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ABSTRACT 

New materials, modem wall technologies now available in the 
bllilding marketplace, and IIniqlle, more accllrote, metllods of 
tllermal analysis of wall systems createall opportllnih) todesigll 
alld erect bllildings wllere tllermal ellve/opes tllat lise masolllY 
wall systems COIl be more efficient. 

Cllrrent tecllniqlles for tllC evalliation of wall tllermal per
formOllce are focllsed all tile therlllal resistallce vallie of the clear 
wall area. Tile clear wall is the flat, IIl1iform part of ti,e wall, 
IInillterl'llpted by wall details. 7J'aditionally, olily tllis area is 
tested alld most of tile tlleoretical calclllations are provided only 
for tllis area. Here, tile tllermal pelformallce of six masonry wall 
systems is mlOlyzed. Most existing masonry systems are modi
fications ofteclmologies presellted in tllis paper. Filiite-differCllce 
two-dimensional alld tllree-dilllensiolial comp"ter modeling 
and IIniqlle metllods of tile clear wall and overall tllermal anal
ysis were used. 

In the desigll of tllermally efficiellt masollry wall systems 
it is importallt to kllow limo effectively tile inslllatiollmaterial 
is IIsed alld 1I0w tile illslllatioll sllape alld its locatioll affect tile 
wall tllermal pelf orilla lice. For some sllapes of the ill5111atioll 

INTRODUCTION 

A steady-state thermal analysis has been performed 
on popular masonry wall systems and their details. A 
finite-difference heat conduction code developed at a 
national laboratOlY was used for thermal modeling 
(Childs 1993). The accuracy of the prediction of clear 
wall R-values was validated by using 19 published test 
results for masonry, wood-framed, and metal-stud walls 
(maximum discrepancy between test results and simu
lated R-values was less than 6%). Considering that the 
precision of the guarded hot box method is reported to 
be approxinlately 8% (ASTM 1989), the ability of the 
computer· model to reproduce the experimental data 
was found to be satisfactory. 

Figure 1 illustrates 12 in. (30 cm) thick masonry wall 
units that were analyzed for this papel: In the clear wall 
thermal analysis, the following six concrete masonry ,mits 
(CMUs) were studied: solid block, two-core hollow block, 

and concrete cOlI/pol/mts, hiddell therlllal shorts cal/ calise con
siderable heat losses. In tllis stlldy, the tllerlllal analysis of the 
clear wall was ellriched witll tile study of a qllalltity defilled 
herein as tile tllermal efficiency of the illslllatiolllllaterial. Also, 
an evalliation of tile therlllal effects gellerated bYlllortar and 
grollt was inclllded in the clear wall thermal analysis. 

In addition, an exam illation of therlllal properties of wall 
details was perforllled for three wall systellls. The total wall sys
tem thermal perforlllalices were determilled for a h)pical sillgle
StDlY mllcll hOllse. At presellt, bllildillg ellelgl) codes and stall
dards and many residelltial bllilding desigllers do 1I0t illc/llde 
the effects ofbllilding enve/ope details sllch as comers, willdow 
alld door openillgs, alld stl'llctllml joints willi roof',floors, ceil
illgs, alld other walls. Tllis Silllplificatioll can lend to errors in 
detel'lninillg the ellelgll efficiency of the bllilding enve/ope. III 
masonry wall systems, wall details may IlOve a strllctllre differ
ent from the clear wall area. Also, hig"'y condllctive gmllt and 
reilijorcelllent are IIsed very of tell. Tllese COIISt' additional ther
mal bridges, which shollid be illcorpornted into the the/'lnal per
formmlce allalysis. 

cut-web block, multicore block, solid block with interlock
ing insulation insert, and solid block with serpentine insu
lation insert. The thermal resistance for each lUlit was 
estiInated for five different values of concrete thermal 
resistivity: 0.19 (1.32), 0.28 (1.94), 0.40 (2.77), 0.59 (4.09), 
and 0.86h·ft2.oF/Btll per in. (5.96 m·K/W). These values 
approximately correspond, respectively, to the following 
densities of concrete: 120 (1,920), 100 (1,600), 80 (1,280), 60 
(980), and 40 Ib/ftJ (640 kg/m3) (ASHRAE 1993). 

Typically, CMUs are produced in the United States 
with normal density concrete-140-120 Ib / ff' (2,240-1,920 
kg/ m'). Using normal density concrete, hollow blocks 
can be Inanufactured in compressive strengths ranging 
from 1,500 to 4,000 psi (10 to 27.5 Mpa) based on net area 
(Drysdale et a!. 1994). 

