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ABSTRACT

The u.S. Energy Policy Act of 1992 mandared thar rhe local energy codes fo¡ commercial
buildings mee¡ or exceed úre requì¡emenrs of ASHRAE S¡a¡dard 90. 1. This, in effecL
made ASHRAE 90-1 requiremenrs the u.S. energy basehne. ca¡ad.a's energy code is
a.lso influenced by the ASHRAE standa¡d. This standa¡d speciñes requiremens for
energy conservarion and use within commercia-l buitdings, and includes criæria for
lighcing, HVAC sysrems, and hear loss tlrough walls.

ln the ASHRAE 90. I sn¡da¡d, crcdits a¡e given for úe rhermal mass effects of concrea
and masonry walls. The mass effecß depend on the climarc, waLl hear capaciry, and
insuladon posirion. The thermal mass of the concrete a¡d masonry storcs a¡d iarer
releases heat energy which eliminates large temp€rarure swings within rhe inærior of the
building. Thermal mass is a.lso effecrive in commercial buiJdings because ir moder¿æs
internal loads generaed by occupana, lighring, and equipmenr.

INTRODUCTION

Ever since the Arab oi.l embargo of 1973 and the ensuing energy crisis, consewation of
energy has become a major concem of industry and governmenr. ln an effon to avoid
future energy crises, rhe unired Sta¡es developed úe firsr energy policy shonly after ùe
1973 embargo. The energy policy was ded ro state and local building codes by specifying
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minimum R-va.lues for building envelopes. The rhermal performance of lighrweight
building materials is adequarcly reprcsented by the R-value alone. Howevã¡, since
concrete and masonry sÎore a¡d late¡ release heat energy, the R-value is nor a¡ accurale
measure of thei¡ thermal performance.

Prescriptive requi¡ements in early_energy codes penali"ed conc¡ete and masonry by strictly
specifying minimum R-values. current energy codes, however, accounr ror tire aúiLiry oi
concrere and masonry to srore and later release therma.l energy.

ENERGY CODES

ASIß.AE/IESNA Sm¡da¡d 90.1-1989 (ASHRAE, 1989) is an energy code for new
commercial buildings a¡d ASHRAE Sta¡da¡d 90.2-1993 (ASHRAE, 1993) is a¡ energy
code for new residendal buildings. These sta¡da¡ds were developed using a consensus
p-rocess by commiuees wirhrn the American Sociery of Heating, Refrigeraiing, a¡d Air
conditioning Engineen (ASHRAE). The standa¡ds, which a¡e conrinr:ally upoated,
encompass all aspects ofbuilding design and energy usage. The total building is
considered from proper sizing of the FIVAC system to lighting rcquiremenn tó minimum
leveis of insularion i¡ wa]ls a¡d roofs.

rn 1992, the uni¡ed Sutes congress passed the u.s. Energy policy Acr. This legislarion
regg¡rea each staæ ro implement a¡ energy code thar meets or exceeds the rcqui¡ements of
ASHRAE Standard 90.1 for commercia.l buildings. Stares werc given r*o yèars ro
implement the change or show reasonable progress in impiemenring the chinge. The
legislarion also required that eqch smte determine whethei its energy code for iesidenrial
buüdings meels or exceeds the requirements of the Model Energy-Õodc (council of
America Building officials, 1992). Iî is possible thar the Model Energy code will soon
adopt the ASHRAE 90.2 Sranda¡d, essenrially making both ASHRAE standa¡ds the
federally mandared energy policy in rhe Uniæd Søtes.

The ASHRAE sundards have been wrinen with input from.ngioee.s and a¡chitccrs from
the united States and canada. a¡d include criteria a¡d climate data for both counrries.

Although canada does nor have a na¡ional energy policy, some of the individual provinces
have their own energy policies. Quebec and onra¡io both use rhe AsHRAE Standa¡d 90.1
for commercial buildings.

