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ABSTRACI’ 

Newmaterials, modem building wall technologies now available in tbe building m a r b p l ~ ,  and unique, more 
acaate, methods oftbermal analysis of wall systems m t e  an opportunity to design and erect buildings where 
thermal envelopesthat usemasonry wall systems canbemareeflicient. Thermal performance of the six masomy 

wall systems is analyzed. Most existing masonry systems are modifications of techeologies presented in this 

paper.FinitedifEmee t w o - d i m e n s i o n a l a n d t h r e e d i m ~ ~ ~ ~ l i n g a o d  I m i ~ n a e t h O d s O f t b t  
clear watl aod ova811 thermal analysis were used. 

In the design of thermally efficient masonry wall systems is important to know how effectively the insulation 

material is used and how the insulation shape and its location af€& the wall themal performance. Due to the 

incorrect shape of the insulation or structural components, hidden thenaal shorts cause additional heat losses. 

In this study, the thermal analysis of the clear wall was enriched with the examinatioIl of the thermal properties 

of the wall details and the study of a quantity defined herein the Thermal Efficiency of the insulation material. 

Tbe total waU system thermal perfbrmmce for a typical single-story ranch house has also been determined. At 
preser9 e3cperimental techniques and calculations do not include the dkts of building envelope details such as 
corners, windowanddoorqmings, andstrucbnaljoints with rmfi, floors, ceilings, and dher walls. Wall details 
are not sufZcidydevelopedbecause of the lack of the simple, a d y t i d ,  tools to help to estimate 
the thermal propeaties of wall details and theiiinftueace on the overall wall thermalpezf ” .  Current 

techniques forthevaluatkm of tbe Walt thermal pedixmancc are f d m  the thermal resistancevalw ofthe 
clear wall area Tbe clear wall is a flat, unifm @ of the wall, unintampted by wall details. Traditionally, only 

this area is tested and most of the beureiical calculations are provided only fur this afea Tbis simplification can 

lead to a~ors m detemuning the avrrgy efficiency of the building envelope. In masonry wall systems, wall detaiIs 
may have different strucbne than the clear wall area. Ah, highly ccductive grout, and reinforcement are used 
very often. These cause additional thermal bridges, which should be incMporated in the thermal performance 

analysis. 
KEYWORDS: BUILDING ENVELOPE, MASONRY, CONCRETE, THERMAL PERFORMANCE 
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THERMAL PERFOR\lA%CE OF CONCRETE MASONRY W I T  WALL SI'STE5lS 

Jan Kosny Ph.D. Civ. Eug. 

Oak Bdge National Laboratory 

Building Thermal Envelope Systems d Materiais Group 

INTRODUCIION 

Thc Iarge variety of materials available for production of CoIWrdc rnasomy units ( W s )  may enabk I m ~ c t  

effective design in which concrete units are mote thermay. efficient. Unf&ma&@, existing methods to do 
ttrermal- . fabuildbgwallsystemsraebasedodyontkmeaswedorcalcul~tbermalperfarmrmce 

of the clear wall area. In this papar, the phrase "clear wall a&& tbe part of &wan srstgn that is bnc of 
thermal anomalies due to building envelope subsystems OT tkmdly unaffeded by btersxb 'oris with other 

qstemshavemmyobvious sbatcanmgs . . ButMrngenvelope~such  aswindow andQorperimeter,wall 
surfaces of the building envelope. The present techniques for quanti6ing the thermal performance of w d  

comers, and floor and ceiling interfaus with the walls dong vith the additional stnactural support that these 

details require, are ignored As it was dkcusd in (1) far tk cases ofthe wood and metal Erame walls, 

polystyrene foam wall form system, and fwoume CMU wall, tbese simplifications can lead to errors in 
determining the energy efficiency of the building emelapt. 

properties measured or calculated for thectear wall area may not adequately represeat the total wall systean 
thermal performance. In the past, that fact has o b  been omitted and, as aresuIt, wall details havenot been 
thmxdty acamined and improved Investigating areas of possibk beat losses m buildings and opportMilties to 
replace highly conductive materials should aid tbermal designkg of firture buildings. 