In addition to this traditional production, a variety of 
shapes of CMUs made of lightweight concretes are avail
able in several countries. Concretes with lower thermal 
conductivities improve the thermal performance of such 
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out-web blook : 
concrete web - 2.0" 
blookslde wall - 1.75" 
EPS Insulation Insert - 2.5" 
web height reduction - 3.0" 

multloore blook : 
blook oonorete rows - 1.5" 
blook webs - 1.5" 
EPS Insulation Inserts - 2.0" 

Figure 1 Simulated masonlY wall systems. 

units. Unfortunately, lower compressive strength reduces 
the load that can be carried by walls made of CMUs 
Inanufactured of light'iveight concretes. Compressive 
strengths of lightweight concretes are sometimes 10 times 
lower than for normal density concretes-ranging from 
290 to 1,500 psi (2 to 10 Mpa) (Roszak and Kubiszek 1989; 
RlLEM 1993; Mielczarek and Lange 1989). So lightweight 
concretes are mostly used to produce solid CMUs or left
in-place forms where necessary strength is provided by 
poured structural concrete. 

11,e most popular lightweight concretes are listed 
belo\\': 

Expallded silnie, clay, alld siate (ESCS) cOllcretes of den
sities of 80 to 100 Ib/ft3 (1,600 to 1,280 kg/m3) are also 
used in the U.S. for CMU production. For thermal calcu
lations for CMUs made of these concretes, the following 
range of thermal resistivities is recommended: 0.40 to 0.27 
ll'ft2 .oF/Btu per in. (2.79 to 1.89 m'K/W) (ESCSl 1992). 

In Europe, Jigilhoeigilt expallded clay aggregale (LECA) COli

cl~te-28 to 40 Ib/ft" (450 to 640 kg/m3)-is widely used for 
CMU production. 11,e tI,ennal resistivity of ti,e LECA con
crete is reported as between 1.07 and 0.9 h·ft2·oF/Btu per in. 
(7.70 and 6.29 m'K/W) (l.ECA 1991). 

Also, mostly in Europe, CMUs are made of wood COII

crele-28 to 40 Ib/ftl (500 to 1,000 kg/m3). 11,e thermal 
resistivity of wood concrete is reported as between 0.90 
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and 0.41 h·ft2 .oF/Btu per in. (9.09 and 2.86 m·K/W) 
(Mielczarek 1989; Nanazasvili 1983; Wyszynski and Sad
owski 1985; Kosny 1994). 

Expanded polystyrene beads are used sometimes as 
lightweight aggregates for concrete production. Density 
of the expallded polystyrelle bend cOllcrete is in the range of 25 
to 70 Ib/ftl (400 to 1,120 kg/m3). A proposal of the Cana
dian 1995 National Energy Code recommends, for the 
expanded polystyrene bead concrete of density of30 Ib/ ft" 
(480 kg/m3), a thermal resistivity of 0.89 h·ft2 .oF/Btu per 
in. (6.17 m'K/W) (NRCC 1995). 

Alltoclaved aerated cOllclele (AAC) is a popular material 
for solid CMU production in Europe. 11,e density of ti,e 
CMUs made of AAC is in ti,e range of 30 to 40 Ib / ft" (480 to 
640 kg/m3); its thelmalresistivity is about 0.95 h ·ft2. of/Btu 
per in. (6.58 m·K/W) (RILEM 1993). 

The mortar joint area usually covers 4% to 10% of the 
total wall area. Mortal' may generate considerable heat 
losses in masonry walls. Also, the construction of load
bearing walls made of hollow-core blocks often requires 
installing additional reinforcement and filling ail' cores 
with the grout. 11,e evaluation of the thermal effects 
generated by mortar and grout were included in the 
clear wall thermal analysis. 

Existing methods of thermal calculations for building 
wall systems are based only on the measured or calculated 
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thermal performance of the clear wall area. Clear wall 
measurements are typically carried out by apparatus such 
as the one described in AS1M C 236 (AS1M 1989). A rel
atively large (approxinlately 8 ft by 8 ft or larger) cross sec
tion of the clear wall area of the wall system is used to 
determine its thermal performance. Thermal anomalies, 
such as concrete webs or core insulation inserts, are typi
cally included in the test configuration. For concrete and 
masonry walls, building envelope intersections and open
ing perimeters may represent different constmctions than 
those of the clear wall area. Obviously, the thermal prop
erties measured or calculated for the clear wall area may 
not adequately represent the total wall system thermal 
performance.ln the past, that fact has often been omitted, 
and, as a result, wall details have not been thermally exam
ined and improved. As was discussed in Kosny and Des
jarlais (1994) for the cases of wood and metal frame walls, 
polystyrene foam wall form systems, and two-core CMU 
walls, these simplifications can lead to errors in deter
mining the energy efficiency of the building envelope. 
lnvestigating areas of possible heat losses in buildings and 
opportunities to replace highly conductive materials 
should aid thermal designing of future buildings. 