THERMAL MASS

As previously discussed, rhe R-value alone does not accurarely prcdict the thermal
performance of conc¡etc and masonry walls. This is because the R-value is a measu¡e of
resistance to heat flow during constanr remp€raürc. A rypical l5Gmm (Ginch) insulated
frame wall may have a¡ R-value of ?3 m2.KN (13 hr.fr2.'F/Btu), while a rypical 200-
mm (8-inch) conøere wall will have a¡ R-value of 0.2 m2.ßílW (1.3 hr.fr2.oFÆru).
Simply comparing the R-values of these wails will falsely imply thar rhe concrcæ wall
loses 10 times more heat than the insulated frame wall.

Thermal mas-s is a propeny rhat enables buiJding materials to absorb, store, a¡d later
release signi-ficant arnouns of heat. Buildings consu-ucred of concrete and masonry have a
unique energy-saving advanage because of thei¡ inherenr rhermal mass. These marerials
absorb energy slowly ard hold it for much longer periods of time rhan do less massive
materials. This delays a¡d rcduces hear u-ansfer rhiough a rherma.l mass building
component, leading ro rh¡ee imponant rcsuhs. Firsr, rhe¡e arc fewer spikes rn rh'e heanng
and cooling requiremenn, since thermal mass slows the rcsponse time and rnod.ru,.,
indoor temperatu¡e flucruations. Second, a massive building uses less.n.rgy rh- u
simila¡ low mass building due to the reduced hear u-ansfe¡ uhiougti t¡. *"ssií. .l.rn.no.
Thi¡d. thermal mass can shift energy dema¡d to off-peak time Ë¡ods *hen energy rates
a¡e lower.

vy'hen comparing the thermal performance of conc¡ete ard masonry walls wirh that of
f¡ame walls, both the thermal mass a¡d R-values musr be conside¡ed. EzLrly energy cooes
specifie<i R-values only, and this is why concrere and masonry *utt, *.r. íp.n.tirø 

.

!. t*¿ performanôe of walls can be measured in a calibrared hot box rest (AsrM
C976). This ¡est method is used ro determine rhe rherrnal mass a¡d the R-value of a wall
assembly. To measure the R-value, the walt assembly is placed ir the tescing appa¡ams,
a¡d each side is subjecred to consranq but differenr remp€rarures. The R-vai-ue ìs rhen
ca.lculated from the temperarure difference a¡d the hear ho* ac.oss the specimen. The
effect of thermal mass is deærmined i¡ a simi.la¡ manner, excepr the æ.i.*t,* on on.
side of the wall assembly is flucruaæd ro represent acua] ourdoor condiiions. Due ro rhe
high cosr of resdng, a¡d rhe usefulness of computers, rhis ty?e of testing has been largely
replaced by compurer simularions.

Figure I prcsents a typicaì test rcsult from a calibrated hot box resr of an uninsulated
concrcæ block wa.ll. The venical axis rcpresens the hear flow rhrough rhe wall, while rhe
horizonra.l axis represens the dme of æsring. The calculaed heat flñ represenrs rhe
thermal performance based on R-values oniy, neglecting thermal mass efiects. Tïe
measured hear flow i¡cludes thermal mass effecs. As ca¡ be seen in the figurc the acrual
measu¡ed values include a decrease in the toml heat flow as well as a shif¡ o]f ¡he peak hear
flow. Bottr the shift a¡d rhe ¡eduction of maximum heat flow are imponant fo. 

"'nurbrtof reasons. Finr, ¡he ¡educrion in peak heat flow is imponant becauie rhis shows the
imporønce of the therma.l mass effect. A¡other imponant point is the ¡educrion in roøl
heat flow, as measurcd by the area under each curve. Thijis imponart because less hear
is actually being lost through rhe wall when the rhermal mass is ðonsidered. Finally, the
thermal-lag is imponanr because-energy consumprion is shifred ro off-peal< rimes wîich
may reduce fuel expenses or shift loads to times when heating or cooling is not necessa¡y.

Table I prcsents the result of calibrated hot box tests for a number of wall configuradons.
Prcsented a¡e ùre wall configuradons, rhe calcularcd R-value, úe rhermaj iag, ûrõ reducdon
ir amplitude, and the calculared and meæurcd ¡otal hear fluxes. It is interesãng ro compare
thc insulated frame wall to rhe i¡sulated brick a¡d block caviry wall. The R-va]ue of rhe
insulated f¡ame wall was higher than that of the insulated caviry wa.ll, however, less hear
flowed rhrough rhe insulaæd caviry wafl. Thermal lag, reducdón in amplirude, and roraJ
ene¡gy use for any wall is dependenr on rhe climare, building, aad building use.
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Figurc I - He¡t Flux Me¿su¡ed using a Calibrated Hu Box and Calculatcd from R-values for an Unirsulared Concrcte Block Wall.

