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SUBJECT INS'JLATION TO PREVENT GROUND FRE:Z Z::.:.'{G

The ground can be kent unfrozen all wi::.:..~e:: if it is covered, ..
at the end of the summer with a thick layer of straw {or other insulation).
This note gives a method of determining how much insulation is required.
It assumes that the straw-covered area is large encu~)l. that edge effects
can be neglected. This means that the cover must extend about 10 it
beyond the perimeter of the area that must be protected.

The other assumptions are:

l) .,c..t the time when the straw is a?plied the tey.c -,' ::.ture
of the ground is To at all de ~,ths a:::ld th2"~ Lc: ., ,).0 .."a-
ture of the air is also To at that time.

2) The ground is homogeneous wit~ a thermal conductiv::'ty
K soil and diffusivity asoil'

3} The straw cover has a known co::::luctivity, T:(- straw'
and a negligible heat storage capacity.

4) The straw remains dry so there is no latent heat
released as the 32°F isotherm penetrates into the
straw.

The variation in air temperature with time can be represented
as the sum of a series of ramp functions with different slopes and differer:..t
starting tim.es and with the same temperature datur...'1. For example, a ramp
with a slope of -20 of/month plus one starting 3 months later with a slope
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of +20 of/month is equivalent to a temperature curve that decrease~
linearly for 3 months and then remains constant thereafter. Since
the heat conduction equation is linear, the variation of the soil surface
temperature is just the sum of the effects caused by each component
of the air temperature acting independently.

The temperature, T s' at the surface of a semi-infinite solid
with a finite surface heat conductance h is given by

C 2
T s = To + 2" {F ('Y t)}

'Y

when T A = To + Ct, where T A is the air temperature.

Temperature at all depths in ground = T at t = 0
o

'Y =
h ~Ci 01

SOl

K 01
SOl

2 ''Y2 t 2 2 v.JT
F('Y t) = 1 -e eric 'Y.Jt + 'Y t - -"-..J-IT'

2 ° 2For values of'Y t less than 0.2 the functlOn F('Y t) is very well represented
by the simpler expression

Example:

T A drops 20 0 /month for 3 months, remains constant at
-20 of for 1 month, then rises at 20 0 /month.

Find the depth of straw needed to keep the soil surface temperature from
dropping below' 32 0 F.

K = 8 Btu/hr ft'l( ° F/in. )
soil

K = 0.5 Btu/hr f~( of/in.)
straw

2
Cisoil = 0.025 ft /hr
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( a) For 2-ft layer of straw

K
h

straw
, where 1. is the thickness of straw.= 1.

straw

/ =(~trawy a
soil

(1 straw)2sOlI

(~)
2

0.025 -6 -1
= x = 24.4 x 10 hr

8.0 (2.0)2

0.0176
-1

= :months

Ti:me
---7 0 1 2 3 6 7

Months
4 :>

T = Constant 40 40 40 40 40 40 40 40
0

Ra:mp 1 0 -20 -40 -60 -80 -100 -120 -140

e Ra:mp 2 0 0 0 0 20 40 60 80

Ra:mp 3 0 0 0 0 0 20 40 60

Su:m = T
A

40 20 0 -20 -20 0 20 40

The constant plus the three ra:mp fu...""lctions produce ::he required
ti:me variatio~ 0: the a:rnbient tem.perature !.A' Th: resu1t~ng surface
te:mperature is Just the su:m of the values tl1.a: woule. occur if each corn­
ponent of the a:mbient te:mperature acted independently.

The surface te:mperature resulting fro:m a ra:mp with slope
20 o /:month is given in the following table.
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2 -1
For y = 0.0176 months

t 2 2 20 r 2 ~

months " t
F{'f t) ? L? (" t)J..

~I.
0 .0000 .0000 0.00

1 .0176 . 00164 1. 86

2 .0352 .0044 5.00

3 .0527 .0078 8.87

4 .0703 .0118 13.42

5 .0879 .0163 18.54

6 .1055 .0197 22.41

7 • 1230 .0261 29.69

Soil Surface Temperature

Time
0 1 2 3 4

,..
6

Months -7 ;:)

T = Constant 40 40 40 40 <:0 40 40
0

Ramp 1 0 -1.86 -5.00 -8. 87 -13.-'1:2 -18. 54 -22.41

Ramp 2 0 0 0 0 +1.86 +5.00 +8. 87

Ramp 3 0 0 0 0 0 +1.86 .;.S. 00

Sum = T 40° 38.14° 35.00° 31.13° 28.44° 28.32° 31. 46 0

s
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(b) For 3 ft straw " . = 0.0078 months

Time 2 2 20
F(·/t)

Months " t
F(-y t)

2

"
0 0.0000 0.0000 0.00

1 0.0078 0.00050 1. 28

2 0.0156 0.00137 3. 51

3 0.0234 0.00245 6.28

4 0.0313 0.0037 9'". "'-..::;

5 0.0391 0.0051 13.08

6 0.0469 0.0066 16.92

7 0.0547 0.0083 21.28

Soil Surface Temperature

Time
Months

o 1 2 3 4 5 6

T = Constant
o
Ramp 1

Ramp 2

Ramp 3

Sum = T
s

40 40 40 40 40 40 40

0.00 -1. 28 -3.51 -6.28 -9.49 -13.08 -16.92

0 0 0 0 +1.28 +3.51 +6.23

0 0 0 0 0 +1. 28 "'" ,.....,.+..). :),l.

40" 38.72° 36.49° 33.72" 31. 79 0 31. 71 " 32. 87 \of

Ie
I

These results indicate that just ove:;:- 3 it of straw would be enough
to keep the ground surface from freezing if the minimum mean monthly
temperature is -20 OF and the ground is at +Lj:O OF whe::. the str2..W is spread.
The thickness of the insulation needed depends on the . ::rmal properties
of the soil as well as on the conductivity of the insulation. The more
general conclusion to be drawn from the example is that the parameter,
,,2 should be not more than 0.0078 months-I, (i. e., 1.1 x 10- 5 hr- 1).
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Another generalization can be made. The insulation should
be applied when the heat content of the gro und is at its annual maximum.
This is usually the 1atte17 part of August. If the insulation is applied
this early the To will usually be greater than the 40°F assumed in the
example. In fact, 2 ft of straw applied at the end of August would
probably be adequate to keep the ground unfrozen in those parts of
Canada where the minimum mean monthly temperature is the order
of -20°F.