Three masonry wall systems were considered for the 
overall wall analysis (two-core, cut-web, and multicOl'e 
tmits). For each wall system, models of the clear wall 
area, cornel~ wall/ceiling (roof/wall) intersection, wall/ 
floor intersection, window headel~ window siB, window 
edge, door headel~ and door edge were analyzed. For all 
these wall systems, two densities of concrete were con
sidered during modeling: 

• for two-core and cut-web units: nannal density con
crete, 120 lb/f~1 (1,920 kg/m3) of thermal resistivity 
0.19 h· ft2 . OF /Btu per in. (1.32 m· K/W); 

• for multicore units: lightweight concrete, 40 Ib / ft' 
(640 kg/m3) of thermal resistivity 0.90 Idt2 .oF/Btu 
per in. (6.24 m·K/W). 

Geometries of wall details were obtained from the 
following standard architectural drawings or system 
manufacturers' design guides: NCMA (1975), Hoke 
(1988), !BC (1992), and SII 1989, 1991). 

The temperatures used in all of the modeling !'tms 
were 70°F (21 OC) for the interior space and - 20°F (6.6 OC) 
for the exterior environment. The resultant temperature 
maps were used to calculate average heat fluxes and the 
wall system R-values. Using a standard building eleva
tion, these results have been combined to compute the 
amount of the clear wall area and to determine the over
all wall system thermal performance for a typical single
story ranci1 house. 

WALL STEADY-STATE THERMAL MODELING 
AND CLEAR WALL R-VALUE CALCULATIONS 

A finite-difference computer code was used to ana
lyze the heat transfer in the clear walls and wall details. 
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It can solve steady-state and/or transient heat conduc
tion probleills in one-, two-, or three-dimensional Carte
sian coordinates (Childs 1993). Multiple materials and 
time- and temperature-dependent thermal conductivity, 
density, and specific heat can be specified. Two-dimen
siOllal modeling was used for most of the clear wall 
areas. For some elements of wall openings and for areas 
of wall intersections with other building structure com
ponents, three-dimensional modeling was necessary. 
Resulting temperature maps were used to calculate 
average heat fluxes and the wall system R-values. 

The accuracy of predicting clear wall R-val ues was 
confirmed by using 19 published test results for masomy, 
wood-framed, and metal-stud walls. 11,e phrase "clear 
wall" was previously defined by Kosny and Desjarlais 
(1994) as the flat part of the wall system that is free of ther
mal anomalies due to building envelope details such as 
corners, door and window openings, and structural joints 
with roofs, floors, ceilings, and other walls. The compar
ison between experimental and simulated R-vailies is 
presented in Table 1. 11,e 95% confidence interval of the 
guarded hot box method used for the experiments is 
reported to be about ±8% (ASTM 1989). 11,e results of the 
computer modeling should be within this band to be con
sidered as credible predictions. 

In Table 1, the data presented in the" Accuracy" col
unUl were computed based on the following formula: 

Accuracy = 
RSilllllJ - Rtt's/ 0 

R ·10%. 
It'st 

(1) 

As shown in Table 1, the InaxiInlim discrepancy 
between test results and simulated R-values ,\-vas less than 
6%. Considering that the precision of the guarded hot box 
method is reported to be approximately 8% (ASTM 1989), 

TABLE 1 Accuracy of Heating 7.2 Clear Wall 
R-Value Calculations 

No. of 
Consid- Accu-

Source of 
Information 

I. VOlore (1988) 

2. VOlore (1988) 

3. VOn Geem (1986) 

4. VOn Geem (1986) 

5. James (1990) 

6. James (1990) 

7. James (1990) 

8. Brown (1993) 
Strzepek (1990) 

ered 
Walls 

4 

6 

4 

racy 
Wall Description ('!o) 

Empty 2-eore. 30 em 3.6 
(12 In.) CMU 

Filled 2-eore. 30 em 5.6 
(12 in.) CMU 

Empty 2-eore. 30 em -0.3 
(l2In.)CMU 

Filled 2-eore. 30 em -3.6 
(12 in.) CMU 

Empty 2-eore.3O em -0.9 
(12 In.) CMU 

Filled 2-core. 30 em 0.8 
(12 In.) CMU 
2 x 4 wood-framed wall 1.6 
Metal stud walls. 40 em 5.2 
(16 in.) o.e. 
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Ule ability of this computer model to reproduce the exper
imental data was fOlmd to be satisfactory. 

THERMAL EFFICIENCY OF 
INSULATION MATERIAL USE 

Because thermal insulation inserts are expensive 
cOInponents of Inason1'Y wall tmits, it is important to 
effectively use the insulation material. Knowing the 
thermal efficiency (TE) of the insulation material in 
masonry units can aid in the thennal evaluation of exist
ing concrete masonry systems. Knowing how much the 
insulation material used in the wall affected Ule wall's 
thermal performance may also be useful in the design of 
thermally efficient masonry wall systems containing 
interstitial insulation. 

