resulcs fron calfbrated hot box tests on warls L and s aresr¡marf'zed ln Table 4. Data are avereges for 16 consecutive hours of testlng.Ilall rnean ceoperaturg' heaÈ flow, "ndo'rr"r.l1 chernal reslgÈance are ristedfor each steady'state test condltlon applled to the wa11s. Ther¡nalconductlvlcy ts lfsted only for the houog"r"å,"" specf.men, Wall L.

Ttre flrst column of Table 4 llsts the rsall mean tenperature during eachsteady-scaÈe test. IJall nean tempereEure is determlneå fron the average of
-t'he-meÈerfng and cllnatic warl suriace teuperatures. Average temperatures fort¡Iall s' wlÈh the. normal welght concreÈe sirip, are the areã-weighred averagesof the lfghcwelght and ttorrÀl welght concrec; EenperaÈures. Tabre 4 presenÈsneterfng and climaÈlc chanber ali teuperatures, and wall surface-Èo-surfaceteuperature differentials .

ot¡erall thernal resfstances uere calculated using heat flow neasured by thec4lfbrated hot boä and surface resfscance coefficLenots of 0. o3y"\/rw (0.17 lt.ftz.'F/Bcu) for ourdoor afr and 0.12 n-.K,/It (0.6ghr. ft¿.'F/Bcu) for lndoor å1r.5'

Thernal conductivity of I'ralt L and thermal resistances of t.talls L and s at aspeclmen mean temperature of 24"c (75'F) were lnterpolaEed from measuredvalues. Thernal conducrlviry of l.Iall L Ís 0.27 \r/n K (t.gs eru.*.är':;;ã::;;ax 24"c (75'F)'.^ tuf:-t]l thârmal resistancqs of l.Ialrs L and s, respecrively,are 0.92 and 0.93 m¿,RN (5.2 and 4.7 ht.fr2."F/Bru) aE 24,c (75.F).
Thernal resistance of Wall S is lOt less
The normal weÍghc concrete strip of Wall

chan rhar for l.Iall L at. 24"C (75"F)
S is 5.8t of rhe roral wall area.

Lt2



Gu¿rded Bot Plate Test Results

thernal conductlvltles of specimefls nade from concrete mfxes used Eo make

l{alls L and S were measured ""iig a guarded hot place' Tests were conducted

aE CTL ln acêordance ,rith ASTI{ õestfnatlon: - C{ll , rsteady-SEaÈe Heat Flux

Heasurernents and ltrernal Transnisslon- ProPertles by Means of the Guarded Hoc

plate,n and ASTI{ Deslgnarloni C1045, "Calculattng Therrnal Transnlsslon

fiop"raf.s fron Steady-5tate Heac F'.rx l{easurements.n

Test SPeclmeng

Twospeclnens!'eretestedfromthellghtweightconcreceforWallL,the
llghCwelgtrC concrete for llall S, and thã nornal weight concrete for I'lall S '

Nonlnal specimen dlnenstons were 50x300x300 mn (2x12x12 tn' )' speclmens were

rnolst-cured ar 
-i3tt.7,c 

(73.413'F) and 100t Rtt for seven days, and then air-

drled aE 23!3"C (Z¡tS'fj an¿ ¿r5i15t RH for 6 to I months' Speclnens '¡Iere
ovendrled before testl-ng to ellninate effects of molsture nlgratlon- during

cestlng. U"""rrrl¿ speclñen dimenslons and unit weighÈs are given tn Table 5 '

Test Procedure

Test speclmen texûPerstures are measured by chronel/alumel thernocouples

enbedded near the specfmen surfaces' I'hernocouples were placed 1n previously

saned grooves. Cenent PåsÈe *,as used to flil the groove flush with Èhe

speclmen surface and Co secure thennocouples ln place' Cement PasÈe was also

used to ftlI s¡nall holes ln Èhe speclnen "ttit""' 
The cement paste for

llghcwetgha "oi.t"* 
specinens had lighcwefghc aggregate flnes '

