6-16: Heat Capacity Values

An Information Series © National Concrete Masonry Associatior

TEK 6-16: HEAT CAPACITY (HC) VALUES FOR CONCRETE MASONRY WALLS

energy, energy efficiency, heat capacity, heat capacity values,
thermal mass, thermal storage

Keywords:

| ntroduction

Heat capacity (HC) is defined as: (1) the amount of heat necessary to raise the temperature of a given mass
one degreel; or more simply, (2) the product of a mass by its specific heat.

Heat capacity is important because energy standards and codes are beginning to provide guidance to
designers on how to incorporate the benefits of massive wall assemblies in the design of energy efficient
buildings. These benefits are attributed to a property known as thermal mass.

Thermal mass is defined as: materials with mass heat capacity and surface area capable of affecting building
loads by storing and releasing heat as the interior and/or exterior temperature and radiant conditions
fluctuate. 2 Wall thermal mass tends to decrease both heating and cooling loads in a given building, thus
saving costly energy. The amount of savings realized by incorporating thermal mass into a building's design
is a function of several variables. These include local climate, wall heat capacity, fenestration (window)
area, fenestration orientation, fenestration solar gain, building occupancy load and other internal gains such
as lights and office equipment. The most manageable approach to account for energy savings due to thermal
mass is to relate the savings to the wall heat capacity and local climate. 2:3.4

Because less energy is consumed by a building with massive walls, such as concrete masonry, than by one
with lightweight frame walls, wood or steel studs for example, the R-value requirements for a massive wall
are less than those for a frame wall. In order to achieve an R-value reduction for massive walls, the HC of
the wall must be greater than a certain value. This value is not a constant in all codes and standards, because
the underlying assumptions that were made in their development are not necessarily the same. Depending
upon which code or standard is used, and how it is used, the minimum HC varies but will usually be 5,6,7,10

or 15 (Btu/°F ft?2).

This publication is intended for use by engineers and designers as a guide in determining the heat capacity
(HC) of concrete masonry walls. Examples are provided which demonstrate how the values in the tables
were derived. The use of these tables eliminates the need for lengthy and time consuming calculations.

How to Calculate HC (Rule-of-Thumb)

For the purposes of the energy codes and standards, heat capacity, as discussed thus far in this TEK, actually
implies wall heat capacity which is defined as: the sum of the products of the mass of each individual

material in the wall per unit area times its individual specific heat. 2 As indicated previously, HC is equal to
the mass, or wall weight, multiplied by the specific heat. Therefore, for example, a single wythe concrete

masonry wall weighing 34 Ib/ft2 has an HC of 7.14 (Btu/ft2-°F)).
HC = wall weight (Ib/ft2) x specific heat (Btu/lb °F)

HC = 34 (Ib/ft2) x 0.21 (Btu/lb-°F)
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HC = 7.14 (Btu/ft2.°F)

This simple calculation is based on a rule-of-thumb that the specific heat of most concretes is very close to
0.21 (Btu/lb-°F). The actual value depends on the aggregate type used in the block manufacture. Blocks
produced using sandgravel aggregates tend to have specific heat values of approximately 0.22 (Btu/lb-°)

while most other block have a specific heat of 0.21 (Btu/Ib-°F). °
How to Use HC Values in Codes and Standards

Although the minimum HC value is dependent upon the code being used, the 1988 amendments to the 1986
Council of American Building of finials Model Energy Code (CABO/MEC) require an HC of at least 6.7.
Hence, the wall from the previous example with an HC = 7.14 can be given an R-value reduction. For
example, at 3,000-4,000 heating degree days (HDD), a wall having an HC less than 6.7 may be required to
have a U,, of no greater than 0.20, but a massive wall need only have a U ,,, of 0.26. Expressed in terms of R

values, if a frame wall with an HC less than 6.7 must have an R-value of at least 1/0.20 = 5.0, a masonry
wall having an HC equal to 7.14 needs only to have an R-value of at least 1/0.26 = 3.85 (hr-ft 2-°F/Btu).