Many masonry teclmologies are available that con
tain several types of interstitial insulation inserts. Very 
often, if the thermal resistance of the insulation used in 
the CMU and the increase of the wall R-value caused by 
this insulation are compared, the actual increase of the 
wall thermal resistance is much lower than the potential 
R-value of the used insulation (Kosny and Christian 
1993). TIlis is a result of the insulation material being 
used in an inefficient way so that hidden thermal shorts 
cause heat losses. The method of estimating its value is 
based on comparison of the R-values of insulated R; and 
tminsulated RII units, each having the same face area 
(FIf)' The equivalent R-value of the insulation inserts (R,) 
can be calculated for the layer of insulation material 
having the SaIne face surface area, Fill as the eMU lmdel' 
consideration and containing the same volume, VillSI 

which is used to insulate the CMU. TE may be expressed 
by the following equation: 

R-R 
TE = T·100% , (2) 

·where 

R; = R-value of insulated unit, 
RI/ = R-value of uninsulated lUlit, and 
Rt> = equivalent R-value of insulation material used. 

To get the equivalent thickness of insulation (d,), the 
insulation volmne, Vilis' is divided by the face surface 
area, FII' of the CMU. Equivalent thickness, de' can be 
expressed as follows: 

Vilis 
d,. = (3) FII . 

TIle equivalent R-value of the consumed insulation 
material, Re, is 

(4) 

where 

Yj = thermal resistivity of insulation material. 
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TIle TE of the insulation material describes the influence 
of the shape of the concrete and insulating parts of Ule 
wall lmit on the wall R-value. 

CLEAR WALL AND OVERALL WALL 
THERMAL PERFORMANCE 

Currently, the evaluation of wall thermal perfor
mance is based on the thennal resistance value of the 
clear wall area. TIle clear wall is a flat, lmiform part of 
the wall, uninterrupted by wall details. Traditionally, 
only this area is tested and most of the theoretical calcu
lations are provided only for this area. Measured or cal
culated thermal properties of the clear wall area may not 
adequately depict the total wall system thermal perfor
mance. For concrete masonry wall systems, intersections 
with other building elements and perimeters of open
ings are often very different from the clear wall. In the 
past, this fact has been ignored and omitted in wall ther
mal analysis. 

TIle influence of wall details on the overall wall ther
mal performance is different for every structure because 
of the variety of architectural designs. To allow compari
sons, a standard building elevation was used. TIle stan
dard elevation selected for this purpose is a single-story 
ranch-style house that has been the subject of previous 
energy-efficiency modeling studies (Huang et al. 1987). 
TIle house has approximately 1,500 ft2 of living area (55 
by 28 ft), 1,328 ft2 of exterior wall area (elevation), eight 
windo\vs, and two doors (one door is a glass slider and 
is included with the windows). The elevation wall area 
includes 1,146 ft2 of opaque wall area (an overall wall), 
154 ft2 of windows, and 28 ft2 of door area. Based on the 
computed wall detail R-values, the overall wall system 
R-value was calculated by combining the thermal resis
tance of the wall details, subsystems, wall intersections, 
and clear wall area in a parallel, area-weighted method: 

(5) 

where 

R, = R-value of wall component (detail or clear wall), 
I wall component index, 
H = nmnber of wall cmnponents, and 
Wi wall component area-weighting fact01~ 

where 

area of component 
'Wj = overall wall area . (6) 

The amount of clear wall area was calculated by 
determining the zone of influence for each wall detail 
and subtracting that area from the total exterior wall 
area. The zone of influence was determined by examin
ing the isotherms produced by the modeling runs. TIle 
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zone of influence was defined as that area where the 
existence of the detail changed the slope of the isotherm 
by more than 5 degrees. This slope represents approxi
ma tely a 1°F change in temperature per inch of length 
along the wall surface. The area that depicted isotherms 
tha t were impacted by the presence of the wall detail 
was defined as the zone of influence for that detail. 

Very often, the thermal performance of wall details is 
different from that of the clear wall area. Distribution of 
heat losses through the wall details can be different from 
the wall area distribution. For an ideal wall system 
(from a thermal performance perspective), the overall 
wall R-value should be equal to the clear wall R-value. 

RESULTS OF STEADY-STATE 
THERMAL MODELING 

Clear Wall Thermal Analysis 

For clear wall thermal analysis, six types of masonry 
wall units were considered during computer modeling. 
For each shape of eMU, thermal efficiency of insulation 
(TE) and clear wall R-value were computed as a func
tion of thermal resistivity of concrete used in block pro
duction. A reduction of wall R-value caused by using 
fllortar was discussed as a function of thermal resistivity 
of block concrete for uninsulated and insulated two-core 
lmits. For lminsulated two-core units, insulated two
core units, cut-web units, uninsulated Inulticore units, 

Ri Ru 

and insulated multicore units, a reduction of the wall 
R-value caused by grout was computed as a function of 
thermal resistivity of block concrete. Overall wall ther
mal analysis was performed for wunsulated two-core 
units, insulated two-core lmits, cut-web units, tminsu
lated multicore units, and insulated multicore units. 
Structural drawings of the wall details for solid eMUs 
and for solid eMUs with the serpentine and interlock
ing insulation inserts were not available to the authors, 
so they were not included in the overall wall analysis. 