Wall Description

Medium Weight Hollow Core Concrere Block

Medium Weight Hollow Core Concrete Block
with Expanded Perlite Loose-Fill Insularion
in Cores

Uninsulated Cavity Wall: 6-in. Hollow Core
Concrete Block and 4-in. Clay Brick Separared
by a 2.8-in. Air Space

Insulated Cavity Wall: 6-in. Hollow Core Concrete
Block and 4-in. Clay Brick Separared by 2.8-in.
of Expanded Perlite L¡ose-Fill Insulation

2x4-in. Wood Frame with R-l I Fiberglass Batt
Insulation between Studs, Gypsum Wallboard on
Inside Su¡face, and Plywood Cedar Siding on
Outside Surface

Table I - Resulrs of Calibrated Hot Box Tests for Various Wall Types

Time, hours

t.)t)O

Measured
Thickness

in.

c)
e.
o-

I
g

Measured
R-value

hr.sq ft.oFÆru

7.6

7.6

Notes:linch=25.4mm
I hr.sq ft'oF/Btu = 0. l?61 102 sq rn.K/W
I Btu/sq ft = I1.35653 kJ/sq m

l-hermal Lag
hours

2.8

4.3

3.5IZ.t

Reduction ir
Amplitude,

percent

3.0

35

t2.t

Measured
I-leat Flow
Btu/sq fr

4.8

9.4

r8

28

4l55

Calculated
l{eat Flow
Bru/sq ft

12.0

r33

1)

7.0

169

l0r

1.5

50

70

7.5

t2t

22

38

39

43



ln low-rise residendal buildings, hcating and cooling loads arc primarily dercrmined by the
thermai performance of the building envelope. ln those buildings rhe eifecrs of thermal
mass a¡e most pronounced in climares whcrc rhe outdoor temperan]le is both greaær than
the indoor remperaürc during the day, and less than the indoor temperanrrc ainighr ln
this situadon, heat energy warms the cool conc¡ete walls during theday, and theñ the
stored heat energy warms the inerior of rhe building at night and also escapes into rhe cool
surroundings at night. This siruadon is rermed a ¡eversal in heat flow. In åommercial
buildings, loads a¡e influenced.moæ by interna.l heat gains from occupants, lighting, and
equipmenr Because exposed rhermat mass can absorb inrerminent heat gains]thermal
mass is generally more effecdve in commercial buildings rhan in low-risJrcsidendat

lui]dings. utilizing these principals, it is possible to design and build cost effective
buildings utilizing thermal mass for most climates in the únited Sutes a¡d. canada.

ENERGY CODE COMPLIANCE

Thermal mass effects for concrcte and masonry wall components a¡e add¡essed in rhe
ASHRAE 90.1 standa¡d- Credirs are available in most climares for rhis type of
construcdon. ln the su¡da¡d therc a¡e three paths for showing that a wall or roof meets
the criteria of rhe su¡da¡d. These paths are the presctipdve, performance, and the cost
budger method Each succe¿ding compliance path is more complex rhan rhe orhers. For
example the performance method is more complex rhan the prcscriptive method.

The prescriptive compliance path is the simplest path ro show that a building componenr
mects the minimum rcqui¡ements of rhe ASHRAE 90.1 sranda¡d. This mcthod uscs tables
to determine the required R-values for walls and roofs. ln the sunda¡d, these tables a¡e
called Alternarc c-ompliance Packages ø ACP tables. There arc a toul of 38 ACp rables,
and each able contains a listing of locarions in which the ¡equi¡emena of rhe nble apply.
ln these tables, the minimum R-value is based on the heat capaciry of the wall. Thcrc a¡e
four categories of heat capacity: 0 to 0.88, 0.88 to I .76, 1.76 to 2.64, and grcater than
2.64kJ/@z'K) (0ro5,5 to 10, l0to 15,andgrcaterthan 15 Bny'(fr2..Ð);andtwo
categories of insulation posidon (inrcrior or exærior). The rcquired R-value is decrmi¡ed
by knowing the heat capacity of the wall and wherc the insuladon is located.

