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ABSTRACT In some instances, high R-values are desirable for residential wall 
constructions, but the means of achieving a high R-value in exterior wall con
struction is often costly, One method of obtaining a high R-value with a brick 
veneer wall system for low-rise residential construction is discussed in this 
paper, and information is provided regarding its thermal performance, design 
considerations, and construction procedures. . 

INTRODUCTION 

In some instances, it is desirable to have the exterior building envelope con
structed with walls that have more thermal resistance than typical wall systems, 
usually because of specific climatic conditions or design requirements. For 
most applications, walls wi~h a moderate amount of insulation, thennal resis
tances of 13 to 20 hr.'F.ft /Btu (2.289 to 3.346 K.m2 /W) provide adequate thermal 
performance. 1 However, in climates where the exterior temperature stays well 
below the interior design temperature (or, for more acourate analysis, the 

,balance point temperature) for an extended period of time, heavily insulated walls 
may be desired. The high R-value is necessary in this type of situation because 
the thermal performance of the wall is very similar to steady-state heat flmv, 
and increased thermal resistance is the only practical means of reducing heat 
loss through the ~valls of the building while maintaining comfortable interior 
conditions. 

In addition to climatic conditions, the design of the building itself may require 
the use of wall construction that has a high thermal resistivity. In some pas
sive solar building designs, such walls may be necessary to retain the heat pro
vided by solar gains through glazed apertures. In other designs, trade-offs may 
be used to meet building code requirements. Using walls with a high thermal 
resistance may permit the use of other building components with low thermal 
resistance. For example, using a wall system with a high thermal resistance, 
R-30 (R-5. 283), may permit the use of double-glazed windows instead of triple
glazed windows, thus reSUlting in a more economical building. The thermal per
formance of the wall and its performance as a part of the entire building 
envelope should be a consideration of every buildin~ design. 

There are many ~'lays of obtaining high thermal resistance with masonry construction. 
The most common method is the use of a brick-and-block insulaterl cavity wall. Such 
a system may be constructed of nominal 4-in (100 mm) brick and nominal 4-in or 
8-in (100 mm or 200 mm) concrete masonry units with a nominal 2-in to 4-in 
(50 mm to 100 mm) cavity between the two wythes. This wall system permits the 
cavity to be filled ~vith moisture-resistant loose-fill insulation or 2 in to 
4 in (50 mm to 100 mm) of rigid board insulation, and R-values of well over 
24 hr. of. ft 2 /Btu (4.403 K.m2 /H) are easily and relatively economical to achieve. 
This type of wall usually has an interior finish that consists of furring and 
wallboard, which permits the use of additional insulation to result in an even 
higher R-V8 lue. 
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Although meeting the design requirements for any building wall, this wall system 
is limited mostly to commercial buildings for three reasons: 

1. The cost of the wall is much higher than the cost of wood-frame walls 
used in most low-rise residential buildings. 

2. The wall thickness, 115 in to 17.5 in (292 nm to 495 mm) is much 
larger than normal residential construction, which is 5 in to 10 in 
(127 mm to 254 mm). The increased wall thickness may require a thicker 
foundation, which is an additional cost, and may, in some instances, 
because of subdividing lots, require a reduction in the usable floor 
area of the building. 

3. The weight of the wall is ereater, usually more than twice the weight 
of a brick veneer wall, which may also increase the cost of the foun
dation construction. 

These are the drawbacks of using cavity walls in low-rise residential applica
tions, when the intent is to achieve a high level of thermal resistance. The 
cavity wall is the best type of masonry wall construction. It provides load
bearing capacity and interior and exterior thermal mass, permits the cost
effective use of moderate levels of thermal resistance insulation, such as R-13 
to R-19 (R-2.289 to R-3.346), and provides moisture resistance by performing as 
a drainage-type wall. It also provides fire resistance, sound penetration 
resistance, and a durable facade that is virtually maintenance-free. But, as 
previously mentioned, when constructed with a large amount of thermal resistance 
insulation, such as R-30 (R-S.283), it may not economically compete with other 
available wall systems. The brick veneer wall system is another drainage-type 
wall, which may be more economically constructed to achieve high values of 
thermal resistance. 

BRICK VENEER WALL SYSTEMS 

Brick veneer \vall systems are selected as components of buildings because they 
provide beauty, freedom from maintenance, fire resistance, weather resistance, 
and good thermal performance, among other attributes, and are a common type of 
construction in low-rise residential buildings. The brick veneer \vall systems 
discussed here are limited to brick veneer over wood-frame construction for low
rise residential buildings. 

Five \vays in which they are constructed to achieve different levels of thermal 
performance are discussed with regard to all the properties that should be con
sidered when selecting a building wall. The major difference between the various 
wall systems described in Figs. 1 through S is the amount and type of thermal 
resistance insulation installed. 

Structural Capabilities 

Factors affecting the strength of brick veneer are the height of the brick 
veneer, the stiffness of the backup, the tie system, and the foundation. Brick 
veneer over wood-frame construction for low-rise residential application is 
designed using empirical requirements. The height limitations are provided in 
Tab. 1. 

In addition to its own weight, the only load that the brick veneer should carry 
is a proportionate share of the lateral load. Due to the relatively low stiff
ness achieved in most wood-frame backup systems, the brick veneer usually carries 
the majority of any lateral load, even though it is not designed to carry lateral 
loads. Thus, the tie system between the brick veneer and the backup should be 
as rigid as possible to permit the maximum possible transfer of lateral load to 
the backup and still provide for differential movements between the veneer and 
the backup. 

The ties most frequently used are corrosion-resistant, corrugated metal, at 
least 22 gage, 7/8 in (22 mrn) wide and 6 in (150 rom) long. These ties normally 
provide adequate lateral support for wall systems such as those sholV11 in Figs. 
1 and 2 when anchored through the exteriOl" sheathing to the wood frame. For the 
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\vall systems shown in Figs. 3 and 4, the rigid board insulating sheathing may not 
provide sufficient stiffness to prevent movement of the tie. Positive loads may 
cause the tie to compress the sheathing, thus requiring the brick veneer to \vith
stand all lateral loads by itself. The ties should thus be anchored directly to 
the wood frame or through only about 1 in (25 rrm) of the rigid board insulating 
sheathing to provide an adequate connection. This method· of attachment requires 
that rigid board insulating sheathing must be installed between the metal ties 
attached to the frame wall assembly, which is more expensive than attaching the 
ties to the surface of the sheathing already in place. In addition to the in
creased installation cost, the distance of the unsupported span of the tie is 
increased, thus reducing the capability of transferring lateral loads. Alternate 
two-pie.ce corrosion-resistant metal wire ties may be used to overcome this reduc
tion in stiffness, but these ties are more expensive and most costly to install. 
The wall systems shown in Figs. 3 and 4 provide less structural capability than 
the wall systems shown in Figs. 1 and 2, when the same type of tie is used. 