E¡nbedded Ehernocouples reduce the effects of thernal contacÈ resisEance ' r¿hich

is due ro the tnfïuence of any chln 111 g.P beÈween thermocouple wire and

concrete. !,[ore lnformation ár, enbeddlng Ehermocouple wlres and Èhernal

contact reslsÈance ls glven 1n Reference 6'

lest Results

Guarded hot plate tesc resulÈs are Presented ln Flg' 5 fot f{all L and s

Ilghtwelght concrege speclnens and Fli. 6 for 1Jall S nornal weight concrete

specimens. Thernal cãnductlvfÈy ls-shown as a function of mean specinen

temperature.lhernalconductlvteytncreaseswlÈhlncreasingmeåncenperaEure
for 11ghÈweighÈ concrete and decieases lriEh lncreaslng Eea,n temPeraEure for

normal weight concrete. Ttrls resul. ls conslslent wtth-available l'ÈeraÈt're'7

llrerual conductlvltles aÈ a speclmen me-an ÈeEperature of 24"C (75'F) lrere

lnterpolated fron rneasured grr*ta"a hoc plate t'"i"ts ' Thernal conductlvitles

for ltal1 L, t{all S lightwelghÈ, ttti llf f S nornal weighE spe:Ímens 
'

respectlveryr are 0.21, o:ti,--å"ã r'82-i'r'/n'K (l'4t'--1'48' and L2'66

BCu. fn.7hr. ftz.'F) et a specirnen mean tenpereture of 24'C (75'F) '

Average measured thernal
for Èhis proJecc ls about

Heat Flr¡x Transducer Test Results

Two heat flux transducers (HII[,s) qrere mounEed on each wall specimen as shown

r.13
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conductivlty of the lighcweighc concreEe developed
l/9cln Èhat for normal weight concreÈe '



tn Fig. 2 and prevlously described
were eÈEached neer the center of
portlon of l{all S.

Ilall L callbrated hot box test results were used to calfbrate che HFT,s forIlall s. Heat flow_through lfall S as measured by the HEf,"-r"" determfned inaccordance wlÈh ASTH Deslgnatfon: c1046, nstandard'practice for rn-sltuMeasurement of Heat Fh¡x and remperaËure on Bulldfng nnvelop.-corporr"nts.r

Test Results

Heat frux transducer tesÈ results for the ltghtweight concrete porEion ofIlal1 s are Presented 1n Fig. 5. Results are averages for 16 consecuÈive hoursof testlng durlng steady-state temperature condiilons. Data were correcteddurLng sceady-stete callbrated hot box tests.

ResulÈs are sinflar for che
chamber and netering charnber

fn the ¡InsÈrunencationñ sectfon. Sensorstlall L and on rhe llghrwefght concreÈe

Therrnal conductivity of t¡Iall s lighcwelghc concreEe at a mean specimenteEPerature of' 24'$ (71"r), fnterpolaced frón neasured values, is e.26 lI/n.K(1. 8 Bcu. Ln. þt. ft¿. nF) 
.

Dlscusslon Of Results

.rls"|" 5 presencs chermal conductlvities of the llghweighÈ concrere measuredby the calLbrated hoÈ box (ASTI{: _--cg76)-,-the guarded hor place (Asru: QL77),and heaE flux Èransducers (ASTM: C1046).- Thernal ctnducrlviries fromcallbraced hot box and HFT measurernen_ts ere greater than those from guardedhot plate tests because guarded hoc plate "på6.¡" *n.t" ovendried Èo removenolsture, whlle the wall specf.ruens were alr-drfed. A lt increase in specfmennolsture conÈent lncreases thermal conductlvtty 4 to 9t.i,r

heat flux transducers mounted on Èhe cllmatÍc
sides of the wall.

Predlcted chernal reslstances of llalls
Values are calculated uslng results fron
specimens and measured wall thlcknesses.
ASHRAE EandbseL_'_!9 gå-r!¡rdêEentêlÊ 
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The predlcted chernal reslstance of llall s ls 17t less Ehan ÈhaÈ for tlall L.Tttfs comperes Èo e 10t decrease 1n neasured thermal reslscance for I.Ial1 sconpared to 11a11 L. A percenÈ reductlon comparLson f.s used because predictedvalues are based on ovendry specluens and näasured values are based on air-drfed speclmens.