The performance path of compliance is slightly mcne diffrcult to use than the prcscriprive
path. This method uses a rcladvely simple compuær program thar is supplied wi¡h the
ASHRAE 90.1 sta¡da¡d. The computer program is call ENVSTD, a¡d allows wall
consEuction opdons to be manipulaæd i¡ order ro mcer the standard. For example, lesser
amounts of insuladon can be naded for other energy conserving oprions such as morc
energy efiìcienr windows. The program allows the exacr heat capacity ro be used and any
value up ro 17.6kJ/(mz.K) (100 Bru/(ft2."Ð) can be entered Additional crcdia are only
available for values up to 3.70 ¡¡7im2.x¡ (21 Bru/(ft2pF)). The progrâm allows for th¡ee
ty'pes of insularion position: interior, exrerior, or integral.

The most complex method of compliance is ùe cost budget method. This method
comparcs a building that complies with rhe sanda¡d with a design building to see if it

complies. This merhod is usually used ¡o derermine if a new tlpe of consrucdon maærial,
or a novel building design will meet ¡he energy standard.

A majoriry of the engineers, a¡chitects, a¡d contracron use either the prcscriprive or rhe
performance path of compliance. As an example, conside¡ rhe design of a nå* 

"on.r.obuilding for McMasrcr univeniry which mecs the prescripcive."q,iir"o,"nm of AsHRAE
90.1. Theciry in rhe AcP Tables closest to McMaiter uniue.siryis To¡onro, ontario,
cånada. Toronto is contained in ACp rable No. 32. For rhis ex'ampte assrÃe thar *re
new building has 20Gmm (8-inch) thick normal weight concrete wails wirh exterior
insuladon. The heat capaciry of rtre concrcæ is irs unìr weight on a weighr per unir area
basis multiplied by the specilc- heat. The specific heat of nãrmal-*.igtir cóncr.r. .-
generally be assumed ro be 0.84^kJl(kg.K) (0.20 Btry'(lb.'Ð). Since ãormal-weighr
ggncre^rc in generally 24ffikg/m3 (150 lb/ft3), úe hear capaciry in this case is 3.53
ky(m2.K) (20 Bru/(fr2.'Ð). The required R-value is l.g'm2.K/!v t I o r.,r.ni.'n¡ntrl ro.
the conc¡ete wall with cxrerior insuladon. Insulation with a¡ R-value of 1.53 m2.Ifi/
(8.7 hr'fr2'oFÆru) musr be added ro rhe concrerc ro achieve a wali R-value of l.g m2.llw
(10 h'ft2'"F/Btu). If this^building was constucred using wood framcd walls, the rcqured
R-value would be 2.4s m2.KIw (13.9 hr.ft2..F/Btu). Tire R-value requirement of the
mass wall is 28 percenr less than of rhe framed wall.

4 !4Sng of this rype can be modelred for any locadon in ca¡ada and the united srares.
Table 2 compares the requircd 

f.-v3lues using the prescriptive pa*r for four types of
construction al many locarions i¡ canada and rhe uniæd Sat.i. Th. fou, *ái rypes are a
simple wood fra¡ned wall, a simple wood framed wali with ¿Ln exrerior wythe of clay
b¡c.!' a 20Gmm (8-inch) thick normaj weight concrcre wall wirh inrerioiinsulation, and a
simila¡ concreE wall with exterior insulation. lnsulation on the exte¡ior side of mass is
generally more effemive than inerio¡ insu.ladon in rcducing headng and cooling loads.
This is demonsraþd in Table 2 by the lower R-value requircmenr-of conc¡ete"walls wirh
exterior insulation.