The innovative wall system shown in Fig. 5 provides adequate transfer of lateral 
loads by requiring a special tie system. The ties used are corrosion-resistant, 
9-gage metal wire Z-ties, which are 9 in (225 rom) long, with minimum 2 in (50 mm) 
long horizontal legs. The ties are attached to the wood studs by being inserted 
into pre-drilled holes at 24 in (600 mm) on center vertically, so that-the tie 
extends approximately 1.5 in (38 mm) beyond the exterior face of the wood stud. 
The ties are rotated vertically into the final position as the brick masonry 
veneer is constructed and are embedded a minimum of 2 in (50 rom) into the bed 
joints of the brick veneer. The ties are of sufficient stiffness so that they 
may be driven into the wood studs, thus eliminating the step of providing pre
drilled holes. 

The structural capability of the brick veneer is also affected by the element 
supporting the vertical load of the veneer itself. The foundation or· the founda
tion wall supporting the brick veneer wall assembly should be at least as thick 
as the total thickness of the brick veneer. Many building codes permit a nominal 
8 in (200 mm) foundation wall under single-family dwellings constructed using 
brick veneer, provided the top of the foundation is corbeled to provide adequate 
bearing. The total projection of the corbel in this application should not exceed 
2 in (50 mm) with individual corbels not exceeding one-half the height of the 
corbeled unit nor one-third its width. 

\.Jall 01, the conventional brick veneer wall, is 9.75 in (248 mm) wide and thus 
requires a 10-in (250 mm) foundation wall, or a 8-in (200 mm) foundation wall 
with a 2-in (50 ·rom) corbel. Wall H2, the alternate brick veneer wall system, is 
11.75 in (298 mm) thick and requires a greater foundation wall thickness. The 
foundation wall for Hall H2 must be 12 in (300 rrnn) thick or 10 in (250 mm) thick 
with a 2-in (50 mm) corbel. \.Ja1l 03, Type I of the high R-value, conventionally 
constructed brick veneer wall systems, is 10.75 in (273 mm) wide, thus requiring 
a 12-in (300 mm) foundation wall or a corbeled 10-in (250 mm) foundation wall. 
Type II of the conventional high R-value brick veneer wall system, ~val1 114, 
requires a corbeled l2-in (300 mm) foundation wall to support its l2.75-in (324 
urn) thickness. 

The cost of the increased thickness of the foundation wall may eliminate the 
selection of Walls #2 through 114 as economical alternatives to reduce heat loss 
through the wall. This is especially true for Wall 114, which requires at least 
a 12 in (300 mm) thick foundation wall. 

\vall US, the innovative high R-value \<1all, has a total wall thickness of 13.25 
in (337 nun) and requires at least a 12 in (300 nun) thick corbeled foundation ·...,all. 
However, other material cost savings as compared to Wall 04 do result in this 
wall system being more economical. The cost of supporting the brick veneer \vall 
system is directly proportional to the increased wall thickness as a result of 
adding resistive insulation. The cost of supporting the wall assemblies may be 
a negligible cost factor where slab-on-grade construction is used. 

An additional deviation from these five wall systems and tl"a.ditiona1 brick veneer 
construction is the structural capabi lity of the wood- frame backup system. EVen 
the wall systems, such as \.Jalls 01, 03, and 04, which have rigid board insulating 
she~lthi.ng,· do not have sufficient strength to resist racking without special 
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prov~sions. Thus, all the "'1all systems. with the possible exception of Wall /12, 
requ~re some type of diagonal corner bracing to prevent racking. If Hall !J2 is 
constructed with sufficiently rigid sheathing materials, such as ~-in (13 mm) 
plywood, the sheathing may provide adequate resistance to racking. 

Acoustical Properties 

Brick veneer wall assemblies reduce sound transmission by two means: The mass of 
the brick veneer absorbs the energy of sound vibrations, and the discontinuity of 
construction prevents vibrations of the exterior brick wythe from directly vibra
ting the rest of the wall assembly. thereby retarding sound transmission to the 
interior. Although no specific data are available on the sound tnmsmission chnr
acteristics of the five wall systems discussed here'2each is (!stim<lled to have a 
sound transmission classification (STC) of 40 to 47. 

Fire Resistance 

All of the brick veneer wall systems discussed have at least a one hour fire 
rating. The wall systems as shown have not actually been tested, but a 4-in 
(100 mm) brick '>vall alone has a fire rating of one hour. 3 A two hour fire rating 
may be expected ,\..,ith most brick veneer wall assemblies. 

Durability and Maintenance 

In addition to their beauty and prestige, brick veneer "..,all assemblies are selec
ted for buildings because they provide a durable, virtually maintenance-free 
facade, attributes that are dependent upon proper design, proper detailing. selec
tion of appropriate materials, and good ,\V'Orkmanship. 4 These factors are similar 
for all five brick veneer wall assemblies discussed here. except that \o1all 85 
permits additional quality control during and after construction of the brick 
veneer. The innovative. high R-value brick veneer wall system does not have a 
sheathing material between the brick veneer and the wood-frame backup, which per
mits inspection of the brick veneer construction, not only from the exterior, but 
from the interior as well. This lack of sheathing and the installation of the 
building felt and insulation after the brick veneer is constructed provide this 
added feature. 

Hoisture Penetration Resistance 

Brick veneer wall assemblies are drainage-type walls and thus have excellent 
resistance to moisture penetration. Any water that may penetrate the brick 
veneer flows down the interior face of the veneer to the base of the wall, where 
it is collected on flashing and channeled to the exterior through weepholes. Al
though moisture penetration is not nearly as critical in low-rise residential 
applications as in other applications, because the walls are usually protected by 
overhangs, moisture penetration should always be a consideration in selecting a 
building wall. Walls HI through 64 are constructed so that there is a nominal 
I-in (25 mm) airspace between the interior face of the brick veneer and the 
exterior face of the sheathing over the wood frame. Haintaining this airspace 
ensures proper drainage of the wall and prevents saturation of the insulation, 
which could reduce the R-value of the insulation or have other deleterious effects 
on it. The exterior sheathing often is covered with building felt as an added 
precaution, which is a necessity if the exterior sheathing material is not water
resistant. 

Hall US, the innovative, high R-value wall system, is not constructed to ensure 
the existence of the nominal I-in (25 mm) airspace, and alternate provisions are 
necessary to ensure proper drainage. In Wall US, the use of I5-lb (0.93 Kg/m3 ) 
asphalt-impregnated building felt is used to prevent moisture that may penetrate 
the brick veneer from entering the insulation. The building felt is installed 
between the metal ties, which occur at 24 in (600 mm) on center vertically. after 
the brick veneer is constructed. The felt should be pre-cut and slotted so that 
it overlaps the metal ties, vlhich are at 16 in (400 mm) on center horizontally, 
and the previously placed .piece of felt. The felt may be attached to the exterior 
brick masonry with mastic until the 6-in (150 mm) batt insulation is installed 
betvleen the brick veneer and the wood studs. The placing of the insulation will 
hold the building felt in place. To ensure good resistance to water penetration, 
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the joints of the lapped building felt should be sealed with a durable sealer or 
tape. The best way to ensure resistance to moisture penetration in any brick 
masonry wall is not to permit water to enter the wall. For brick veneer wall sys
tems, this is achieved by proper detailing and construction and by sealing the tops 
of walls, jambs, and sills. The best moisture penetration resistance of the 
masonry itself is obtained when Type N, portland cement-lime mortars are used. 