A thermal analysis using a finite difference amputer model bas beea @d OII popular masonry walls 

systems and their debils. A finite differeoct beat d u c t i o n  code developed at the Oak Ridge National 
Laboratory (ORNL), was used fa thermatly aualyzbg the clear wall areas, comers, opening pexhxm, and 
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e\tmor udl m t a - s a m u  ~ 7 h  a !  Wdmg elements [3 j  Tuo-dimc->aal modc!mg w a s  used for most of the 

c i w  udl areas For some uall components and for areas where the fi%mor uali intersects with o k  buildmg 

elements, threedunemimd modeling was oecessary. The resultant temperatun maps were used to calculate 

avcnge heat fluxes. and tbe wall ?stern R-kalues. Using a standard budding eletation, these results hake been 

combined to compute tk amount of the dear wall area and to deLermiae tbe okerall wall system thennal 
perf- far a tyid singlestuyrimhhouse. Aunique calculating method was used to analyze the t h d  

efliciency of the insulation material in masonry wall systems. 

As sbown hFig  1,tksix fdbwingmssoary waU systems umtainhg 12-in. (3Oan) wall units wencadered 
during CompUtcT modeling: 
1. solid block, 
2, two-aice Mow bl& 
3. cut-web bkl& 
4. mdticote blmk, and 

5. two solid blocks with inmlocking insulation inserts. 

The thermat resistmi for each unit was estimated for five different \ dues of concrete thermal resistivity: 0.19 

(1.32 ) 0.28 (I.%), 0.40 (2.77), 0.59 (4.09), aad 0.86 h-A2-"F/STU per in. (S.% mww). These values 
approximately correspond, respectively to the following cfeasities ofamcre$c: 
0 120 ( 1,92O), 

0 100 (l,fm, 
0 80 (1,280h 

60 (980), and 

40 Wff (640 kg/m?. 

For each wall system, models of theclear wall area, comer, wan/odling (roomvall) iatersecb 'on, wall/floor 

~winQFuheader,windowsin,windowadge,doofbeader, and door edge were^ Geometries 

0ftheseQzails~obtaiDedhstandardarchitechwl drawings or -stem rnanwktmm' design guides [4,Sl. 
Comreceheadas knnbs, dl~, and heads mnonna4, ~DCW in the R-value of& wiadows cx doors. So, 

are nottakeaimac4mltma.erall wan analysis. The interaction b e m a  the detail and the clear wall area was 
included mfhe COtlSPUfafjm so that the area ofthe clear wall thermally affected by the subsystem or detail could 
be derived. The temperatures and wind speeds used m all of tbe modeling rum ~ ~ a e  70°F (21 "C) and 0 MPH 
foe the interiof and -20°F (6.6'0 and 15 MPH for the eXteria 
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WALL THERMAL MODELING AND CLEAR WALL R-VALUE CALCULATIONS 

Finite differemx cumputer code was used for analyzing the heat transfer in foundation wds,  and wail details. 

ftcansolvesteady-state~~transientbeatconductiooproblemsmone,~,orthreedimenmrral * M  
cylindrical, or spherical coordinates [3]. Multiple materials and time- and temperaturedepemht tbennal 
conductivity, density, and specific beat can be specified T w - d  modeling was used far most of the 

clear wall areas. For some e- of Wan Openings, and for anas ofwall b&x&ons * with&- 
structure compormts, three- - m o d e I i n g w a s ~ . ~ ~ ~ w e € c & ~  
calculate average heat fluxes and the wall system R-vdues. 

The acamuy of tbe predicting of clear wall R-values was confhcd by using 19 pubWacsC 4 fix 
masonry, wood-fiamed, and me&l-stud walls. The phrase "clear d" was previousIy defincaby Kosny and 
Dcsjarlais [1,6] as $he flat part of the wall system that is f?ee of thermal d e s  due to buiklhg QIYCIOPC 
details such as comers, door and window openings, and structural joints with roofs, floors, ceilings d otba 

walls. The comparison bebeen expet-hntat and simulated R-values is presented in Table 1. The 95 percent 
interval of the Guarcied Hot Box Method usedfor the- is repOrtedtobt8boutS%[2]. 