ASHRAE proposed standard 90.1, Energy Efficient Design of New Buildings Except Low-Rise Residential,
and the Mandatory Interim Guide For All New Federal Buildings Except Low-Rise Residential, have four
(4) minimum HC values. The alternate component package (ACP) tables in the prescriptive section have
three levels of R-value reduction, expressed in the table as U-value increases. Generally, the greater the HC,
the lower the R-value requirement for a wall.

The fourth HC minimum is 7 and is used as the minimum value permitted to make trade-offs for increasing
glass area. Glass areas are permitted to be larger when there is adequate mass to provide the necessary
storage for the increased heat gains due to solar radiation transmittance. This section allows the designer the
flexibility of exploring, via a PC-based computer program, different wall designs to see their effect on the
overall energy budget for a given building.

Theory

The values in Tables 1 and 2 are calculated according to the following equation:
HC,, = HC, + HC + HCy + HC¢ - Eqn.1

where:

HC,, = total heat capacity of finished wall (Btu/ft 2.0F)
HC,, = heat capacity of block (Btu/ft 2.°F)

HC,,, = heat capacity of mortar (Btu/ft 2.0F)

HC, = heat capacity of grout (Btu/ft 2.0F)

HC; = heat capacity of finish materials (Btu/ft 2.0F)
(brick veneer, plaster, etc.)

Individual items in equation 1 are governed by equation(s) 2.

HCb,m'g =V x D x Sp. Ht. x 1.125/sq. ft. -- Eqn.2
HC; =V x D x Sp. Ht.
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where:

V = volume = ft3

D = density = Ib/ft3

Sp. Ht. = Btu/lb-°F

1.125 = Number of block

Sample Calculations

1. What is the heat capacity of a single wythe wall constructed of standard 8 x 8 x 16 in. unite, 52 % solid,
consisting of 90 pcf concrete?

HC,, HC, + HCpp
HC, =(.52)V x D x Sp. Ht. x 1.125/f%

= (.52)(7.625 x 7.625 x 15.625/1728) x 90 x 0.21 X
1.125

HCy =5.81 (Btu/ft2°F)
HCn =V x D x Sp. Ht. x 1.125/f

= 2[(16 x 0.375 X 1.52) + 2(7.625 x 0.375 x 1.52)] X
1/1728 x 120 X 0.20 x 1.125

HCp, = 0.42 (Btu/lb-°F)
HC,, =5.81+0.42
= 6.23 (Btu/ft2.°F) (check value in Table 1)

2. What is the heat capacity of the wall in Example 1 if it is finished with 1/2" gypsum board glued to the
interior surface?

HCy = HC,, + HC,,, +HC¢
THCl():m =6.23 (From Example 1)
HCt =V x D x Sp. Ht.
=[12 x 12 x 1/2 x (1/1728)] x 50 x 0.26
= 0.54(Btu/ft2.°F) (check value in Table 3)
HCy =6.23 +0.54

= 6.77(Btu/ft2°F)

3. What is the heat capacity of the wall in Example 1 if it is grouted at 24" o. c. (every third core)?

HC,, = HCy +HC, +HCy

HC, _

+HC,, =6.23 (From Example 1)

HCqy =% Grout x V x D x Sp. Ht. x 1.125/f
% Grout = 1/3(1-.52) = 1/3(0.48) = 0.16

HC,q =0.16 x .5257 x130 x 0.20 x 1.125

= 2.46 (Btu/f2°F)
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HC,, =6.23 + 2.46
= 8.69(Btu/ft2.°F) (check value in Table 2)

Helpful Hints

The preceeding sample calculations illustrate how the values in Tables 1, 2 and 3 were developed. If a wall
is made up of any of the masonry units and/or finish materials listed in the tables, simply add the values to
get the total wall heat capacity.

If a wall is not made up of the components found in the tables, use equations 1 and 2 to calculate the total
wall heat capacity.