Thermal Performance 

The major difference between the five brick veneer ~"alls shown in Figs. 1 through 
5 is in their thermal resistivity. Thermal performance is a major consideration 
in selecting a brick wall, but it should never be the sole criteria. Nor should 
thermal performance of a wall be evaluated without proper consideration of the 
thermal performance of the rest of the building envelope. In most buildings, the 
wall accounts for only 2% to 15% of the fuel consumption as a result of heating or 
cooling the building to maintain comfortable interior temperatures. Thus, any 
variations from conventional building wall systems should only be considered with 
proper attention to the economics of incorporating that \"all into the building 
envelope. 

The thermal resistance of the five wall sections varies from minimum building code 
requirements of 19 hr.oF.ft 2 /Btu (3.346 K.m2 /H) to 34 hr.oF.ft 2 /Btu (6.021 K.mZ/H). 
The weights of the walls are all approximately the same, ranging from about 
52 lb/ft2 (254 Kg/m2 ) to 56 lb/ft2 (273 Kg/m2). Thus, all the wall systems are 
in \o1all Group A or B when considering the Cooling Load Temperature Differences 
(CLTD)5. The thermal resistance and averal!e CLTD of the \.;rall systems are shown 
in Tab. 2. along tY'ith the other criteria for selecting a building wall. 

The thermal resistances and thermal conductances of the various brick veneer wall 
assemblies do not consider the effect of the wood frame. Fig. 6 shows the thermal 
resistances of the wall assemblies when framing is considered. Walls HI, 83, and 
05 have 2 in by 4 in (50 rom by 100 mm) wood frame with studs at 16 in (400 mm) on 
center. Halls 82 and 04 have 2 in by 6 in (50 mm by 150 rom) wood frame with the 
stud spacing increased to 24 in (600 mm) on center. The values shown in Fig. 6 
are only for the framing of the wall assembly itself,without consideration of 
window and door framing, and toe and top plates. Consideration of the additional 
framing even further reduces the thennal resistances of the wall sections. 

The increases in thermal conductance in Btu/hr.oF.ft 2 (W/K.m2) of the wall assem
blies, without consideration of the additional framing are: 

\;all Ql, 0.050 (0.2848) to 0.053 (0.3000) 0.003 (0.0152) or 5.3% 
Hall 02, 0.043 (0.2468) to 0.046 (0.2640) 0.003 (0.0172) or 7.0% 
Hall 03, 0.038 (0.2168) to 0.039 (0.2246) 0.001 (0.0078) or 3.6% 
Hall 84, 0.029 (0.1661) to 0.030 (0.1718) 0.001 (0.0057) or 3.4% 

Hall US, 0.031 (0.1788) to 0.032 (0.1838) 0.001 (0.0050) or 2.8% 

This demonstrates that the insulation on the exterior of the wood frame reduces 
the effect of the nonmetallic thermal bridges J 1. e., the wood studs. 

Each wall system also contains metal ties, which are metallic thermal bridges. in 
the wall assembly. The effect of the metal ties may be estimated by using the 
Zone Hethod. 6 In Walls 1/1 through 64, the metal tie simply extends from the brick 
veneer across an airspace to the exterior surface of the sheathing material. The 
metal tie spanning the airspace has a negligible effect on the overall thermal 
conductance of the wall system, usually less than an 0.5% reduction in the thermal 
cJnductance.7 In Wall #5, the innovative brick veneer wall system, the metal ties 
penetrate the batt insulation and thus, have a more substantial effect on the 
thermal conductivity of the brick veneer ~Y'all system. Fig. 7 shows the zone of 
the wall affected by the metal ties. This zone has two paths within it: the path 
through the wood frame and the path through the insulation, both of which also 
exist for the portion of the wall not affected by the metal ties. The analysis of 
the effect of the metal ties is shown in Fig. 8. The calculations show that the 
effects of the metal tie and the wood studs increase the thermal conductance from 
0.031 Btu/hr.oF.ft2 (0.1788 H/K.m2) without consideration of the studs and ties to 
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0.034 Btu/hr.'F.ft 2 (0.1936 \v!K.m2 ),a difference of 0.003 Btu/hr.'F.ft 2 (0.148 
H/K.m2 ) I or about a 9.5% increase in thermal conductivity. This ""all system does 
provide a much lower thermal conductivity than Halls 1/1 and H2. The innovative 
wall provides a thermal conductivity similar to that obtained with \Valls 93 and 
04, but the criteria presented in Tab. 2 demonstrate that Hall 115 is the more 
practical selection when a high R-value is required. 

The innovative brick veneer wall system permits the use of additional thermal 
resistance insulation if 2 in by 4 in (50 mm by 150 mm) wood framing at 24 in (600 
rom) on center is used with R-19 (R-3.46) batt insulation. The thermal resistance of 
the wall assembly ,.,ithout considering the metal ties

2
0r wood studs i~ increased from 

31. 76 hr. of. ft 2 /Btu (5.593 K.m2 /lV) to 39.76 hr. 'F.ft /Btu (7.002 K.m /H). Projecting 
an increase" in thermal conductivity similar to that present in the previously ana
lyzed wall system (9.5% for metal tie$ and wood studs) the thermal conductivity of the 
wall system with 2 in by 6 in (50 mm by 150 mm) insulated wood frame would be 

0.028 Btu/hr. 'F.ft 2 (0.154 W/K.m2 /lV). However, this wall system would probably 
not be practical because of the further increase in foundation wall thickness and 
head, jamb, and sill extensions. 

COST 

Cost of a brick veneer wall system varies with the type of backup. the tie system. 
the brick, local construction costs. the type of foundation or foundation wall, 
and many other factors, so it is difficult to discuss specific costs of building 
walls. The costs of the various types of veneer, as compared to the conventional 
brick veneer wall system are: 

Wall U1: Conventional Brick Veneer Hall System R-19. 94 (R-3.5l2) 

Cost of brick veneer 
Cost of 10-in (250 mm) foundation wall 
Cost of rigid board insulating sheathing 
Cost of conventional metal ties 
Cost of flashing and weepholes 
Cost of 2 in by 4 in (50 mm by 100 rom) wood frame construction 
Cost of standard heads, jambs, and sills for windows <lnd doors 
Cost of R-ll (R-l.937) batt insulation 
Cost of interior gypsum wallboard and finish 
Cost of corner bracing. 