As shown in Figure 2, the thermal efficiency (TE) of 
the insulation material i.n hVD-core, cut-web, and llUtlti
core units made of normal-density concretes varies frDIll 

20% to 40%. For solid units with interlocking insulation 
inserts (shape B), TE varies from 30% to 80%, and for 
shape A units, it varies from 70% to 90%. It can be ob
served that if eMUs are made of lightweight concretes, 
the thermal efficiency of the insulation is higher. For most 
insulated blocks made of lightweight concrete (except 
insulated multicore eMUs), TE can reach 60% to 90%. In
sulation in multicare tmits is very ineffective. For normal
density concrete, it is less than 20%. 1ll.e maximum TE 
value for these multicore units made of very lightweight 
concrete likely will not exceed 65%. 

Thermal resistances of six considered shapes of eMUs 
are depicted in Figure 3 as a function of thennal resistivity 
of block concrete. 
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Figure 2 Thermal efficiency-TE of insulation material in masonry units. 
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Figure 3 Thermal resistance of masonl}' units. 

Solid CMUs are normally produced of the light
weight concretes. For 12-in.-thick units, R-value varies 
from about 5 to 10 h·ft2 .oF/Btu (0.8 to 1.7 m2 ·K/W). 

As shown in Figure 3, the thermal performance of two
core Huifs made of nonnal-density concretes is very low; 
for an tminsulated 12 in. (30 cm) thick tmit, the R-value is 
less than 2Idt2.oF/Btu (0.35 m2 ·K/W). Because of this, 
several companies offer many types of insulation inserts 
that are supposed to improve the block's thermal perlor
mance. Unforttmately, because the inserts are located 
only in air cavities portioned with the concrete webs, they 
carmot eliminate the thermal shorts through the transver
sal concrete webs. For insulated units, the R-value 
remains less than 3.5 h·ft2 .oF /Btu (0.62 m2 .K/W). If ttvo
core units are made of lightweight concretes (not a com
mon practice in the U.s.), their R-values may be higher
about 4ldt2 .oF /Btu (0.7 m2 .K/W) for tminsulated tmits 
and 8 h·ft2 .oF /Btu (1.4 m2 ·K/W) for insulated units. 

ClIt-web CMUs were designed to reduce heat losses 
caused by transversal concrete webs in two-core units. 
Many types of the insulation inserts for the cut-web 
units are available in the U.s. market. Even if the con
crete web height is radically reduced (about 40% in sim
ulated cut-web units), heat losses still occur through the 
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transversal concrete webs. It can be observed in Figure 3 
that the increase of the thermal resistance caused by the 
reduction of concrete webs is mininlal for units made of 
normal-density concretes (comparison of R-value be
tween insulated two-core and cut-web tmits). For the 
insulated 12-in.-thick cut-web tmit made of normal
density concrete, the R-value is less than 5.4 h·ft2.oF/Btu 
(0.95 m2·K/W). R-values of the cut-web tmits made of 
lightweight concrete could exceed 11 Idt2.oF/Btu (1.94 
m 2.K/W). 

As shown in Figure 3, for IIllllticore IIl1its made of 
normal-density concretes, the R-value of an lUlinsulated 
12 in. (30 cm) thick unit is less than 3.5ldt2.oF /Btu (0.62 
m2.K/W) and for an insulated unit it is about 6.8 
h·ft2 .oF/Btu (1.2 m2 ·K/W). It is interesting that the 
R-value of an tminsulated tllulticore lmit is as high as 
the R-value of an insulated two-core unit. For insulated 
multicore units made of lightweight concrete, the 
R-value could exceed 19Idt2 .oF/Btu (3.35 m2.K/W). 

Solid blocks with illterlockillg illslllntioll illserts are usu
ally made of lightweight concretes. As shown in Figure 
3, for solid units with integral insulation inserts (shape 
A), the R-valuecanexceed 18h·ft2 .oF/Bttl (3.17 m2 ·K/W. 
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Figure 4 Reduction of wall R-value caused by mortar and concrete poured into cores (grout) in masonry units. 

For a shape B lmit, the R-value can reach 20 Idt2.oF/Btu 
(3.52 m2 . K/W). 

Note Ihal all presellied R-vailies accolillt ollly for blocks 
Ihelllseives. They do 1101 accolIlIl for lIlorlar or grolil. 