A hot box round robln lncluding results from
measured values from the CTL calibraÈed hot box8t fron expected values.9

SUMMARY AND CONCLUSIONS

This Paper presents results of an investigatÍon to develop a tightweighrstructural concrete r¿ith approxinarely 1/1-0th the Èhermal con¿ucEiviEy ofnormal weighc concrece' Thernal ana ihysical propertÍes were measured on

L14

L and S are presented in Table 6.
guarded hoc plate tesÈs on ovendry
Calculatlon procedutres are fron che

2L laboracories showed that
devfated in che range of 0 to



sEell-scale concrete sPeclmens.

HeaÈ Cransfer characteristics of two 200 rnn (8 1n.) Èhick, full-sfze wall
assemblles lrere evaluaEed uslng a callbrated hot box, ASTH Deslgnation: C976.
gne Èest speclmen, deslgnated WalI L., !Ías a 200 n¡¡ (8 ln.) chick wall
constructed entlrely of the newly developed ltghcweight sÈructural concrete.
Íhe second specl.men, deslgnated Wall S, was the sane ås the flrst excePc for a

150 nn (6 tn. ) hlgh nor.ual welght concrete strlp runnlng horizonÈally across
che wall at nld-hetght. Ttre horfzontal strlP slnulates a floor slab extending
chrough an exterior wall.

The followfng concluslons are based on results obtained in thls lnvesÈlgaÈion.

Thernal conductlvlty of 1{a11 L, the homogeneous llghtwelghc concrece
wall, ¡neasured by the callbraEed hot box (ASTM DeslgnaÈlon: C976) ls
O "27 A/n.K (1.86 Btu.ln.7trr. ft¿. oF) . Thls value ls for a speclmen mean

temperature of 24nC (75'F) and was lnterpolated frorn steady-stace EesÈ

results. The wall had an esÈlmated nolsÈure content of 2t based on
ovendry unit weight.

Overall ther-nal reslstances of llalls L and S, respecÈtvely, lnterpolated
ffou values neasured uslng the callbrated hot box, are O.92 and 0.83
ú2.Rfl (5.2 and 4.7 hr.ft.T. 'F/Bcu) aE 24'C (75'F). thermal reslstance
of 1{a11 S ls 10t less than that for 11a11 L. The walls had estimaEed
molsture contenÈs of 2t based on ovendry unlt welghts.

Thernal conductlvltles of sna1l-scale lightweight and normal weight
concrete speclmens were measured uslng a guarded hoC plate (ASTM

DeslgnaÈion: CL77). Thernal conductfvltles for tlall L llghtweight,
Ilall S lfghtwelghC, and llall S nornal weight specimens, resPecci;ely,
are 0.21, 0.21, and 1.82 tit/m.K (1.43, 1.48, and 12.66 Bcu'!n./hpfÈ"oF)
at a speclmen mean CenperaÈure of 24'C (75'F). Thermal conduccivities
aÈ a speclmen mean temperaÈure of 24'C (75'F) were lnÈerPolated from
steady-state test results. Guarded hoÈ plage speclmens were ovendried
before testlng.

Thernal conductlvlty of a lightwelght concrete portion of lJall S

deternlned fron heat flux t,ransducers (ASTI{ Deslgnation: C1046) was

0.26 ril/m.K (1.8 Btu.tn.7tr.ft2.nF). Ttris value ls for a specimen nean
ÈetrperaÈure of 24"C (75'F) and wes lnterpolated from sÈeady-staÈe Èest
results. The wall had an estimated nolsture contenÈ of 21 based on
ovendry wrlt weight.

Predlcted chermal resisEances of Walls L and S were calculated using
procedures fron the ASHRAE Handbook - 1985 Fun-danentals and measured
Ëhermal conductivlties fron guarded hot place tests. Predicted chermal
resistance of t7all S is 17t less than thac for tlall L. Thls compares Eo

a lQt decrease ln measured Èhernal resistance for Wall S compared Eo

llall L. The reducÈion ln R-value for IJall S is attributed to Ehe normal
weighc concrete strip.