\Vall 92: Alternate Brick Veneer \Vall System R-23.0l (R-4.042) 

Cost of Conventional Brick Veneer \~all System (Wall HI) 

Plus: The cost of 2 in by 6 in (50 rum by 150 mm) wood frame construc
tion (minor cost) 

Plus: The cost of R-19 (R-3.346) batt insulation vs. R-ll (R-l.937) 
batt insulation (minor cost) 

Plus: The cost of 12-in (300 mm) foundation wall vs 10-in (250 mm) 
foundation \'1all (maj or cost) 

Plus: The cost of 2 in (SO mm) extension of heads, jambs, and sills 
for windows and doors (major cost) 

Minus: The savings of wood frame at 24 in (600 mm) o.c. vs. 16 in 
(400 mm) o.c. (minor cost) 

Minus: The savings of fiberboard sheathing vs. rigid board insulating 
sheathing (minor cost). 

Hall U3: High R-Value Brick Veneer Hall System, Type I R-26. 21 (R-4. 612) 

Cost of Conventional Brick Veneer \Vall System (Wall HI) 

Plus: 

Plus: 
Plus: 

The cost of an additional 1 in (25 mm) of rigid board insulation 
(major cost) 

The cost of longer metal ties (minor cost) 
The cost of installing the rigid board insulation between metal 
ties rather than directly to wood frame backup (major cost) 
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Plus: The cost of a 12-in (300 mm) foundation wall vs a 10-in (250 mm) 
foundation wall (major cost) 

Plus: The cost of the 2-in extension of heads, jambs, and sills for 
windows and doors (major cost) 

Hall 04: High R-Value Brick Veneer Hall System, Type II R-34.l9 (R-6.021) 

Cost of Conventional Brick Veneer Hall System (Hall bl) 

Plus: 

Plus: 
Plus: 

Plus: 

Plus: 

Plus: 

Plus: 

Minus: 

The cost of additional 1 in (25 rom) rigid board insulation 
(major cost) 

The cost of longer metal ties (minor cost) 
The cost of installing rigid board insulation bettveen metal ties 

rather than directly to wood frame backup (major cost) 
The cost of installing 16 in (400 mm) wide rigid board insulation 
rather than 24 in (600 rom) wide insulation (minor cost) 

The cost of a l4-in (350 mm) foundation wall vs a 10-in (250 mm) 
foundation wall (major cost) 

The cost of the 4 in (100 rom) extension of heads, jambs, and 
sills for windows and doors (major cost) 

The cost of 2 in by 6 in (SO mm by 150 mm) wood frame construction 
(minor cost) 

The savings of wood frame at 2q in (600 mm) on center vs. 16 in 
(400 rom) on center. 

Hall #5: Innovative Brick Veneer Hall System R-3l. 76 (R-5. 953) 

Cost of the Conventional Brick Veneer Wall System (Wall 91) 

Plus: 
Plus: 

Plus: 
Plus: 

Plus: 

Minus: 

The material and installation of special ties (minor cost) 
The cost of installing overlapping building felt that is slotted 

to fit metal ties (moderate cost) 
The cost of R-19 (R-3.346) batt insulation 
The cost of 4 in (100 mm) extensions of heads, jambs, and sills 

for windows and doors (major cost) 
The cost of a l2-in (300 mm) foundation wall vs. a 10-in (250 mm) 

foundation wall (major cost) 
The savings of sheathing, which is not used in this system (minor 
cost) . 

The cost of the thicker foundation and the extended heads, jambs, and sills re
quires for t~all H2, the alternate brick veneer tvall system, rarely would be jus
tified for the energy savings from an increase in thermal resistance of 3.07 
hr.oF.ft 2 /Btu (0.5q1 K.m2/W) as compared to Wall 01, the conventional brick veneer 
wall system. Wall 03, Type I of the high R-value brick veneer wall systems, has 
a 6.25 hr.oF.ft 2 /Btu (1.101 K.m2 /W) increase in thermal resistance as compared to 
\Vall 11. This wall system may be economical in some instances, but life-cycle 
costing would demonstrate that this tvall will rarely provide energy savings that 
will recover the costs of the thicker foundation and extended heads, jambs, and 
sills, plus the material and installation costs of the rigid board insulating 
sheathing .. Wall 114, Type II of the high R-value brick veneer \vall systems, al
though the most energy-conserving, R-34 (R-6.021) is probably never justifiable 
economically. The cost of the 14-in (350 mm) foundation and q-in (100 mm) head, 
jamb, and sill extensions, combined with the material and installation costs of 
the rigid board insulation, essentially eliminates the selection of this wall as 
a practical tvall for low-rise residential construction. 

Walls H2 through 04 do not readily offer enough energy savings to offset the in
creased costs of the walls J as compared to Wall #1. In areas where slab-on
grade construction is common or as the price of heating fuels rises, these wall 
systems may become more viable selections. The innovative brick veneer wall sys
tem, Wall 85, provides the greatest increase in thermal resistance, 11.82 hr. of. 
ft 2 /Btu (2.082 K.mZ/tv) for the least proportional amount of construction costs. 
The major costs for this wall are a special tie system, special provisions for 
resistance to moisture penetration, a l2-in (300 nw) thick foundation wall, and 
q-in (100 rom) extensions to heads, jambs, and sills. This wall system is more 
expensive than the conventional brick veneer tvall system, but if a high R-value 
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is required, this wall system will offer it more economically than any other brick 
veneer Viall system. In fact, this wall system probably provides an R-30 (R-5.283) 
wall more economically than can be achieved Vlith a double-envelope or any other 
Hall system. 

DEMONSTRATION PROJECT 

The use of the innovative high R-value wall system has been demonstrated in a 
single-family residence at Deep Creek Lake, near Garrett City, HD, by James G. 
Gross, P.E. The finished project and the project under construction are shown 
in Figs. 9 through 12. Garrett City averages 5975 (3319) heating degree-days 
and 300 (167) cooling degree-days per year. 

Architectural Design 

A brick facade was chosen to give an appearance that would be aesthetically appeal
ing to the surrounding area. An off-white, hand-molded, oversized, 4% by 2-3/4 
by 9 in (114 mm by 70 rom by 229 mm) face brick unit was selected. The exterior 
brick wall was constructed in a running bond pattern with Type S portland cement
masonry cement mortar. In this manner, a rustic appearance permitted this single
family house to blend into the forested surroundings of Deep Creek Lake. 

Structural Design 

The super-insulated brick veneer walls were designed using empirical requirements, 
although special consideration was given to the tie-spacing requirements for the 
greater thickness of the wall assembly. The final choice was an exterior facade 
consisting of 5-in (125 rom) nominal brick, with l5-lb (0.92 Kg/m2 ) asphalt-impreg
nated buildine felt attached directly against the interior face of the brick wall. 
A nominal, 6-in (150 mm) space was provided betHeen the brick wall and the 2 in, 
by 4 in (50 mm by 100 nun) loadbearing wood-stud framing. This space 'vas filled 
with R-19 (R-3.346) batt insulation. R-ll (R.l.937) batt insulation was posi
tioned against the insulation previously installed and located between the 'vood 
stud framing. A moisture barrier, or roofing felt, was installed on the interior 
face of the wood framing only in the bathroom areas with a pine board interior 
finish. 

