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SPECIFIC HEAT TESTS OH SOIIfl 

Miles S. KEHSTEN

Assistant Professor of Civil Engineering, University of Minnesota

SUMMARY

A method is described in detail for making specific heat testB on soils. The 
results of tests on twelve soils are presented and the following relationships 
found:
1) The specific heats of a veriety of soils are approximately equal.
2) The specific heat of soils vary with temperature.
3) The specific heat of soil-water mixtures may be computed by proportion.

INTRODUCTION.

As a part of a research program for de­
termining the thermal properties of soils be­
ing conducted at the University of Minnesota 
by the Engineering Experiment Station under a 
contract with the Corps of Engineers, Depart­
ment of the Army, a series of specific heat 
tests have been conducted on a number of dif­
ferent types of soils. These and additional 
tests are being made to aid in the interpreta­
tion of soil temperature data being collected 
in regions of permafrost and to furnish con­
stants needed in the design of structures to 
be built in such areas. The results should be 
of interest to anyone concerned with problems 
of heat flow in soils.

The specific heat of a substance is the 
ratio of its thermal capacity to that of water.

SOILS TESTED.

Twelve different soils have been tested; 
the grading and other physical characteristics 
are listed in Table I. The soils may be divid­
ed into three groups. Four are gravelly or 
sandy materials; Soils P4502 and P4503 are 
sands from Northway Airfield in Alaska and are 
composed largely of basalt or fine grained 
gabbro; Soil P4601 is a gravel from the Chena 
River at Fairbanks, Alaska, and Soil P4604 is 
a siliceous sand derived from a glacial out- 
wash deposit at Lowell, Massachusetts1 Two of 
the soils, P4-505 and P4602, are silt loams 
from Alaska; the other six soils are minerals 
or crushed rocks. P4601 and P4602 are Ottawa 
Sands (quartz) from Illinois, P4603 a quartz 
from South Dakota, P4604 a trap rock (basalt) 
from Wisconsin, P4605 a potash feldspar from 
South Dakota, and P4606 a Minnesota granite.

TEST EQUIPMENT AND PROCEDURES.

It was desired to conduct the specific 
heat tests by as sinple a method as possible 
and to use readily available laboratory equip­
ment rather than to construct special appara­
tus. Essentially, the apparatus consisted of 
the following:
1) A copper calorimeter, equipped with an 

electrically driven stirrer;
2) Thermometers, one calibrated to 0.02° C;
3) Small metal dippers, about 1£ inches in 

diameter by 6 inches in depth, with tight
rubber stoppers;
4) A steam bath;
5) Two temperature controlled water and alco­

hol baths, one at approximately 130° F,and

Steam bath and calorimeter for 
specific heat tests.

FIG .1

Calorimeter with top off. soil dipper at right.

F I G . 2
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T A BLE I  

S o i l s  T e s t e d

M echan ica l A n a ly s is  x) P h y s ic a l C onstan ts

S o i l
No.

S o i l
D e s ig n a tio n G rave l 

Over 
6.60 xa)

Course Sand 
0 .84 to  

6.60

Medium F in e  Sand 
Sand O.05 to  

0.177 0.177 
to  0.04

S i l t  
O.OO5 

to  O.O5

C lay
Under
O.OO5

L iq u id
L im it

P la s t i c -  S p e c i f ic  
i t y  G rav ity  

Index

T e x tu ra l 
C la ss  xb)

pj+502 Northway F in e  
Sand

0.0 0.5 43.5 53.0 3 .0 0.0 — N .P .x c )  2.76 F in e  Sand

PA-503 Northway Sand 1.6 5.4 86,0 7 .0 0.0 0.0 — N .P . 2.74 Medium Sand

P4505 Northway S i l t  
Loam

0.0 1.0 2.0 19 .O 64.4 I 3.6 27.3 N .P . 2.70 S i l t  Loam

P4601 Chena R iv e r
G rave l

56.0 26 .0 14.0 3 .4 -0 .6 - — N .P . 2.70 G rave l

P4602 Fa irb anks  S i l t  
Loam 0.0 0.1 0.5 7.0 80.9 11.5 34.O N .P . 2.70 S i l t  Loam

P4604 L o w e ll Sand 0 .0 14.0 80.0 6.0 0 .0 0 .0 — N .P . 2.67 Medium Sand

P4701 Graded Ottawa 
Sand 0.0 0.0 98.3 1.6 -0 .1 - __ N .P . 2.65 Medium Sand

P4702
I

20-30 Ottawa 
Sand 0.0 0.0 100.0 0 .0 0 .0 0 .0 __ N .P . 2.65 Coarse Sand

P470J Crushed Quartz 0.0 44.5 3 7 .3 12.7 -5 -5 - — N .P . 2.65 Coarse Sand

P4704 Crushed Trap Hock 0 .0 59.0 24.2 6.8 - 1 0 . 0 - — N .P . 2.97 Coarse Sand

P4705 Crushed F e ld sp a r 0 .0 5I .8 34.2 9.8 -4 .2 - — N .P . 2.56 Coarse Sand

