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and thick of the h material, the conductance
of h terials (such as te blocks), the
surfme oonductanm of both sxdes of the construction, and
of an; tained air spaces. These items are

dxsc\xssed in the pages t.hat follow.

Conducfivities and Conductances

The method of calculatmg the overall coefficient of heat
transmission for 8 gwen const.mcuon is compmahvely simple,
but te values of d ties and must
be used to obtain satisfactory raulus In addition, there are
sometimes parallel heat-flow paths of different resistances in
the seme wall, and these may necessitate modification of the
formula. In such cases calculated results should be checked by
test.

The determinstion of the d i conducti

Frret, s hi

ities and

skill and to ob~
tain sccurste results. It is recommended that thermal con-
ductivities of b terials be determined by means
of the Guarded Hot Plate.! For determination of conduc-
tances, 8 Guarded Hot Box method!? is generally used

Conductivity of Homogeneous Materials
Thermal conductivity i3 a property of & h
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Fig. 2 .... Typica! Variation of Thermai Conductivity

with Mean Temperature

o those greater than the optimum moisture content; densi-
ties varied from a loosely-poured condition to the maximum
density obtainable by heavy ing. The general findi
of the investigation are as follows:

Effect of Temperature. Sox)s were tested at sevenl mean
temperatures. The degree of i of
upon whether it is above or below freesing. . For increases of

terial and of types of building materials suchnslnmber,
brick, and stone, which may be id

tent ding about 6 to 12 percent, the conduc-
tivity of frozen soll becomes progressively greater than that

A

Most insulati terials, except types, are of &
porous nature and consist of combinations of solid matter
with small voids. Such materials including fibrous, cellular,

far matter are lly known as mass or bulk in-
su!af.wns. The thermal conductivity of these materials will
vary with density; mean ternperature; size of vaids, fibers, or
particles; degree and extent of bond between partm)es mois-
ture present; and the arrangement of fibers or particles within
the material.

of the

Effect of Dmuty Densxty affects the thermal conductivity
of & s0il in about the same manner for all soils, at any moisture
content, and for either the frozen or unfrozen condition. On
the average, each one pound per cubic foot increase in dry
density inoreases the thermal conductivity by about 3 per-
cent.

Effect of Moisture. An increase m morstum content, up to
the point of causes an in thermal con-
ductivity. The rate of increase in typical sm!s was as follows:

-The eﬂect of densxty upon ivity (st mean

i ik d for two-fibrous materials in Fig. 1.
Typwal variation of conductivity with mean temperature is
shown in Fig. 2.

Thermal Conductivity of Soil

’I‘hefollowmg statemznwmbwedhrgelyonmﬂtsofa
study’ made in the Engineering Experiment Station, Uni-
versity of Minnesots, and published in Bullein No. 28.
Tests were made on nineteen different soils which represented
a wide textural variety, including gravel, sand, sandy loam.
gilt loam, and clay, 88 well as some crushed rocks and a fibrous
peat. Moisture contenta in tests varied from air-dried values
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.. Typical Variation of Thermal Conductivity with
Density—for Fibrous Material

Fig. 1..

tivities, in Btu per (square foot) (hour)
(Fahrenhext degree per inch), of four sands at a density of
110 1b per-cu ft were: 6.8 at 2.5 perceni moisture, 8.9 at 5
percent moisture, 11.2 at 10 percent moisture: Five soils of &
fine texture at a density of 100 Ib per cu ft, gave average con-
ductivities of 8.7 st 10 percent moisture, and 9.5 at 20 per-
cent. Thus, the doublmg of morsture oontent th.hm the ranges

cifed 1 the y by app tely 30 or 40
percent. At higher mok ot the p tag
would be less.

Effect of Soil. Characleristics. The thermal eonduchvlty of
the soil, at a given density and moisture content, varies in
general with
coarse-textured soils and relatively low for fi
The mineral oomposmon of the soxls also affects the conduc-
tmvlty Quam tends to give high values, wheress minerals such
, which are constituents
of' bmc rocks tend to give fow values of thermal conductivity.
‘These points are illustrated by the values in Table 1 which
lists soils in imate order of their magnitude
of thermal eonduchvxty irom g:reatat to least for seven dif-
ferent density ions. Some of the valyes
in this table hnve been determmzd by extrapolation and are
consequently approximate. Blank spaces in the table indicate:
that the density or moisture content, or both, are such that
no tests were possible for that condition or that no tests were
sufficiently close to permit a reasonable extrapolation of the
data. Granular soils, particularly those with high quarts con-
tents, head the tabulation or have the greatest conductivity

s e A

the texture of a soil, being relatively hxgh for .
soils.
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Determining Thermal Conductivity of Soils
from Density and Moisture Content