With a 13-3/4 in (349 mm) wide wall assembly, the foundation became an important 
consideration. It was designed according to the wall loads that would bear on the 
foundation wall. To satisfy the loading requirements, the foundation wall con
sisted of 8-in (200 nun) exterior concrete block, 2 in (50 nun) of styrofoam insu
lation, and 4-in (100 mm) interior concrete block. This provided a l4-in (356 rom) 
\vide foundation ,,,a11 to support a 13-3/4 -in (349 mm) thick wall assembly. 

One of the primary considerations of the design was the anchorage of the brick 
veneer to the wood stud framing. The 2-in by 4-in (50 mm by 100 mm) wood studs 
'<Jere located 16 in (400 nun) on center, horizontally. Corrosion-resistant metal 
wire ties, 3/16 in (4.8 nun) in diameter, and 10 in (254 nun) long, were used and 
spaced 16 in (400 rom) on center horiziontally and 29 in (737 mm) on center verti
cally. Metal '<Jire Z~ties we:t:e selected because they provide a stronger stiffness 
for lateral support of the wall assembly than would corrugated metal ties. They 
also would be more capable of resisting tension and compressive stresses resulting 
from forces acting on the greater thickness of the wall and would also permit 
slight differential movement of the building envelope. 

Sloping brick sills were designed into the \Vall system, specified to be set in 
mortar, so added support had to be provided because of the increased ",all thick
ness. For this specific house, 4-in by 4-in (100 mm by 100 nun) brick pilasters 
'<Jere selected to give this needed support under all \Vindow openings. They were 
the same height as the brick wythe at the sill interruption and positioned under 
each window jamb. 

Moisture Resistance Design 

Hrth the R-19 (R-3.346) batt insulation to be positioned directly against the 
interior face of the brick wythe, moisture had to be prevented from reaching the 
insulation, which could decrease the overall thermal performancej the possibility 
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also existed for wood decay if moisture soaked through the insulation. The most 
practical solution to this potential problem was to install a moisture barrier to 
the interior face of the brick wythe, which was accomplished in the design by 
pecifying IS-lb (0.92 Kg/m2 ) asphalt-impregnated building felt. The purpose of 
the building felt was to cause any moisture that penetrated the brick wythe to 
flow downward between the moisture barrier and the brick wall and to be collected 
on the flashing and channeled to the exterior through wHepholes. This provision 
prevents the chance of moisture harming the interior wall assembly. 

Quality Control 

The brick used for the project is a face brick, conforming to ASTH C 216, Grade 
SW, and Type S mortar was used to construct the walls. The mortar mix consisted 
of one part portland cement, one part masonry cement, and six parts sand, and all 
mortar was batched on site. By using let-in corner bracing at the first two 
levels, inspection was provided to ensure that the house was being constructed 
using excellent workmanship, which was critical to the successful performance of 
the wall assembly. 

Construction 

This unique wall system required construction techniques not usually associated 
with brick veneer construction. The entire wood framing, plus the wood-truss 
roof, was erected firstj then thehrick wythe was constructed to its specified 
height. Next, the moisture barrier was installed to the entire height of the 
interior brick face, and after this was completed, the R-19 (R-3.346) batt insu
lation was installed in the space between the brick veneer and the wood frame. 
Finally, the insulation was installed between the wood studs, and the interior 
finish was applied. Following this sequence, different contractors did not have 
to be called out at various times throughout the project, which would have added 
to construction costs. 

One of the most important steps in construction was applying the moisture barrier 
to the interior face of the brick wythe. This deviated from conventional construc
tion techniques in which the moisture barrier is usually fastened to the exterior 
side of the sheathing prior to the construction of the brick veneer wall. The 
installation procedure for the moisture barrier was: (1) the brick walls were 
constructed to their full height; (2) the moisture barrier of 32 in (813 rom) 
wide sections was notched at 16 in (400 rom) on center horizontally to fit over 
the metal wire ties; (3) the barrier was placed horizontally so that the bottom 
of the moisture barrier was parallel to the metal wire ties; (4) placement 
started at the top of the wall assembly and continued down the face of the brick 
wythe in an overlapping, shingled fashion in which the higher notched length over
lapped the metal wire ties and the sections of building felt previously applied; 
and (5) the sections were tacked together with roofing cement. 

The R-19 (R-3.346) batt insulation was placed directly against the moisture 
barrier and was pJaced horizontally between the metal wire ties, which helped 
prevent it from moving. The R-ll (R-l.937) insulation " ... as then placed bet"ween 
the wood stud spacing in the conventional manner, to result in approximately 9~ 
in (240 rom) of batt insulation in the wall assembly. Paper-backed insulation was 
specified to reduce the possibility of condensation occurring within the " ... all 
assembly. Roofing felt waS fastened to the-interior face of the wood stud fram
ing only in the bathroom areas to prevent condensation wi thin the wall. Interior 
pine board finish was installed to complete the construction of the entire wall 
assembly. 

Economics 

During the winter of 1981-1982, the residents occupied the house only on weekends. 
Hith mechanical heating by electric baseboards and individual thermostats located 
on each level, the estimating heating cost was $100 for the entire " ... inter. This 
was for outdoor winter temperatures as low as -20°F (226 K). The lower level 
thermostat was set at 42°F (279 K) and comfortable interior temperatures were 
maintained on the other levels. These low energy costs could be attributed to 
several factors: 
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1. The south-facing glazing, which pennits sun from the warmest part 
of the day to heat the inside. To form a direct-gain passive solar 
feature, the fireplace was positioned near the glazing, 
and the benefit of sunshine being absorbed by the mass of the fireplace 
provided radiant heat even after sunset, 

2. Using the fireplace for supplemental heating also produced savings in 
the heating requirement of mechanical systems, 

3. The heavily insulated wall envelope helped to reduce the heat flow 
through the t.,all assembly. 

It should be noted that the 6 in (150 mm) of R-19 (R-3.346) batt insulation cost 
only $0.02 per square foot ($0.22 per square meter) of wall area more than is 
associated with conventional brick veneer construction. This was estimated based 
on sheathing not being used in construction of the wall system, the cost of longer 
metal ties for the anchorage requirements of the wall system, and the cost of the 
insulation and its installation in the increased thickness of the wall. This cost 
does not include the cost of the increased foundation tvall thickness. 

SUMMARY 

The innovative, high R-value brick veneer wall system may be used to economically 
obtain high thermal resistance in a building wall. The wall itself cost an esti
mated $0.02 per square foot ($0.22 per square meter) more than a conventional 
brick veneer wall system. The >;.,a11 is an economical selection when this addi
tional cost, plus the costs of the increased foundation wall thickness and the 
extensions of the heads, jambs, and sills for windows and doors are less per 
square foot (per square meter) of the brick veneer wall system than the savings 
due to reduced energy consumption over the lifetime of the building. 