The results dthe computet modeling are within this band 
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Table 1. Accuraq of HEATKG 7.2 R-vdw C a f c d b .  

1. 

2. 

3. 

4. 

5. 

6. 

Source of Number of 
information c o n s i d e d  

walls 

RC.Valm 4 
[Ti 
RC.Valore 6 
VI 
MarthaG. 1 
Van Geem 18) 

MarthaG. 1 
Van Geem 181 

TimotftyB. 1 
James 191 

TimdhyB. 1 

Waf) description I Accuracy (9.) 

J ~ S  p] 
7. Timdhy B. 

James (91 

8. W.C.Brou;n 
1101 
W. R 
Stnepe k [I l l  

I 

I 

1 

4 

Empty 2-core, 30 cm (12 in) 

Filled Zcore, 30 cm (I2 in.) 
CMU 

Emply2-<xxt,30an -0.3 

meblsbdwalls,40an 
(16 in) O.C. 

Empty2sae,30cm 
(12 in,) CMU 

Filled Zccae, 30 cm (12 in) 
CMU 
2 x 4 woodfi-amed wall 

5.2 

0.9 

0.8 

1.6 

In Table 1, the data presented in the column, "accuracy," werecomp\;itedbadcmtht following f e  

THERMAL EFFICIENCY OF INSULATION MATERIAL USAGE 

Because thermal insulation inserts are always expensive components of masomy wall units, it is important to 

effdvely use the insulation material. Knowing thermal efficiency (TE) of the use of the insulation material in 
masonry units can aid in tbermal evaluation of existing concrete masomy systems. Knowing how much tbt 

insulatimmahimaterial usedintbe Wan affected the walls thermal p e r f i m q  also be vexyusell in the design 

of thermally efficient masonry wall systems containing interstitial insulation 
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Thcrc arc a\ ailablc many r n m  technologes contixirung mud Qxs of intastitial insulation mmts Very 
oftcn, if the tha-md resistance of the insulation used in the concrete rruxxuy unit (0 and the increase of the 

ball R-value c a d  by thts msulation are c a p r e d ,  the actual iDcrease of the wall thermal resistance is much 

I o w a  lhrm the ptmtnl R-value of the used insulation [ 121. k is a result of the insulation material being used 
in an inetrcient wysothathidden t ku ia l  shcrtscausebeat losses. Ibt metbodofestimating its value is based 
on cOmpariSOn oftk R-vaIues of insulated R, and Minsutated & Unirs cach having the same face area F, . The 
equivdeat R-value oftfie insulation inserts ( RJ can be calculated for tbt laya of insulation material having tbe 

same facesurface area F,, as the CMU underumsideration, and Containing& same voSume V, which is used 
to insulate CMU. mmaybestpresseabythefdlowingtqustioa: 

To @equivalent thidmess ofinsulation d, the insulation- V- is dividedbytheface surfact area F, of 
the CMU. Equivalent thickness d, can be expressed as fdlows: 

Equivalent R-value of the collsumed insulation mataial R, is: 

R, = d, * r, 

where : 
t h d  resistivity of insulation material. - - ri 

The TEoftbe insulation material & s a i i t h e  influence of theshaptofamcrete d insulating parts of b W a n  



CLEAR WALL A!!D OVERALL WALL THER\LAL PERFORVASCE 

Cwcntiy, the e\ aluatioa of the wdI thermal &- is based OR the thermal resistance value of the clear 

wal l  area The clear wal l  is a aat, unrfcnn part of the wall, unintemrptcd b) wall de& Traditionally, od: this 

area is tested and most of thc theofetical calculations are provided oaly fot this area Measured or calculated 

thermal properties of the clear walf area may not adeqmteiy depict the total wall system thermal perfmance. 
For concrete m a s m y  wall systems, intersedoas with other building elements, and perimeters of opening are 

often very different from the clear wall. htbe past, this fact bas been ignored and omitted in wall thermal 

analysis.Tbermal- fathcclcar-drard d d e t a i l s ~ c o m p l a c d  for& following masonry wall 

systems: 
0 lminsulatedtwM.oreuni~ 

e i a s u l s t e d ~ *  
e indatedcut-webImits, 

0 uninsulatedmuItiuxcrmits,amd 
0 insulated multicore units. 