Mortar Effect 

The mortar joint area usually covers 4% to 10% of the 
total wall area. Mortar may generate additional wall 
heat losses in masonry walls. Because of the complicated 
three-dimensional character of the heat transfer in areas 
of mortar joints, the reduction of the wall thermal resis
tance is seldom incorporated in the R-value calculations. 
As shown in Figure 4, the R-value reduction can exceed 
12% for two-core lmits. The mortar effect increases when 
the thermal resistivity of block concrete increases. A 
reduction of the influence of the heat losses through the 
mortar on the wall R-value can be achieved by using less 
conductive mortars or decreasing the area of mortar 
joints. In many CMUs, side mortar is being replaced by 
interlocking means to cOlmect adjacent units without the 
use of mortar. 

Grout Effect 

Construction of load-bearing walls made of hollow
core blocks frequently requires installing additional 
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reinforcement and filling air cores with the grout. For all 
CMUs, the grout effect decreases when the concrete 
thermal resistivity increases. For the grout of thermal 
resistivity of 0.11 h·ft2.oF /Btu per in. (0.77 m' K/W), the 
grout effect was depicted as a function of the block con
crete thermal resistivity. It can be observed in Figure 4 
that cut-web units are less sensitive to the grout effect 
(the grout effect varies from 3% to 7%). For two-core 
units lnade of normal-density concretes, reduction of the 
R-value caused by the grout poured into the cores is 
about 10%. For two-core lmits made of lightweight con
crete, the grout effect is about 5%. For uninsulated multi
core CMUs, the grout effect remains in the range of 6% 
to 12%. The R-value of insulated multicore units is very 
sensitive to the local thermal bridges caused by cores 
filled with grout. Reduction of the R-value for these 
units may reach 30% for normal-density concretes and 
25% for lightweight concretes. 

Overall Wall Thermal Analysis 

Walls are not homogeneous thermal barriers made 
from uniform components. Wall details, such as corners 
or structural COIU1ections behveen \vall and ceiling, 
behave very differently from the clear wall. For exam
ple, in walls constnlcted of cut-web units, standard two-
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core wlits have to be used for corners and wall openings 
(!BC 1992). In all masonry systems, U-blocks are fre
quently used in bond beams and cast-in-place lintels 
(Hoke 1988; 5II 1991). 5teellintel angels are commonly 
used for window and door headers (51! 1991). Also, for 
Inost Ina50nry wall systellls, beams, girders, and other 
concentrated loads shall bear on the grouted blocks 
[Hoke 1988; NCMA 1975}. A concentration of highly 
conductive materials (steel, concrete, grout) creates ther
Inai shorts in locations of the construction details in 
masonry walls. At present, the impact of the construc
tion details on the overall wall thermal performance is 
often overlooked. This simplification can lead to errors 
in predicting the energy efficiency of building enve
lopes. 

Results of the overall wall thermal analysis for unin
sulated two~core units, insulated two-core units, cut
web units, uninsulated 111ulticore lUlitS, and insulated 
Inulticore WlitS are SUll1111arized in Figure 5. For all 
listed wall systems, two densities of concrete were con
sidered during modeling: for two-core and cut-web 
lmits, normal density concrete, 120 lb/ft> (1,920 kg/m3) 
of thermal resistivity 0.19 h ·ft2.oF /Btu per in. (1.32 m·K/ 
W), and for multicore units, lighhveight concrete, 40 lb/ 
ft" (640 kg/m3) of thermal resistivity 0.90 Idt2.oF/Btu 
per in. (6.24 m' K/W). 

R-value [hfFF/Btu] 

Geometries of wall details were obtained from stan
dard architectural drawings or system manufacturers' 
design guides. Detailed descriptions of wall details 
used for computer modeling are presented in Tables 2, 
3, and 4. 

For all considered wall systems, except an uninsu
lated hvo-core unit wall, the R-values of the wall details 
are 20% to 50% lower than the R-value of the clear wall. 
For the uninsulated two-core CMU system, the R-value 
of the clear wall area is so low (1.56 h·ft2.oF/Btu [0.27 
m2X/Wj) that the thermal performance of the wall 
details can actually increase the R-value of the overall 
wall area. In the cut-web unit wall system, two-core 
units are commonly used for the wall details. For the 
cut-web unit wall, the R-value of the whole wall is about 
12% less than that of the clear wall. For uninsulated mul
ticore units, the clear wall R-value is ahnost equal to the 
overall wall R-value. For insulated multicore units, the 
\vhole wall R-value is 24% Imver than the clear wall 
R-value. It was observed that for walls made of cut-web 
or insulated multicore units, R-values of the three most 
significant wall details (corner, wall/ceiling, and wall/ 
floor details) are 25% to 50% lower than the clear wall 
R-vallie. TIle wall/ceiling detail has the Inost lowering 
inlpact on the overall wall R-valll€. 