The information provided here is by no means conclusive. It does, however, pro
vide a good insight for the designer to select an economical building wall and 
particularly an economical high R-value brick veneer wall system. The available 
information regarding the high R-value brick veneer wall system is limited and 
further research is required. Four areas which should be addressed are: 

1. Accurate cost/savings data need to be developed for this wall type 
for low-rise residential buildings. 

2. Hoisture penetration through the wall may cause considerable 
deleterious effects. Alternate methods, >;'lhich more positively 
prevent moisture penetration, may be necessary. 

3. Hoisture due to condensation may have similar effects. Potential 
condensation problems need to be considered and, as necessary, appro
priate alterations in the design and construction of the wall system 
need to be developed. 

4. Data suggest that this wall system is practical for low-rise 
residential buildings. Research is needed to determine if this 
type of system may be useful for other types of buildings and for 
different types of backup systems. 

The last of these considerations needs only to be considered if the first three 
are favorably resolved; however, it could provide the means by which heat loss 
and heat gain through other opaque wall systems may be greatly reduced. The 
calculations contained here demonstrate that this insulating system greatly 
reduces the effect of thermal bridges within a \01811 assembly. For example, with 
brick veneer/metal stud wall systems, the metallic thermal bridges may increase 
the thermal conductance of the wall system by over 80%, as demonstrated by the 
Zone Nethod Calculations. 6,7 Any significant reduction in the effects of ther
mal bridges could greatly improve the thermal performance of lhe brick veneer/ 
metal stud wall system and any other similar building envelope component. 

The high R-value brick veneer wall system \<1i11 hopefully be a wall system con
sidered by designers when a \va11 with a high value of thermal resistance is 
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desired. More importantly, however, it is hoped that this information will result 
in continued efforts by members of the building community to improve the system 
and apply these concepts to result in more economical, energy-conserving bUilding 
envelope components and systems. 

NONENCLATURE 

A Area in ft 2 (m2 ) 

R Thermal resistance. in hr. of. ft 2 /Btu (K.m2 /IV) 

U Design coefficient of thermal transmission in Btu/hr.oF.ft 2 (W/K.m 2) 
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TABLE I 

Empirical Height Limitations for Brick Veneer 

Nominal Thickness of the 
Brick Veneer, in (rum) 

3 (75) 

4 (l 00) 

Stories 

2 

3 

TABLE 2 

Effil1irical Height Limitations 
Heig t at Plate Height at Gable 

ft (m) ft (m) 

20 (6.10) 
30 (9.111) 

28 (8.53) 

38 (11.58) 

Properties of Brick Veneer Wall Systems 

Properties 
Wall 01 

General Properties 2 
Wall yeight, lb/ft 52 
(K9/m ) (254) 

Wall Thickness, in. 
(mm) 

Use of Exterior 

9.75 
(248) 

Ttle of Brick Veneer Walla 
Wa HZ Wall h3 Wall 04 

56 
(273) 

11. 75 
(298) 

54 
(254) 

10.75 
(273) 

56 
(273) 

12.75 
(324 ) 

Hall 85 

52 
(254 ) 

13.25 
(337) 

No ~t~h~i~n~g ____________ ~Y~e~s ________ ~Y~e~s~ ______ Y~e~s~ ______ ~Y~e~s ________ ~~ ____ _ 

Use of Building Felt Optional Optional 
Type of Insulation Rigid Board Batt 

and Batt 
Difficulty of 
Construction 

Sill. Jamb, and Head 

Low 

Extensions in. None 
(mm) 

\"'ood Frame Backup, in. 2 x 4 
(mm) (50 x 100) 

Spacing of Wood Studs 
in. 16 
(mm) (400) 

Structural Properties 

Type of Metal Tie Corrugated 

Min. Tie Length, in. 6 
(mm) (150) 

Low 

2 
(50) 

2 x 6 
(50 x 150) 

24 
(600) 

Corrugated 

6 
(150) 

Optional Optional YeS 

Rigid Board Rigid Board Batt 
and Batt and Batt 

High High lIigh 

2 4 4 
(50) (100) (l00) 

2 x 4 2 x G 2 x I, 

(50 x 100) (50 x 150) (50 x 100) 

16 24 16 
(400) (600) (400) 

Corrugated Corrugated Wire 

7 7 9 
(175 ) (l75 ) (225 ) 

Adequate Low Low Adeguate Tie Stiffness Adegua~t~e~ ___ ~~~~ __ ~~ ________ ~~ ______ ~~~~~ 

Bracing of Backup Diagonal Diagonal Diagonal Diap,ona1 Diagonal 
or Sheathing 

Minimum Foundation 
10 10 12 12 
(250) (250) (300 ) (300) 

\1all Thickness J in. 8 
(mm) (200) 

Height Limitations Table 1 Table 1 Table 1 Table 1 Table 1 
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Properties 

Thermal Properties 

Thermal Resistance 
hr. of. ft 2 /Btu 

(K.m2 .W) 

Thermal Condu2tance 
Btu/hr. of. ft 

(W/K.m2) 

%Increase in Rover 
Wal1 Bl 

Wal1 Group 

Avg. CLTD at hr 16, 
400N Latitude, July 
21 N,E,S,W of 

('C) 

Fire Resistance 

Estimated Fire Rating 

Wall #1 

19.94 
(3.512) 

0.050 
(0.285) 

B 

16.25 
9.25 

(hr) 1-2 

Sound Penetration Resistance 

Estimated STC 

Maintenance 

Durability 

Moisture Penetration 
Resistance 

40-47 

Low 

Excellent 

Drainage 
Type Wal1 
Excellent 

TIte of Brick Veneer Walla 
Wa D2 Wall b3 Wall 04 

23.01 
(4.052) 

0.043 
(0.247) 

15.4 

B 

16.25 
9.25 

1-2 

40-47 

Low 

Excellent 

Drainage 
Type Wal1 
Excellent 

26.19 
(4.612) 

0.038 
(0.217) 

31. 3 

A 

16.50 
9.25 

1-2 

40-47 

Low 

Excellent 

Drainage 
Type Wall 
Excellent 

34.19 
(6.021) 

0.029 
(0.166) 

71. 5 

A 

16.50 
9.25 

1-2 

40-47 

Low 

Excellent 

Drainage 
Type Wal1 
Excellent 

aWal1 H1: 

Wa1l 02: 

Conventional brick veneer wall system, see Fig. 1. 

Alternate brick veneer wall system, see Fig. 2. 

Wall U5 

31. 79 
(5.593) 

0.031 
(0.179) 

60.3 

A 

16.50 
9.25 

1-2 

40-47 

Low 

Excellent 

Drainage 
Type Wa1l 
Excellent 

Wall 13: Conventional high R-value brick veneer wall system, see Fig. 3. 
Wall 64: Conventional high R-value brick veneer wall system, see Fig. 4. 

Wall US: Innovative high R-value brick veneer wall system,. see Fig. 5. 
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EXTERIOR AIR SURFACE 
NOMINAL 100mm (4-in)BRICK 

R -Value 
K.m2/W hr:F .no/Btu 
0.0299 (0.17) 

VENEER 
NOMINAL 25mm (l-in.)AIR SPACE 
EXTERIOR INSULATING SHEATHING 
(POLYURETHANE) 

50mm, 100mm (2-ln., 4-in) WOOD 
FRAME W/R-l.9372 (R-l1)BATT IN. 