For all listed above wall systems, two densities of concrete were considered during modeling: 
0 for two-ocre and cut-web Units: normal density amcrek, 120 Ib/@ (1,920 kglm3 of thermal reskhity 

fa  muithe rmits: lisbtweigbt carrett, 40 WfP (640 kg/mj) of tbermaf re~istivity 0.90 h*fFF/h per 
0.19 h@F/Btu per in. (1.32 mlUW), d 

0 

in (6.24 mKN). 

The infIuem;eofwall details o n t h e o v d d  tbermalperformance is dif€m€alt for every strudurebecsuseof 
thevarLetyofarchitectural &signs. Toallowaxnparisars,astandardbuildingdewathwasused Thestandard 
elevartionselededfbrtfiisplrrposcisashrglestary~sty%;bollsttbathasbeentbtsubjectofprcviouscnergy 
&kh~ym>delingstudiesf131, T h e b o u s t h a s ~  1$00 ft? ofliving area (55 x 28 ft), 1,328 ft2 of 
exterior wall area (elevation), 8 windows, and 2 Booas (one door is a glass slider and is iracluded with the 

widows). Tbeelevationdareainchdes1,146ff ofopaquewallarea(anovdwaIl), 154ff ofwindows, 
and 28 ff of d m  area. Based 0 ~ 1  thc computed wall detail R-V-, the O V ~  d system R-vaiUCwa~ 
calcuIatedby combining the thermal resistance of the wall details, subsystems, wall intersections, and clear-wall 
area in a parallel, area-weighted rnethd 

- Row - 
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uhae: 

R, 
i 

R-vaIw of wall component (detail, or clear H dl), 

wall compooent index, 
number of wall components, and - - n 

w , = wall component area weighLng factor, 

area of component 
overall wall mea 

wt = 

The amount of c k  wall ana was calculated bydckmmbg thc ~ ~ l ~ l c  of influence for tach Wandetail and 
subtractingthatareahrn the total exterior wall area Thezone ofLnflueoce was dekmmed * byexaminingtbc 
isdhanosproctuccdbythe~nms. Theuwcof~wasdefinedasthat8reawberetbecxisteDct 
of the detail changalthe slope of the isotherm by more than 5’. This slope represents approxhndy a 1°F 
change m temperatnre per iach of length along the wall surtacc. Tbe area ~depictedisothermsthatwert 
ilnpadedbyh presenceof thewail detail was defined as the! zone of infl- fa that detail. 

Very of@ thermal PrOpertKs of wall details are different from those of tbe clear d area. Distribution of heat 

losses thtough tbcwail details can bc different firom tbe wall area distn’butiorr For an ideal wali system, tk 

Overan Wan R-value&ddbe+ tothe dm wall R-value. when the R-valutofthe details is 1- than tbt 

clear wall R-value, the thermal perfomumce of these wd details can be improVea 

Six types ofmasolrry wall units were considered duringcomputermodeIing Fncach shape of CMUthermal 

c f k i m c y o f i n s u l a t i f a ( T E ) a a d c f e a r d R - v ~ ~ ~ a s  a fimc.thoftbermalnsistivitydcmc~~4~ 
used m bloctrprochdh. A reQctian of wall R-value clluscd by Using mortarwas discussed as a 6 m c h d  
thermal resistiVityafblock CoIlCretc for lminsulated and insulated 2- units. Far uninsulated 2care Units, 

insulated 2crre units, cut-web units, uninsulated multicon units, and insulated multime units* a reduction of 
tbewallR-~c;nsedbygroutwascanputedasafirnctjaaofthenaatresistivityofblock~-~wail  
thermal analysis was performed for uninsulated 2 ~ o r e  units, insulated 2 u x e  units, cut-web units, Eminsulated 