TABLE 1. HEAT CAPACITY OF UNGROUTED HOLLOW STNGLE WYTHE WALLS (Bto(~'F)

Stre of CMU Density of Cancrete in CML (BAP)
sod % Solid*,

80 %0 10 I 120 130 140
.65 340 18 411 455 493 5.56 5.96
n 4.01 547 4.94 541 586 650 708
100 505 5.4 623 632 741 837 £99
" - 5% 436 487 537 587 6.33 714 772
k] .04 6.76 747 8.18 690 10085 10.80
8" - 52 5.57 623 6.23 7.52 817 921 9.48
% 817 314 12,11 L1038 1204 1361 1463
167 - 48 £.50 .28 801 8.7 9.51 10.60 138
T8 1026 1148 12711 13903 15.15 1713 1841
1" - 48 175 866 9.57 1] 11.3% 12.86 1381
s 12.30 13.77 15.25 .37 18.30 2W0.5% 2204

Fasce: Shell Bodding [Dencity of Mortar w 120 1Wf2, Sp. Ht. of Morter = 0.20 (Buyth'F)]
* % s0lid basad on dimensions in Table B, "Calcualation of U-Yalues of Hollow Concrate Masonry™, by Rudy Valors

TABLE 2. HEAT CAPACITY OF GROUTED STRGLE WYTHE WALLS { B~}

Sire of CMIL,
% Eolid* und Demiy of Cuncreee in CML (T}
Spacing
£ - 5% [ 0 0o m 12 130 140
» 945 457 1047 10497 1148 1219 1282
6" 491 742 kX4 242 £53 974 1027
Fo .06 557 wur 757 8.0® 8.5¥ 9.43
- 554 51% 655 75 165 £47 40
an 538 50 £.39 .80 140 .21 574
43" 52 572 .22 672 7.23 RO8 557
=%
s 1297 134t 1426 1490 15.58 16.5¢ Lo
16+ 9.28 542 1057 1.2 1186 1290 1358
24" B.O5 269 4.3 998 1063 1167 1235
azn 744 308 %51 937 Loz Lig6 1174
- T4 H 8.36 a0 565 Lp48 1137
4" 552 188 511 218 240 [ERS 1002
10 - A%
g 16,50 1734 tg.10 14,55 oLl .68 2147
18" 11.53 1230 1306 1381 .36 1565 1643
W 956 1061 1137 12.12 1287 1396 14.74
- 92 977 V353 1128 1203 13,12 13,50
o 252 L 0. N8 1153 1262 1384
[ 315 854 30 1045 i1 1229 137
" W 245 217 7267 23.58 25.08 2000
Lg" 13.85 1875 1567 16,58 17.49 1596 19.91
u" 1181 1272 13.63 b5 1545 16.52 17.67
E- W80 17 1262 13,53 14,44 15,91 16,86
L 1,39 11,60 120 TR 1583 1550 14.5%
" 9.7 ik} 11861 1252 1343 1490 15,85

Face Shell Bedding [Dergity of Momar = 120 IV, Sp. Hu of Momar = 820 (B!
+ % wolid bansd an di invs in Table 8, "Cadoulation o L-Valurs of Hallw Concrets Masoary™, by Rudy Valore
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TABLE 3. HEAT CAPACITY OF MASONRY AND RELATED MATERIALS {Btwir?"F)

Material Densiy  (Specific Head Heat Capacity)  Miterial Demtity | Specific Hn:h‘.m Cagutity|
(%] {BrBF) | (BiniteF) (It (B le"F) | (Blai"F)
Monat 1 0.20 RA Clay Brck 135 D20 816
Graut 130 [ WA Solid 3 58
Coocretr ] [k} WiA Foypsur Boar)
%) 02k NiA n R 0% 041
i 0.2 A wr h1) D26 0.3
TH @21 Niw i L] D Q68
¥ o A Flasier wwl
3 021 WA Sioeen
40 022 NA W ¥l 0.20 1.0
L 183 [in] 15
i 120 030 0
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the accuracy and the application of the information contained in this publication.
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