The importance of the effect of temperature of surrounding
surfaces on the surface conductance, due to the effect on radia-

o
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Table 1. ... Thermal Conductivity (k} Values of Soils in Approximate QOrder of Decreasing Values®
Macn Temperatore—A40 F
Mechanical Anolysis To by Weight Moisture Confest—3%
Grovel Sond EQ Goy N ] R
Seil Desia Ory Densily-lb par v 2
Over 05 0.005 1o Under
20mm | 2.00mm | 0.05mm [ 0.005mm | 100 | W0 J 120 | 90 | wo [ 90 | 100
) uarty . 0.0 100.0 0.0 I 0.0 12.0 | 16.0
g;‘;l;ﬁu::r& y i5.5 79.0 8.5 11.5 1160 | 2.0
Graded Oitawa Su:d. 0.0 %9 o1 1000 |1a0 |
Fairbanks Sand. 21.5 70.0 2.5 8.5+ 10.5 | 13.5 15.0
Lowell Sand....... 0.0 100.0 0.0 l 0.0 8.5 {11.0 13.5
; 0.0 19.4 0.6 9.0x 13.0
81‘::1::?‘;:1’ (;)’;'“ 25.8 70.3 4.2 6.0 7.5 9.5
rushed Granite.. 15.2 T7.0 8.8 5.5 7.5 | 10.0
Dakota Ssady Loam. 10.9 57.9 21.2 | 10.0 8.5 2.5 1321
-Crushed. Trap Rock.... 27.0 63.0 10.0 5.0 6.0 7.0
Ramsey Sandy Loam. 0.4 53.6 7.5 18.5 4.5 8.5 10.0
Nonhwny Fme Snnd. 0.0 7.0 3.0 0.0 4.5 1 55 8.5
Northway 3.0 97.0 6.0 00 | 451 60 7.5
Healy Clay...... 0.0 1.9 20.1 78.0 4.0 8.5 9.0+ 8.0 | 10.0
Fairbanks Sllt - 0.0 7.6 80.9 11.5 5.0 9.04] 7.5 | 10.0
ks Silty Clay Loam 0.0 9.2 63.8 27.0 5.0 8.0x{ 7.5 9.5
g:‘::’l::ay g:ltyla:lz 1.0 21.0 84.4 13.8 4.0) 7.0 6.0 7.0
T3 = Ba par (Squnce o) (hour) (Pebreaheit Gmgron per Fach).
s Y at a given condition. Sandy loam soils are midway in the fable
5 AN ISAT & CLAY SOILS] mdﬁnegrmnedsoﬂss\xchaschyandsﬂtluammlast
. ‘\ = N UNFROZEN Thermal C The four diag of Fig.
4 \.,\"\ y Sueprmentedwmdmtheestxmnteoﬂhethermaloon-
1] \ % ductivity of any soil. Two of the charts are for sands or sandy
: RN e soils, and two for silt and clay soils. Ozne of the diagrams for
< R Lol 1 au‘.htypeofamlsxslordxeftozen,mdtheothuiortheun—
2 \ \\p’& frozen condition. It is expected that these charts will give
2 K < - conductivity values with a precision of 25 percent. The effect
£ N e L of such factors as density, moisture content, freesing, or tex-
uorSTURE cf,‘:"m R Nt ture may be easily approximated by use of these grf\phs.
Specific Heat of Soils
13 Tests to determine specific heat were run on twelve soils.
g \\ N ‘M:;%Jz‘;,fo“ QOn five of the soils, tests were made at three or four mean
] WA * ‘temperatires varying from about 10 to 140 F. The specific
& N2, ‘ﬁe - heat values of all twelve soils varied-by only.a small amount
3 7K &t (about 0.01), and aversged 0.19 at 140 F. The specific heat
£ ”, values of the soils d d with & d in U
H \ e Y The average value at zero F would be about 0.16, Values at
3 A \, tempemt\mbetweenmmudlwl“mbeestmahedby‘
E N ]\j@ SR idering a straight-k ip bet the two values
. ) 26 30 ) given.
MOISTURE CONTENT ~ PERCENT
Surface Conductance
¥ L J The surface conductance of a wall is the combined heat
3 5“;‘:;;;’,’; St Suo { ‘::;’:,j;’;'f tansfer to or from the wall by radiation, convection, snd con-
§,..40 £ sdl 3 duction. Each of the three portions making up the total may
F \ \\ 4 W [ vary, independently of the others, thus affecting the total
7 AL 7 \;; ~¥. The beat transfer by radiation between two
R IRRADNGA E \\4; S~ rfaces is controlled by the character of the surfaces (emis-
" 1\ "N umE A sivity), the & ture difierence b them, and the
3 % oy & fo solidanglethmugh which theymeachother The heat
: (AN 2 ARGy . trensfer by and iled by the
W 20 E J 30 roughoess of the surface, by air movement and temperatare
MOISTURE CONTENT - PERCENT MOISTURE CONTENT - PERCENT dlﬁem& ‘ntw&‘.n the m an.d me Burfwe