multicore units, and insulated multicore units. Structurd drawings of the w d  f i l s  for solid CMU with tbe 

interlocking insulation inserts were not available for tbe author, so h y  wece mt included in the overall wall 
analysis. 
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As skmn m Figure 2 the h a I  efficiency (TE) of the insulation m a t e d  m t w m e ,  cut-ucb, and mdtmxc 

units made of normal density concretes varies from 20400,b. For produced in the U.S. solid units with 

intdadiing insulation insats - shape B, TE varies from 30-80%, and foc produced in Scandinavia shape A units 

- 70-90%. It can be observed thaf If CMUs are made of lightwight concretes, the thermal efficiency of the 

insdatia is him. It can reach 60-900? for blocks made of lightweight carwxete. Insulation in multi- units 

is very k f f d v c .  For normal density cooaete, it is below 200/0. The maximmu TE value for these WJtiCae 

units ma& of Sgbtweight concrete wilf not likely ex& 65%. 

T b e r m a l w  ofsixconsideredsbapesofCMUs aredepictedmFv 3 BS a f\mdian of thennalresistivity 

of block cuuzcte 
Solid CMUr m mmalty produced of the fightweight concretes. For such units R-value varies from about 5 to 
10 hf&/Btn (0.8 - 1.7 m2wW ). 
As shown inFig. 3, the thermd perfonnancc of two-core units made of d - d e n s i t y  amxetes is veq low; 

far an unimdated 12-in (30a1) thick unit, the R-value is belaw 2 h.fl?F/Btu (0.35 m'K/w). Becaust ofthis, 
several compafiies offkr mafly types of insulation inserts that are supposed to improve the block's thermal 

properties. Unfortunately, because the inserts are located in air cavities, t k y  cannot eUminatP. tbermal shorts 
through the transversal concrete webs. For insulated units, the R-value remains below 3.5 h.fPFlBb (0.62 
rn'ww). H t w m e  units are made of fightweight caaetes (wt 8  common^ m the U.S. ),the& R- 
h may behigher - about 4 h-fWl3t-u ( 0.7 m2ww) foruninsulated units, and 8 h-AtF/Btu (1.4 m'ww) fa 
insulated units. 
Cut-web C M U s  were designed to reduced heat losses caused bytrtnsveasaIcmxte webs in twczcoreonie. 

Many Qps oftk insulation inserts for the cut-web units are availabk in tbe U.S. market. E v a  if the co~~etc 

web height is radically reduced (about 40% in simulated cut-web M i t s  ), heat losses still occur through the 

transversal coi(Kxete webs. It can be observed in Figure 3, that the inaeaseofthethennal resistance causedby 
the reductiogof ca~xete webs is minimat for units madtofaamal density- ( q a r i s o n o f R - d  
W h d & d  and art-* Mits). For tb insufated cut-wcb &made O f  rrc3nna( density coI1Qetc, 
tbe R-value is below 5.4 h.fVF/E%tu (0.95 rn?uw). It-vahxs of the --web Mits made of lightweight COnQete 

ex& 11 b.ft2F/gtu (1.94 mtww). 
As shown in Fig 3, for mutticore units made of normal density amar$es, tbe R-value of an uninsulated 12-in 
(304x1) thidr: lmit is below 3.5 h*rtZF/Btu (0.62 dlUW) and for an insulated unit is about 6.8 h-fP/Btu (1.2 

rn'K/W). It is interesting that the R-value of an uninsulated multiuxe lmit is as high as the R-value of an 

insdakd twoarcunit. For insulated mult im units made of lightwight amax&, the R-value can exceed 19 
h-AtF/Btu (3.35mtww). 
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Solid blocks ~ 3 h  interlocking insulation inserts are Usuay made of h$tueight concretes As shown in Fig. 3, 

for the prduced in Scandinavia solid units with integral insulation inserts -shape A, the R-value can exceed 

18 h-ft'F/Btu (3.17 d ww). For p r o d d  in tbe U.S. shape B unit, R-value can reach 20 k8fi FDtu (3.52 
m'r;nv>. 