I

I

I

I
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l{ater I a I

Portland Cement

Slllca Fume

t'later

Absol ute
Vol ume,

¡3
(cu ft)

Quantttles Per 1.0 m3

(Quanttttes Per 1.0 cu Yd)

AI

0.080
( 2.16)

0.0ì 2
( 0 .33)

0.119
( 1.01 )

0.060r
(1.62)

0.312
(e.25)

0 .329
( 8.88)

0.028
( 0.76)

l6?0-1950 ml
(127s-ì188 ml

lì60 ml
(888 ml)

Content

3l,l

ÌJel ght ,
kg

( lb)

tlacrollte
12.7 to 4.75
(1/2' to Sa)

1.75 to 0.30
(#1 to #50)

lllte

l{al I L

25?
( 12s)

26..|
( 13)

149
( 250)

Ft

ffm

l{al I S

Vlnsol Resln,
2f Solutlon

I{RDA,rr 4.55 ml/kg
cement
(7 oz/100 lb)

ffm

252
( 425)

26.1
(43)

149
( 2s0)

rAlr content estlmated at 6f.
r*l{ater-reduc'lng adml¡ture nanufactured by the construct'lon Products

01v1s1on of l{. R. Êrace & Co.

171
( 2e3)

273
( 1se)

20
( 33)

t.7
( 2.8r )

1.2
(r.eó)

Table 1 Final Lightneight Portland Cement

r95
(327)

211
(466)

20
( 33)

2.0
( 3.28)

1.2
r.96)

Concrete Mix Design

Lt7



Uril WCglrt
2e4al

Propcny

74sl
æ4t,y

Sffilng Tensile
74rl
284a,t

Slrengür

T.t Mcthod

l,loduh,tr ol Rçìrra
(Fhxural Str€n$h)
74at
284ay

C5€7, ¡¡ apfrcado

c39

Strengrh

Shear Strength
74al
284a'l

TM: C¡196

¡¡þúrfÄd Eles*jty
284ïl

Frecrlq and Thadng
Res¡3tanca,
rel¡ùva dynaÍÈ
rñodnlJ3 d elardcity

day! foot6 RH,2t &y3 5Or5% RH

I Moa$red
Prc-Telt Curlog I V"U¡

lsee 

neterencr z

l**'o..
Asfi¡t C€€G,
Proc¡d¡rr Â
(troddrE ln wãrcr)

deyr f@îå Rtl
dty! 10096 RH, 2t

dayr f0O9â RH
dây! 10096 RH, 21

dayr 5ût5% RH

dayr 5tt57. RH

Orying Shdnkago
(D 161 d¡y!
@ læd¡yt
(} 355d¡F

Theñrd Condr.qivtty

Sgæillc Hcat

Sa¡rrd.d 9lrlær Dry
Áety

ThermC O¡tfudvity

Co€flhed €l Thcmd
E¡p¡n¡¡o¡r

days 1009É FH
dayr 10O96 ÂH, 21 day3 S0r5% RH

ffi:
ffi;;*
1,., ur. (260 F)
I t,7 MPa (25o pû)

l"o ur. (æoF)
lr.s Mp¡ (260 F)

f** ur. (o.e:,rro^B eq)

l**.n* 3æ crd.t

1'.**' rsocïd.iSee Rdercrær 2 (lrecdrg
h dr ¡llg t/2 tr,r¡rer rodo

17 day! t0ot6 RH

17 
day! t0ot6 RH, 2t days sorsx RH

I

'7 ds) t 10016 All,2t ctayr SOtSta RH

7 deyr t@ì6 RH. 2t r,ayr SOrS% RH,
2¡l hr! soafi.d ln wd.r

1¡l dåyr 100t6 RFl, f4 days 5û15'6 RH

Scc Fdereæ¡ 2

ASru: C11T C'75.F

US Arûry Corpû d €ngneen
cR0412+73 (Fc.1)