R-value [ m2K/W] 
25r----------------------------------------------------------. 
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Figure 5 Overall wall thermal analysis for masonry wall systems. 
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Wall Detail 

Clear wall 

Corner 
Wall/ceiling 

TABLE 2 Wall Details for Uninsulated and Insulated Two-Core Wall Systems 

Description of Wall Detail 

Thermal effecl of mortar 0.2 h·ft2 ·'F/Blu per in. (l.4 m·K/W) and grout 0.11 h·ft2 ·'F/Btu per 
In. (0.77 m·K/W) Inslalled with 16·in. (4().cm.) o.c" included. In case of insulated units: 1-7/ 
8·ln. (4. 76·cm.) Ihick EPS Inserts. 

References 

Slandard 12·ln. (30-cm.) corner unils NCMA 1975, p. 28. 

Two courses of blocks with cores filled with grout. 4·in. (lO·cm.) wood sill plate, 9·in. (22.5· Hoke 1988, p. 189, 
cm.) joists, R-30 Insulation. 

Wall/fioor Two courses of units with cores filled with grout, 6·in. (l5·cm.) joists, plus 8·ln. (20·cm.) two· NCMA 1975, p. 29 
core block with cores filled with grout in case of uninsu!ated wall. or in case of insulated 
wall, 6·in. (l5·cm.) solid block with 2-in. (5-cm.) thick EPS plate between block and jOist. 

Window, door header 2 two·core 6·ln. (l5-cm.) units, plus 2 steel lintels 3-1/2 x 5 x 1/4·ln. (8.9 x 12.5 x 6·cm.) Hoke 1988, p, 90 

Window, door side Standard two-core units 
Window sill One row of two-core blocks with cores filled with grout 

Wall Detail 

Clear wall 

Cornsr 

Wall/ceiling 

Wall/noor 

TABLE 3 Wall Details for Un Insulated and Insulated Cut-Web Wall Systems 

Description of Wall Detail 

Thermal effect of grout 0,11 h·ft2 ·'F/Btu per In. (0.77 m·KjW) Installed with 16·in. (4D-cm.) 
o.c" included. Insulated units with 2·1 /2·ln. (6.4·cm.) thick EPS Inserts, 

Standard 12·ln. (3D-cm.) two·core units with 2-1 /2·in. (6.4·cm.) thick EPS inserts. 

References 

IBC 1992, p. 4 

One row of U·blocks with cores filled with grout. 2·in. (5·cm.) thick EPS inserts, 4·in. (lO·cm.) Hoke 1988, p.189, 
wood sill plate, 9·ln. (22.5·cm.) joists, R·30 insulation. 

One row of U·blocks with cores filled with grout, 2·in. (5·cm.) thick EPS inserts, 6·in. (l5·cm.) NCMA 1975, p. 29 
joists, 6·in. (l5 cm.) solid block with 2·in, (5·cm.) thick EPS plate between block and ioist. 

Window, door header 2two·core 6·in. (l5-cm.) units with 2·in. (5·cm.) thick EPS inserts, plus 2 steel lintels 3·1/2 x 5 Hoke 1988, p. 390 
x 1/4-in. (8,9 x 12.5x6·cm.) 

Window, door side 

Windowsill 

standard two·core units with 2·ln. (5·cm.) thick EPS Inserts. 

One row of fwo-core blocks with cores filled with grout 

TABLE 4 Wall Details for Uninsulated and Insulated Multicare Wall Systems 

Wall Detail Description of Wall Detail References 

Clear wall 12-in. (3D-em.) multicore units with 3 rows of air cores. In case of insulated units, all cores 
filled with EPS inserts. 

Corner 

Wall/ceiling 

12-in, (3D-em.) corner units with one row of air cores. SIII991. p. 22 

SIII991. p. 13 One course of multicore units with two rowS of air cores filled with grout, 4-in. (lD-em.) 
wood sill plate, 9·ln. (22.5-cm.) joists, R·3Q Insulation. 

Wall/noor One course of mulficore unfts with two rows of air cores filled with grout, 3/8~jn. (l-cm.) 
concrete pillow, 6-in. (l5·cm.) joists, plus 8·in. (20·cm.) multicore block with cores filled 

SII1991. p. 14, 

S1I1989, p. 11 

SIII991. p. 12 

with EPS Inserts. 

Window, door header Multicore units 12-ln. (3D-cm.) with center webs routed to fit steel lintels, 2 steel lintels 
3·1/2 x 5 x 1/4·ln. (8.9 x 12.5 x 6·cm.) 

