

































































Pare h.b.

(L)

_D_ofoo of Saturation, The degrve of saturation of the

base and subgrade materials during the normal, freezing,
and frost melting poriods was computed from the density,
water content and specific gravity of the various mat-
erials, Variations in the degree of saturation during
these periods arc shown in Figure 9 on Plates 3 to 8
inclusive, Tho average degree¢ of saturaticn of the base
and subgrade ma terials for the various testing periods

is summarized in Table 1,

ce Tosts for Temperaturee Air temperature measurements were

made or obtained at all airfields investigated. A4t 19 test areas measure=-

ments of subsurface temperature were made.

CuPe

(1) Air Temperaturcs., The air temperatures were obtained

(2)

from either the ncarest U, S, licather Bureau Station
or the A.h.F. Weather Officer at the airficld. At some
airficlds, these were supplemented by UsS.EeDe thermo-
graphs, locatod et the test areas. Air temperature
data in the form of degrec day curves are shown 1;:
Figure 1 on i’lates 3 to 8 inclusive, for tho normal
winter, winter of 1945-46, and where awveilable, for the
winter of 19ulLi=45¢ The normal freezing index, the
froozing index for 1945-U46, and the percentage above or
belew normal for 19L5-L6 are included in Table 1,

Subsurface Temperatures. Subsurface temperatures were

measured by two metheds: coppereconstantun thormo-

couples and glass bulb thoermometers. The thermocouples
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wore embedded in the pavement and the soil bencath pave=
ment or turf at varicus depths up to cighf_ feoet; the
temperaturcs were rcad directly from potontiometer type
instruments, Jartial immersicn thermometers were suse
pended in appreximatoly taroc inches of antifreeze cone
tained in "Saran" pipes which wero installed in thormo=
moter wells excavated to wvaricus dopthse A complete de=
scription of temperature measuring installatiens and
measurements is presented in the appendices. The fol-
lowing table indicates the test arcas at the various
airfields in which thermocouple and thermometer in-

stallations woere mades

[ AIRFIELD TTEST AREA
' nous Concretve t oo cncrete
Dowe The rmocouple and Thormometer | Thermooouplo and Thormomoter
Prosque Isle* | Thermocouple and The momter | Thermcecuple cnd Thermometer
l Bedford ! ‘Fhe rmome ter ' Thermoecuple and Thermometer
Truax Thermome ter i Thermomoter
Fierrc*» Thermocouple and Thomomtor, Thermocouple and Thermometor
Sicux Falls The rmocauple and Themometor The rmometer
liatertown ! Thormoccuple and Tho rmometer The rmocouple
Fargo Tho rmometer ;
Great Bond | The rmometer

#The mocouples and thermemeters were also installed in Turf areas.
#sThermocouples were also installed in a special test boxe

C.F

The subsurfacc temperaturos obtazined by thermocouple

and thermomoter installations were compared to detormine
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readings and the frost penetration obtained by cbservations in test pits,

Studies of Soil Proporties Influemaing Freezing. The

principal soil properties influencing freezing are: thermal conductivity,
latent heat, volumetric heat, and froezing temperatures of soil moisture,
The following paragraphs present the information and data obtained to date
regarding these several properties,

(1) Laboratory Studios of Thormal Conductivity. Tests for

thermal conducti vity were continued as performed during
tho 19L4=19L5 Frost Investigation. Tho tests doseribed
in "Roport on Laboratory Tests on Frost Penetration and

Thermal Conductivity of Cohesionless Soils", Paragraph

7, pages 10-15, Appendix 13 of the 19441945 Compre-

hensive Report, pertain to matcrial tested in the une

frozon states. During tho 1945-1946 Frost Investigation,

tosts were made on similar materials in the frozen
stato,

(a) The investigations were performed in the soils

laboratery cold room at Harvard University Graduate
School of Engineering, Cambridge, Mass. The cold
room could be regulated to any air tomper;atm be~
tween 30° F. and 50° F. and the temporature in the
air space above the drawers in a freezing cabinet
could be regulated to any temperature from that

of cold room to minus 10°F., The materials’ tested
for thermal conductivity in the frozon state cone
sisted of sand, sand and gravel, cinders, slag,

and crushed rocks Thesc materials are non-frost
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SIECIFIC HEAT S.ECIFIC HEAT
MATE T AL BTU/(1b)(°F) MATERIAL BTU/(1b)(°F)
Asbostos 0.195 Dclomito 0,222
Baselt 0420 Gneiss 0,18
Calespar 0.200 Hernblonde 0.195
Cement 0.20 Kaolin 0.22L
Chalk 0.214 Humus (soil) 0.LL
Clay, dry 0.22 Salt, Reck 0.21
Granite 0.192 Sand 0,195
Marble 0.21 8andstone 0022
Mica 0,206 Serpentine 0.25
Quartz 0,188 Tale 0,209
Cindcrs 0.18

Avorago vuluos for the specific heat of icc amd
wator of 05 azd 1,0 BTU/(lb.)(°F.) rospoctively, have
beon uscd in this roport,

Whore thorc are soveral layers at different wnit dry
woights and water contents, the follewing oquation may
be uscud to dotermine an aversge value for volumetric

hol.t.

o3 %141 +02 dg fez3d3 4400 0pdy
G+ ey

whore
C1s O ote., are volumetric heats in frozen or une

frozen state for layers.

-~
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dy, dp, etce, are thicknessos in foet of layers 1, 2,
etes., to a total depth of fifteen feet,
¢ is the weighted average volumetric heat in BTU/
(cu.ft.)(°F)e

When the soil is fully saturated, the volumetric
heat of unfrozen scil is nearly constant, verying from
40 to LS BTU/(cuefts)(°F) for reasonable limits of unit
dry weight and for frozen soil it may be considered
constant at approximatcly 33 BTU/(cu.fts)(°F).

(4) Freezing Temperaturc of Scil Moistures For

computing the freezing index and for mathematical
studies, the assumption is ma@c that t he freezing
tomporature of scil meisturc is 32° F, This assumption
is open to question, considerin; the tests made by
varicus investi_ators,to deteminc the froozing tempera=
turc c¢f scil meisturcs Beuyoucos (1) found that, co=-
hesionless soils eculd be super-cocleod without agita=
tion to a temperature of 24.4° F; cchesive scils to
23° F before they froze; distilled water to 2142° F
bofore it frozo; and by constant agitation soil could
b ccoled to abcut 30.2° F boforc it frozo.

The Bursau of fuwblic @cads (2) has performed tosts
to doetermine tho freczing point of soil moisture in
fire grained scilss Their cxperimonts led tc the cone

clusion that tho froozing temperature ¢ fine :reined

(1) Bouycucos, Ge "Degrec of Temporaturc tc which Soils Can Be Cooled Vilthe
out Freezinz". Jourmal of Agricultural Izsearch, November 1920,

(2) #ublic moads, Fob. 1925;"Icrecntuze of tater Frcezable in Scils™e

~ -
ses e














































































































































































































































































































































































