W 
^¡rny 

Corp. d Engirrcelr
cno<¡en(Rc.{}

gff¡lar t¡ Asllt E22s

' Therrocor.pec lor meâEring sp€dman $rlac¡ lomprrature! er¡ò€dded ltÄh wiû spæ¡mcn f,Jrlæa.

dsyt t0ot6 Rl'|, thon 5Ol5% RH

7 d.l.i lætú RH, 5€ ro 70 d¡yt
43t15!a RH. üen o/cndry

1æ9C RH

Table 2_ -_pbysical 'nd Tbernal properties
Eardened Ligbts€ight concretã

ræra RH

7 deyr l@!ú RH, 42 þ 48 dett
rsrt5f RH

0.08816
o.os793
0.oc¡ta

023 Wm.K
(1.61 Btu.idñr.rq ft..F)

1 060 .rtg.K (Or5 Brr/b.Ð
a60.!tg.K (0.1t ãu/Ib.R

0.000€6 tq íÍT
(O.01Oa sq iftf
84r10e€ nrrVnm per t
(3.ârf 0a{ in.ltn per.F)

11.8



lúelght of Hall, kg (lb)
Before testlng

After testlng

PropertY

u',ll.:'l?n¡.îl,l'llrlå' 
( Ii)lr:i""'

Unt t l{et ght of -l{a ì ì on -a Vo'l ume
""åirii,i 'rg/*3 

( t¡zrt3)

Average Hall Thlckness, nrn ('ln')

t{all Area, m2 (ftz,)

Estlmated llolsture Contentrr'
f ovendrY Yelght

Î¡leasured Vaì ue

1 250
( 27 60)

ì 210
( 2720)

182
(37.1)

898
( 56.0)

203
( 8.00)

6.86
( ?3 .88)

2

-'!r:

r

å

ffiTorõ-al lbrated hot
rrEstlnated from a1r drY

spec lmens .
triilot calculated because

Table 3 Srrmmary of PbYsical

box tests.-ã.¿-ã"ã.åry 
ve'lghts of thermal conductlvlty

l{all S ls not homogeneous'

ProPert,ies f,or I{alls L and s

119



. ¡ì
I

whr
Dosþnatíon

Wal
Mean

Temp.,'
f
fF)

L

L

L

L

s

s

s

S

lc
Clln€ü¡c

ChanÈer
Tomp.,
t
cF)

2.7
(36.e)

r 3.2
(ss.7)

29.8
(8s.6)

39.8
(103.7)

3.3
(37.e)

13.7
(s6.Ð

30.6
(87.0)

40.6
(10s.1)

tm
Mot6ring
ChaÍùd
Temp.,
t
('F)

-17.3
(0.s)

3.7
(38.6)

36.2
le7.2l

s5.8
(f 32.s)

-15.9
(3.3)

4.6
(40.3)

37.5
(se.s)

56.8
(134.3)

AI
Surface.to.

Surface
Temp. Diff.,

s
cF)

21.3
(70.4)

21.9
(71.4)

22.7
0e8)

23.2
(73.4

21.5
Qo.n

22.0
(71.6)

23.0
(73.4)

23.7
v4.n

qt'
Hsal
Flor,

Wsq m
(Btn/hr'sq ft)

32.3
(s8.2)

15.1
(27.11

12.3
(22.21

28.7
(51.6)

31.3
(56.3)

14.4
(2s.e)

12.1
(n4l

28.3
(sr.0)

Flli-
Thermal

Resistance,
sq m.lVW
(hr'sq ft.oFl

Btu)

' lverage ol metering and climatic wallsurlace lemp€raluræ.

-I I"* lhw thro.rgh wajl rnsasured by caribrated noi oox ßsru Oesþnation: c976I"' overall th€rma¡ resbtance calculaled using dæþn surlace coefficjents ol
0.15 sq m. lú1fú (0.8S hr"sq ft.s/Btu) an¿-measr¡rø values ol heat flow.