13mm (V2 -ln~YPSUM WALLBOARD 
INTERIOR AIR SURFACE 

0.0740 
0.1708 

1.1007 

1.9372 
0.0792 
0.1198 

RT = 3.5116 

1 
U =R= 0.2848 

T 

(0.42) 
( 0.97) 

( 6.25) 

~
11.00) 
0.45) 
0.68) 

(19.94) 

(0.050) 

2 .. ,. 
Wall Thickness 248mm, Wall Weight 254 Kg/m, Wall Group B 

(9.75-in) (52Ib/ft') 

Figure 1. Conventional brick veneer wall system 

~~~~--~- -~~'-.~~-~~--j 

EXTERIOR AIR SUFACE 
NOMINAL 100mm (4-inJBRICK VENEER 
NOMINAL 25mm (Hn)AIR SPACE 
EXTERIOR SHEATHING, FIBROUS 

BOARD 
50mmx150mm (2-in.x6-ln.)WOOD 

FRAME w/R-3.3461 (R-19)BATT IN. 
13mm (Y2-in.)GYPSUM WALLBOARD 
INTERIOR AIR SURFACE 

RT= 
1 

U= RT = 

R -Value 
K.mYW hr.'F.ft/Btu 
0.0299 (0.17) 
0.0740 (042) 
0.1708 (0.97) 

0.2325 (1.32) 

3.3461 (19.00) 
0.0792 (0.45) 
0.1198 (0.68) 

~-

4.0523 (23.01) 

0.2468 (0.043) 

Wall Thickness 298mm, Wall Weight 273 Kg/m', Wall Group "B" 
(11.75- in.) (56Ib/ft') 

f"igure 2. Alternate brick veJ'eer wall system 
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R -Value 
K.m2/W hr.oF·ft7'Btu 

EXTERIOR AIR SURFACE 0.0299 (0.17) 
NOMINAL 100mm(4 -In.) BRICK VENEER 
NOMINAL 25mm (Hn.) AIR SPACE 
50mm (2-ln~ POLYURETHANE RIGID 

0.0740 (0.42) 
0.1708 (0.97) 

BOARD 
50mm.100mm(2-in.'4-in.)WOOD FRAME 

wjR-1.9372 (R-11) BATT INSULATION 
13mm(%-in.)GYPSUM WALLBOARD 
INTERIOR AIR SUFACE 

2.2014 (12.50) 

1.9372 
0.0792 
0.1198 

RT= 4.6123 

1 
U = AT = 0.2168 

(11.0q) 
(0.45) 
(0.68) 

(26.19) 

(0.038) 

Wall Thickness 273mm, Wall Weight 254 Kg/m2, Wall Group 'P;' 
(10.5-in) (52Ib/ft2) 

fig!110 1, conventional high R-value l'rick vene('r wall 
system, Type I 

EXTERIOR AIR SURFACE 
NOMINAL 100mm (4-in~BRICK VENEER 
NOMINAL 25mm (HnJAIR SPACE 
50mm(;!-lnWOLYURETHANE RIGID 

BOARD 
50mm.150mm(2-ill.>< 6-in)WOOD FRAME 

w/R-3.3461 (R-1f1) BATT INSULATION 
13mm(Y2-in;lGYPSUM WALLBOARD 
INTERIOR AIR SUFACE 

R-Value 
K'm2/W hr~F·ft~Btu 
0.0299 (0.17) 
0.0740 (0.42) 
0.1708 (0.97) 

2.2104 (12.50) 

3.3461 
0.0792 
0.1198 

(19.00) 
(0.45) 
(0.68) 

RT = 6.0212 (34.19) 

1 
U =R"= 0 1661 (0.029) 

T 

Wall Thickness 324mm, Wall Weight 273mm Kg/m2, Wall Group 'A' 
(12.75-lnJ (56Ib/ft2) 

Figure 4. Copventional high R-value rrick veneer wall 
system, Type II 
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EXTERiOR AIR SURFACE 
NOMINAL 100mm (4-in)BRICKVENEER 
0.93 Kg/m3 0511j) BUILDING FELT 
R-33461(R-19)BATT INSULATION 
50mm x 100mm 2-in.x4-in. WOOD FRAME wi 

R-1.9372 (R-1i) BATT INSULATION 
13mm(~-in.)GYPSUM WALLBOARD 
iNTERIOR AIR SURFACE 

R-Value 
K.m7'W hr.oF.tt)lBtu 
0.0299 (0.17)~1' 
0.0740 (0.4~· -
0.0070 (0.04) 
3.3461 (19.00) 

1.9372 
0.0792 
0.1198 

(11.0Q) 
(0.45) 
(0.68) 

RT = 5.5932 (31.76) 

1 
U= If" = 0.1788 (0.03,) 

T 

Wall Thickness 337mm, Wall Weight 254 Kgjm2, Wall Group ''I{.' 
(13.25-in) (52Ib/tt2) 

Innovative High R-Value Brick Veneer Wall System 

:~~~~e 5. Innovacive r.igh R-value brick veneer wall 
sgstem 



~,rall n Wall #2 ,;,'a11 #3 Kall {14 Hall #5 
Conventional Alternate Conventional High R-Value Innovative 

Tvpe I Type II 
Pa-.:h A Patb B Path A Path B PatE---:'~K--B---Path--X--Pa~ Path A Path B 

Exterior Air Surface 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 
(0.0299) (0.0299) (0.1)299) (0.0299) (0.0299) (0.0299) (0.0299) (0.0299) (0.0299) (0.0299) 

~ in (100 mm) 0.42. 0.::'2 0.::'2 0.::'2 0.::'2 0.42 .).:'2 0.:'2. 0.42. 0.42. 
Brick Veneer (0.0740) (0.07':'0) (0.0740) (0.0740) (0.0740) (0.0740) (0.0740) (0.0740) (0.07/+0) (0.0740) 

1 in (25 rom) Air 
Space 

15# (0.93 Kg/m3 ) 
Building Felt 

Sheathing or 
Insulation 

2 in x 4 in (50 mm x 

0.970.970.97 0.97 0.97 0.97 0.97 0.97 
(0.1708) (0.1708) (0.17081 (0.1708) (0.1708) (0.1708) (0.1708) (0.1708) 

0.04 0.04 
(0.0070) (0.0070) 

6.25 6.25 1.32 1.32 12.50 12.50 12.50 12.50 19.00 19.00 
(1.1007) (1.1007) (0.2325) (0.2324) (2.2014) (2.2014) (2.2014) (2.2014) (3.3461) (3.3461) 

100mm) Insulated .11.00 4.:'8 11.00 4.38 11.00 4.38 
~ Wood Frame (1.9372) (0.7714) (1.9372) (0.7714) (1.9372) (0.7714) 

2 in x 6 in (50 rom x 
150 rom) Insulated 
Wood Frame 

Gypsum Wallboard 

Interior Air Surface 

Total R-Value 

U-Value of Path 

%. of Wall Area 

Uavg 

19.00 6.88 19.00 6.88 
(3.3461) (1.2116) (3.3461) (1.2116) 

0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 
(0.0792) (0.0792) (0.0792) (0.0792) (0.0792) (0.0792) (0.0792) (0.0792) (0.0792) (0.0792) 

0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 
(0.1198) (0.1198) (0.1198) (0.1198) (0.1198) (0.1198) (0.1198) (0.1198) (0.1198) (0.1198) 

19.94 13.32 23.01 10.89 26.19 19.57 34.19 22.07 31.76 25.14 
(3.5116) (2.3458) (4.0523) (1.9178) (4.6123) (3.4465) (6.0212) (3.88671 (5.5932) (4.4274) 

0.050 0.075 0.043 0.092 0.038 0.051 0.029 0.045 0.031 0.040 
(0.2848) (0.4263) (0.2468) (0.5214) (0.2168) (0.2901) (0.1661) (0.2573) (0.1788) (0.2259) 

89.33 10.67 

0.053 
(0.3000) 

93.75 6.2.5 

0.046 
(0.2640) 

89.33 10.67 

0.039 
(0.2246) 

Figure 6. Determination of coefficiert of thermal 
transmission by dual path method 

93.75 6.2.5 

0.030 
(0.1718) 

89.33 10.67 

0.032 
(0.1838) 



38mm(1~ -in) 

D STUD 

4.8mm(j16 - in)diameter METAL 
ITIE 

W=93.7mm (3.6875- in) 

W=m+ 2d= 4.8mm +(2 x 44.45mm) =93.7mm 
(0.1875- in. +(2-1.75- in.)= 3.6875- in) 