CONCLUSIONS

Since the passage of the Energy Policy Act of 1992, ASHRAE stand¿¡d 90.1 has become
the energy policy of the uni¡ed sn¡es for commercial buildings. some ca¡ad.ian
hovinces crrrcntly use rhe ASHR 4E sundard" and it is expeãed ¡hat as the remaining
Provinces dcvelop energy codes, these policies will use t¡e RsnRne sranda¡d-

The úermal performance of conc¡ete and masonry arc nor accur¿rery reprcsenrd by R-
values alone. In most climates, thermal mass effecc allow fo¡ less instdation to bo used in
concrcre and masonry consu-uction to achieve the requircd level of insularion.

The ASHRAE 90. I sra¡dard considers the thermal mass effecrs of concrcre and masonry
walls, and allows building designers ro meer the energy codes by using less insularion
than required for non-mass walls.
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Table 2 - Minimum Required R-values (h¡.sq ft oF/Btu) for Differcnt Wall Types in Setectcd Cities

City

Albany, NY
Albuquerque. NM
Amhorage, AK
Atla¡a, GA
Boise. ID
Calgary, AB
Chicago, IL
Daupìin, MB
Denver, CO
Dcs Moi¡es. tA
Deroir. MI
Fon Smiù, NW
Helcna, MT
Las Vcgæ. NV
Los Angeles, CA
Mirneapolis, MN
Minot, ND
Monreal. PQ
Moose Jaw, SK
Néw York Ciry, NY
Otnwa. ON
Pcace River. AB
Phocni.x, AZ
Pitßbu.rg, PA
Ponage la Pr¿¡ie, MB
Princc Rupcn, BC
Red Decr,,4.B
Sabla Isla¡d, NS
San Francisco, CA
Sandspit, BC
Saskatoon. SK
Seattle. Vr'A
St Johns, NF
St Louis. MO
Tampa, FL
Toronio, ON
Traversc City, MI
Vancouve¡, BC
Vr'indsor, ON
Winnipcg, MB
Yarmouth, NS
Yorktown. SK

ACP Table
Frame
Wall

3l
23
3'7

8

28
36
26
38
28
3l
26
2a

32
l4
ó

33
36
33

36
25
33
38
t8
26
36
37
36
27
4
)1
38
t9
37
29
12

32
32
19

3t
38
32
38

Fr¿me Wall
with Brick

Wythe

13.2

10.0

17.2
''t ;'l
12.2
t1)
t2.2
22.2
12.2

13.2

12.2

22.2
13.9

6.3
4.5
15.4
17.2
ts.4
17-2
8.3
t5.4
)) 't
4.2
12.2

17.2
11.2
t't.2
12.5
7.1
rt <

Ja)
10.9
17.2

10.8
''t.7

13.9
r 3.9
10.9
1a)

22.2
13.9
22.2

Conøeæ \ilall
wiù Interio¡

I¡sularion

t2.7
9.1
16.9
6.?
r0.9
ló.9
r 1.8

21.7
10.9
12.1

l 1.8

21.7
t3.3
5.3
2.7
14.9

16.9
14.9

16.9

7.7
14.9
21;t
3.6
l 1.8

ló.9
ló.9
ró.9
I r.9
5.0
I 1.9
21-7
r0.4
t6.9
t0.l
5.9
13.3

13.3

10.4
t2.7
21.7
13.3

21.7

Corrrcæ WaIl
withExærior

Insulation

n.2
6.3
16¿
4.2
8.3
16.4
r0.5
21.3
8.3
tt.2
r0.5
2t,3
I1.9
3.6
1.3

l4.l
16.4

l4.l
16.4
59
14.1

21.3
2.4
r0.5
16.4

16.4
164
r 0.3
2.3
10.3
2t.3
9.r
16.4
8.3
3.7
I 1.9
l1.9
9.r
lt.2
21.3
l1.9
2t-3

10.0
4.8
r 1.8

3.4
6.3
14.5

9.1
20.0
6.3
10.0
9.r
20.0
10.0
3.2
t-3

12.0
14.5
t2.0
14.5
4.8
t2.0
20.0
2.4
9.1
14.5

I 1.8

14.5
8.3
1.9
8.3

20.0
1.1

r 1.8

7.1

3.1

10.0
10.0
'1.1

10.0
20.0
10.0
20-0
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Note : Høt epacities fü úc brick wyùe md æncÍête wâlls üc æsumêd lo bc 6 ând 20 Btú(sq fr.oF), rpætivcly.
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