The mortar joint area usually covers 4-104/0 of the total wall area. Mortar may geoerate a d d i t i d  Wan heat 
losses in maSOnry walls. Because of the complicated 3-dimmensial character of the heat transfer m areas of 

mortar joints the reduction of the wall thermal re~ktaace iS d d o m  incorporated in the R-value CalcuIatiOaS. AS 
shown in Fig 4, hR-~ah~recfuctioncan exceed 12% fOr twrnxlrc I&. Tbc t f k t  imrcasCo& tbe 
tbmnalresistivityofblockama&eimeases AI.eductionofthtinfluenctofthcbeat~~tbtnuxtar 
on the wall R-value can be achieved by using less-conductve mortats or decreasing the area of mxtarjoints. 

In~CMus,sidemortarisbeingrepfacedbytbtin~~~to~~acent~withouttbe 

usage of mortar. 

C ~ n ~ t r u ~ t i o ~  of hd-bearing walls made Of b l lowc~re  blocks requires vv often installing &ti~nal 
reinfotcemeot and filling air cores with the grotd. Ford CMUs, grollt effed deaeases when the co~xete thermal 

resistivity brreases. For the grout of thermal resistivity 0. I I h-fYFBTV per in ( 0.77mK/w 1, the gouf effect 

was depided as a€imction of the bIock amczcte tbennal resistidy. It canbeobsaved in Figore 4 wcut-web 

units areless sensitive to the grout effect (grout effect varies from 3-7%). F0rtwoux-e units madeofnormal 
dens~~cometes ,reductioa~ftbeR-valuernllrpAbytbegrout~intOtbe~isabout 10%. 

units made of lightweight conaete, the grout effect is about 5%. For Minsulated multiaxe CMUs, tk grout 
effedranains mthe 6 1 2 % ~ .  The R-valueofinSula&d multioore units is very sensitive to the local tbamal 
bridges c a u ~ e d  by co~es filled with grold Reducti~n of tbe R-value for these \mi& may reach 300? far MKmal 
density cametes and 25% for lightweight COIlgetes. 

Walls arenothamogeneous tbamal barriasmade fkomur&imcmponas WaIldetails, 4 as c ~ ~ l l x s c x  

structural connections between wall and ceiling, behave veay dif€" fium the clear wall. At presenf tbe 
This 

sknplification canlead toerrors m predicting the a ~ e t g y  efficKacy of buiMing envelopes. Results of the o v d  

wall thermal analysis for lminsulated Z~oreuni ts,  insulated 2-e units, --web units, unimdatedmulticon 
units, and insulated mdticore Mits are summarized m Figure 5. For all considered walI systems, except an 

impact of the construction details 011 the o v d  wall thermal performance is o w  ovalded. 
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~d ar ~ a  Intheart-wcb a t  wall ~ ) s t e m , t U v ~ ~ e ~ t s  d for tbe &IS. FCX tb~  N t - d  

wf wall,  thc R-%due of the clcar wal l  area is about 12% higher than that of the overall wall For m h s u l ~  

mulbcore unh, the clear wall R-value is almost equal to the overall u d  R-value. For insulated m u l h  units, 

tk cfm wall R-value is 24% higher than the o v d l  wall system R-\ a l . ~ .  It was obsened that for walls made 
ofart-ueb or insulated mdtiare units, R-values of the three most sigdjcant wall &ads (corner, wall/ceilmg, 

and waIl/ffoor debib) are 25-50% lower than the clear wall R-value. The Wall/cetIing detail has the nxst 

lowering impad 011 the O V ~  wall R-value. 