where: m = thickness of metal tie 
d = distance from the metal tie to the 

face of the wall, not to be taken less 
than 12.7mm (0.5-in~ 

o Area of Path BA through insulation not affected 
by metal tie 166561mm2 (258.17- in.2) 

f2ZJ Area of Path Bs through wood stud not affected 
by metal tie 12355mm2 (19.15-in.2) 

~ Area of Zone 1 through insulation affected by 
metal tie 3761.3mm2 (5.83-in.2) . 

[SSSl Area of Zone 2 through wood stud affected by 
metal tie 3129.0mm2 (4.85-in.2) 

Figure 7. /feat flow paths thI:ough insulation dnd 1·>'Ood 
stud and areas affected by the presence of 
the metal tie for r/al1 !l5 



/."'''' I ......... -
r,ll h_A __________ _ 

-----re.,11i !l';'
I~·_ ..... 1".. - ifjll 

l:xt.,.I", "I, :;",1.",' !I. II- 1I.tJ',O~(J 1,.1'1'1 Il./Jllhll ·,.I)I,Y. II.I} ;).0'1', 0.11·· 1.~Jr. 

l'",tal TI(! 

tIl.OJ'J"") (y. OO!7f» _U-, 'JI,U J.Q.JIQ1J I) ('I. ',f,'» (!J.JJ~_'I'I~tt 10-, IH~l) (II .. O!'J!t',) u .1,) 1 ) 

II.ltJ· 0.01,0',9 1,.'n9 O.OTJhR 1.'j"lH 11.1,/-- u.~ I', I), 't!. 1.1',11 
(I).I!:I~'!/ L (0. OO'IL~_LJJ--,---~61L __ J,9-,-,QQ.l!1L t!l.}~:» .tn.,_~n"J) _ (0. 44'!l __ IO. (1.1 \<j7) _0--,-'1"'! J 

n.n-- O.O~OI\l 9.46S 
(0,1}]1I74) (O.0037S) 
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Figure 9. Completed demonstration project 

Fi.Jure 10. DL"ick masonry under construction SiIOl.:.ing 
illst.:.lled ;-; ties 



Interior view of wall after completion 
of brick nasonry 
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Discussion 

n.R. Robertson, New Mexico Energy Research and Development, Albuquerque: What are the advantages 
of brick in this wall, as opposed to some other sheathing? 

S.S, Szoke: There are many advantages of using brick in this wall system as opposed to other 
forms of sheathing. The paper discussed the considerations that should be used when selecting 
a building wall. The high R-value brick veneer wall system provides structural integrity. 
moisture penetration resistance, mass to reduce sound penetration, mass to reduce cooling loads, 
ample thermal resistive insulation, fire resistance, durability. and low maintenance, in 
addition to aesthetics. It is difficult to construct an exterior building facade that provides 
all of these factors as well as brick masonry does. 

D.E. Welker, Forster-Morrell Engineering, Colorado Springs: Is the increase in footing and 
foundation thickness to accomodatc the increased insulation thickne:o;s cost-effective? Would it 
be better to install rigid insulation with a higher R-value per inch instead of the batt 
insulation, which "'ouIJ result in decreased foundation thicknc%? 

Szoke: Thc increased foundation thickncss is a major cost for the high 1{-valIlC hJ'ick Vl'llel'I' 

wall system. This cost, combined with the increased sill, jamb, and Iwad thicknesscs, may 
result in this wnll not being an oconomical choice as a building wall. Several cxamples of 
using rigid board insulation are discussed in the paper. These systems still require an 
increased foundation wall thickness, but not as great as the super-insulated brick veneer 
wall. If alternate insulaiton materials can be installed more enconomically than those used 
in the high R-value brick veneer wall, increasing the foundation wall system, then rigid 
insulation is a viable option. 

The only concern that exists is the installation of the rigid board insulation. Rigid 
board insulation has to be installed between the metal ties as the brick veneer is constructed. 
This may increase the installation costs and will eliminate the opportunity to inspect the 
completed brick veneer from the interior. However, in most applications where quality workman
ship is typical, inspection is not a necessity, and alternate insulation materials used to 
increase the R-value or decrease the wall thickness may be used. 

R.F. Jones, Brookhaven National Lab., Upton, NY: A paper by the Research Institute at Lund 
in Sweden indicated that in retrofit construction, adding insulation to existing brick walls 
on the interior surface could reduce the internal temperature of the masonry wall below 
freezing and create deterioration of the wall. What would be the solution to this problem? 

Szoke: The additional insulation in the wall system will thermally isolate the brick veneer 
and subject it to temperatures that will essentially be the same as ambient temperatures. 
Temperatures below freezing should not have any deleterious effects on properly constructed a~d 
detailed brick veneer. If the wall is not detailed and constructed to prevent water penetration, 
moisture present in the brick veneer during freezing temperatures may cause deterioration of 
the brickwork. The high R-value brick veneer wall system with the 6-in. cavity is very easy 
to construct and thus, with the use of some portland cement-lime mortar, penetration through 
the brick veneer should not be a problem. The u::;e of proper flashing at the sills and a 
roof overhang at the eaves and gable should prevent any water from entering the brick veneer, 
Without saturation by water, Grade SW brick, conforming to the ASTM Standards will provide 
successful performance and resistance to freeze/thaw deterioration. 
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