Window, door side 

Windowsill 

CONCLUSIONS 

Standard multicore units 

Standard multicore units 

A series of two- and three-dimensional computer 
simulations was performed to analyze the thermal per
formance of concrete masonry wall systems, Six shapes 
of CMUs were considered during finite-difference com
puter modeling, 111e analysis of the thermal perfor
mance was performed for a wide range of block concrete 
densities (from normal-density concretes to lightweight 
concretes), 11,e fallowing conclusions were developed, 
They may be useful in future thermal design of CMU 
wall systems, 

111e thermal efficiency (TE) of the insulation material 
in two-core, cut-web, and multicore units made of nor-
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mal-density concretes varies between 20% and 40%, 
111is shows that 60% to 80% of the insulation potential 
does not increase the wall R-value, Application of light
weight concretes in production of masonry units may 
help to increase the thermal efficiency of the insulation, 
The TE can reach 90% for blacks made of lightweight 
concrete. hlsulation located in Inulticore units is very in
effective, For normal-density concrete, TE is less than 
20%; for multicore lmits made of lightweight concrete, it 
is from 50% to 60%, It is significant that air cores in units 
made of normal-density concretes create a very inade
quate environment for instalJing any insulation mate
riaL 11,e best solution for these wall systems is probably 
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the use of a rigid foam insulation installed on the surface 
of the wall. TI,e only exception is the Scandinavian solid 
unit with the interlocking insulation insert (shape A 
lmit). For this lmit, thermal efficiency of the insulation 
varies from 70% for normal-density concretes to 90% for 
lightweight concretes. In general, insulation inserts in
stalled in units made of lightweight concretes are much 
luore effective. 

The R-values of most CMUs produced from normal
density concretes are very low. The thennal resistance of 
12 in. (30 cm) thick uninsulated two-core lmits made of 
normal-density concretes is less than 2 h·ft2.oF/Btu(0.35 
m2 . K/W). For the insulated two-core units and uninsu
lated multicore units, it is less than 4 h·ft2 .oF/Btu (0.7 
m2 ·K/W). For insulated multicore and cut-web units, 
the R-value is less than 7 h·ft2 .oF/Btu (1.23 m2 .K/W). 
When the rigid foam insulation cmUlot be installed (for 
example, when there is danger of termite damage), the 
use of lightweight concretes in CMU production is the 
most effective way to improve their thermal perfor
mance. R-values for insulated multicore lmits and solid 
lmits with interlocking insulation inserts (shapes A and 
B) may reach 20 h·ft2.oF/Btu (3.5 m2.K/W) if they are 
produced of lightweight concretes-40 Ib/ft'3 (640 kg/ 
m3). The lower thermal conductivity of these concretes 
reduces thermal bridges across the blocks and improves 
the total thermal performance of units. Unfortunately, 
this also reduces the load that can be carried by these 
waBs due to the lower cOlnpressive strength. Howevel~ 
some of these units can be used as left-in-place \vall 
forms (in the same way as blocks made of insulating 
foams) where wall structural integrity is provided by the 
reinforcement and structural concrete poured into cores. 

TIle mortar joint area usually covers 4% to 10% of the 
total area of the masonry wall. TI,is generates additional 
·wall heat losses. For two-core units, R-value reduction 
caused by 111oi"tar can reach 12%. Also, in rnany Inasonry 
walls, the R-value is compromised by the highly con
ductive grout in air cores. Construction of load-bearing 
walls made of hollow-core blocks often requires install
ing additional reinforcement and filling air cores with 
grout. For all CMUs, the grout effect decreases along 
with the increase of the block concrete thermal resistiv
ity. For hvo-core, cut-web, and uninsulated nutlticore 
lmits, the grout effect decreases the clear wall R-value by 
3% to 12%. In the case of insulated muIticore units, 
where grout fillings sinlply replace insulation inserts, 
R-value reduction may reach 30% for normal-density 
concretes mld 25% for lightweight concretes. 

Building wall systems are a combination of the clear 
wall area and wall details. They CalUlot be accurately 
characterized sinlply by studying the clear wall area. For 
the wall systems reported in this study, as much as 25% 
of the overall wall area was different in construction and 
thermal performance than the clear wall area. For wall 
units with insulating inserts, R-values of most of the 
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wall details were 20% to 50% lower than that of the clear 
wall. A fairly straightforward building elevation was 
used for this modeling (wall openings represent only 
13% of the floor area). In most residential buildings, the 
wall area distribution has a smaller percentage of the 
clear wall area because the contribution of the area of 
wall openings' details in the overall wall area is much 
higher. In maIlY residential buildings, fenestration repre
sents 20% to 30% of the floor area. If thermal perfor
mance of wall details is not incorporated in R-value 
calculations, significant errors may appear in determin
ing the energy efficiency of the building envelope. For 
well-insulated masonry wall systems such as insulated 
multicore units, errors can reach 25% of the clear wall 
R-value. In addition, current techniques de-emphasize 
creative energy-efficient design of the wall system 
details because envelope system designers cmUlot claim 
perfonnance benefits due to itmovative detailing. 
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