38.5
(12.21

17.2
(s.s)

17.4
(s.s)

40.2
(zn
44.9 '

(14.21

21.6
(6.e)

18.1
(s.7)

4it.8
(13.e)

k
Th€rmaj

Conductivily,
Wm.K
(Btu.in./

þ¡.q ft.oF)

0.99
(s.6)

1.02
(s.8)

0.86
(4.e)

0.86
(4.e)

0.85
(4.8)

0.81
(4.ô)

0.85
(4.8)

0.79
(4.s)

Table ¿l - steady-gtate Resul.ts From calibrated Eot Box Tests

0.24
(r.68)

0.23
(1.61)

0.29
(1.ee)

0.28
(r.e7)
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Wall L
Lþhtweþht
Concrete

Overall
Dimensions,

fÏm
(in.)

Wall S
Lþrûweþht
Concrete

310 x 306
(12.2 x 12.1)

306 x 307
(12.1 x 12.1)

305 x 305
(12.0 x 12.0)

305 r 305
(12.0 r 12.0)

305 x 305
(12.0 x 12.0)

305 x 305
(12.0 x 12.0)

Average
Thickness,

frm
(in.)

Wall S
Ì.¡ormalWeþht
Concrete

Ovendry
Unit

Weight,
kg/cu m

(pd)

50
(1.e8)

52
(2.03)

51
(1.ee)

50
(1.ee)

51
(2.00)

51
(2.02)

Table 5 l{easured ProPerties of

771
(48.1)

750
(46.8)

805
(s0.2)

801
(s0.0)

2260
(141)

2270
(142)

Guarded Hot Plate Test SPecimens
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'

Outside Aír Fitm

200 mm Thick Corrcrete Wail
(8-in.)

lnside Air Fitm

R
Thermal Resislance,

sq m.lOW
(hr.sq tl.oFlBtu)

' 99-quqt-.-d-from guarded tnt plate lherrnalconductivities ot ovendry specímens at24"C (75oF) anö measured walllhickness.

walls B-vatue.calcutated using ASHRAE para[etpath method (Bef. 10):

U-(1/1.49).(û1 03)+(t/6.34).(92/1 03)
-0.188 Btu/hr.sq fl.oF
-1.07 Wsq rnrK

R-lltJ = 5.3Í| hr.sq fl.oFlBtu
=094 sq nrl(/lô/

0.03
(0.14

0.gg'
(s.ss)

0.12
(0.68)

0.03
(0.17)

0.97
(s.4s)

0.12
(0.68)

0.03
(0.17)

0.11'
(0.64)

0.12
(0.68)

fable 6 predicted Thermal Resl.stance of lfalIs L and S
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Thermocouple
Localion (Typ.)

4 in. (100 mm) sq.
heat flux lransducer
(HFD on metering
chamber side of

4 in. (100 mm)sq.

Wall Q

HFT on climatic
chamber side of

6 in. (152 mm)
NormalWeþht
Concrete Strip

4 in. (100 mm) on each side of centerline

Figure 2

Tvall s Air, surface, and rnternal The:c¡rocouple Locations

5 @ aO 3/5 in. - 103 in.

(5 @ 523 mm - 2.62 m)
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Flgure 3

Ouldoor
(Climotic)

Chomber

Callbratèd Hot Box rost FacíIítY

Heoling ond

Çooling
Conditìoning
Plenum

Outdoor
ConlrolS

Tesl Woll

lndoor
( Melering)
Chomber

Heoting ond
Cooling
Condìtioniog
Plenum

lndoor
Controls

Figure 4 gchenatic of Calibrated Hot Bor
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$feasued
Thermal

Cordr.¡ctlvfry,
Elu.lnJ

¡¡'gq fl.oF

2

1.8

1.6

1.4

1.2
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o

x
o

I

a

tri
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tm, Wall Mean

ileasured Ther-mal

o

A

x

30
Temperature, oC

0.30

0.26

Figure s

Couductivlty of

MeJsJred
A.22 Thermat

Conductlvity,
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0.18
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Lightreight Concrete
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tleac{u€d
Thermal

Corìdutifv¡ty,
Stu.lnJ

hr.sq ll.oF

Measured The¡ma1
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Figure 6
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