CONCLUSIONS 

A Saies of 2-D rmd 3-D computer ~imutatHlns * w a s p e r f o r m e d t o a n d y z t t h e t b t r m a l ~ o f ~  
masonry wall systems. Six  shapes of CMUs were coosidered during ~ ~ d i f f ~ ~ ~  Tbe 
-sis ofthe thema! propemeS was performed for a wide range of the blodrcawretedGnsitits (iiummrmd 
density collc~etes to lightweight coflctefes ). The following series of conclusion were developed They may be 

usel l  in the firture thermal designing of CMU wa.U sqstems: 

Thethermal e f k i m q r o  ofthe insulation material in twoare, cut-web, andnnilticacunits made ofnamrl 
dermtycometes vaiesbehveea 20-40??% This shows that 60-80% of the indalicm docs not incaeaSe t h e d  

R-value. Applkatb of lightweight co~lc~etes m production of masonry Units may help b increase thenarl 
efficiency oft& insulatioa TE can reach 90% for blocks made of l i i g h t w e i g h t ~  losulatia locatedin 
mdtiaxe wits is very ineffective. For normaf h i t y  conaete, TE is below ZO%, for multicore units madt of 
lightweight comxete - from 50 - 60%. it is significant that air cores in units made o f d  densityconcntcs 
crezdeaveryideqate ' ,-It for installing any insulation material. Probably, &best sdutioa for tkse 

Wan systems is &usage of a rigid foam insulation _installed on the s\afirce of thewall. 'Ibt onty cxqt ion istk 
Scandinavian sdid unit with the interlocking insuIation iosert (shaptA unit). Fathis Pna, thermal tlffciceEy 
oftbeinsutationvariesfian7~9o%fammaldarsityandlightweigbtconaetes. In@ insulatioainsats 

installed in units ma& of lightweight com'aetes are much mote effective. 

R-values of most CMUs produced from normal density cmcretes are very low. The thermal resistance of 12-h 
(3Oan) thick unindated twwmre units made of maldensity cmaetes is b e h  2 h@F/Ejtu (0.35 mzww). 
For the insulated twoaxe units, and uninsulated multicore units, it is less than 4 hdkF/Btu ( 0.7 mtwW ). Fa 
insdated rnultiam and cut-web units R-value is below 7 h-fPF/Btu (1.23 dwW ). When the rigid fuam 
iomlation cannot be installed ( for example when it is dangex of tk termite damage),& use of lightweigbt 



concre:es in ChEs production IS thc most tffechbe way to impro\e their h a l  peafomancc R-vdua for 

insulated multicore units and solid units with interlocking Lnsu!aIatior? inserts ( shape A and B 1 ma), reach20 

h*R’F/Btu ( 3 5 m2wW ) if they are produced of lightweight concretes. h e x  tbermal conductivity of these 
concretes reduces thermal bridges across the blocks and improses the total thennal performance of units. 

U d e ,  this at so red^^^^ tbe load that canbecarried by these walls dut to the bmx compnssive 
However, some ofthese units can by used as ktt in place wall fams (in tbc same way =Mocks &of 
insulating fm),wka-eWan smctmal integr;tyis provided by the reinfi-t and structural coacretepapcd 

into cores. 

where grout 

concretes and 25% for lightweight concretes. 

simply repIace insulation inserts, R-value reddon may reach 30% for normal density 
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soNOd biookar with 

multloore blook : 
block concrete rows - 1.5" 

EPS insulation inserts - 2.0" 
block webs - 1.5" 

solld blook shape A= 

concrete insul. locks - 1.0" 
insulation thickness - 2.0" 

side walls - 4.0" 

solld blook shape 6: 
side wails - 2.0" 
concrete webs - 2.5" 
insulation thickness - 1.7" 

e-oore blook : 
- 1.75" concrete web 

black side wall - 1.75" 
EPS insulation insert - 1.88" 

out-wab blook 
concrete web - 2.0" 
block side wall - 1.75" 
EPS insulation insert - 2.5" 
web height reduction - 3.0" 

Fig.1 Simulated masonry wall systems. 
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Fig.3. Thermal resistance of masonry units. 
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Fig.4. Reduction of wail R-value caused by mortar and 
concrete poured into cores ( grout ) in masonry units. 
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F i g 5  Overall wall thermal analysis for masonry wail systems. 