P4706 Crushed G ran ite 0 .0 47.8 32.4 I 3 . 0 —6.8— — N.P. 2.67 Coarse Sand

x) A v ia t io n  Eng ineers  Method, Manual TM5-255 xb) D. S. Bureau o f  Chem istry and S o i ls

xa) S i ze in  m il l im e te r s . xc) H .P . = N o n -p la s t ic

on e a t  a p p r o x i m a t e l y  - 4 0 ° F ;
6 ) M i s c e l l a n e o u s  s c a l e s ,  o v e n s ,  e t c .

F i g u r e s  1 an d  2 i l l u s t r a t e  some o f  t h e  
a p p a r a t u s .  Th e c a l o r i m e t e r  h ad  a  c a p a c i t y  o f  
ab o u t  2 ,5 0 0  m i s .  Th e j a c k e t  c o n s i s t e d  m a i n l y  
o f  a  co m p ar t m en t  f i l l e d  w i t h  w a t e r  an d  i n s u ­
l a t e d  o n  t h e  o u t s i d e ;  t h e  c o v e r  w as m ade o f  
¿- i n c h  p l y w o o d .

Se v e r a l  d i f f e r e n t  v a r i a t i o n s  o f  t e s t  p r o ­
c e d u r e  w er e  u s e d  f o r  d i f f e r e n t  p a r t s  o f  t h e  
t e s t  p r o g r am . E s s e n t i a l l y ,  a l l  m et h o d s w er e  
s i m i l a r ;  t h e  b a s i c  sch em e w as as  f o l l o w s :

The s o i l  t o  b e t e s t e d  w as f i r s t  o ven -  
d r i e d  a t  2 2 0 ° F an d  c o o l e d  t o  room  t e m p e r a ­
t u r e  i n  a  d e s s i c a t o r .  A k n ow n  w e i g h t  o f  w a t e r  
w as p l a c e d  i n  t h e  c a l o r i m e t e r  an d  i t s  t em p e ­
r a t u r e  m easu r ed .  A k n ow n  w e i g h t  o f  s o i l  i n  a  
d i p p e r  w as h e a t e d  ( o r  c o o l e d )  i n  a  b a t h  t o  a  
t e m p e r a t u r e  d i f f e r e n t  f r o m  t h a t  o f  t h e  w a t e r  
i n  t h e  c a l o r i m e t e r  an d  w as t h e n  s u d d e n l y  t a k ­
en  f r o m  i t s  b a t h  an d  p o u r e d  i n t o  t h e  w a t e r  i n  
t h e  c a l o r i m e t e r .  Th e t e m p e r a t u r e  ch an g e o f  
t h e  w a t e r  w as n o t e d  an d ,  b y  a  s e r i e s  o f  h e a t  
b a l a n c e  c a l c u l a t i o n s ,  t h e  s p e c i f i c  h e a t  o f  
t h e  s o i l  w as d e t e u n i n e d .

I n  o r d e r  t o  o b t a i n  s p e c i f i c  h e a t  v a l u e s  
f o r  d i f f e r e n t  m ean t e m p e r a t u r e s ,  t h e  s o i l  was 
b r o u g h t  t o  d i f f e r e n t  t e m p e r a t u r e s  b e f o r e  b e ­
i n g  p o u r e d  i n t o  t h e  c a l o r i m e t e r ,  w h i c h  w as  

o r d i n a r i l y  su ch  t h a t  t h e  f i n a l  t e m p e r a t u r e  
w o u ld  b e c l o s e  t o  room  t e m p e r a t u r e .  H e a t i n g  
t h e  s o i l  i n  a s t eam  b a t h  a t  ab o u t  2 1 2 ° F g ave  
a r e s u l t a n t  m ean  t e m p e r a t u r e  o f  t e s t  o f  ab o u t  
1400. Th e 1 3 0 °- b a t h  g ave  a  m ean t e m p e r a t u r e  o f  
a p p r o x i m a t e l y  1 0 0 °;  t h e  - 4 0 0 _b a t h ,  ab o u t  1 5 °.  
S o i l s  a t  room  t e m p e r a t u r e  ad d ed  t o  w a t e r  b e l o w  
room  t e m p e r a t u r e  g ave  a  m ean o f  ab o u t  6 5 °.

I t  w as r e c o g n i z e d  a t  t h e  s t a r t  o f  t h e  sp e ­
c i f i c  h e a t  t e s t s  t h a t  t h e  r e s u l t s  w o u ld  b e a f ­
f e c t e d  b y  t h e  h e a t  o f  w e t t i n g  o f  t h e  s o i l s .  I f  
a  d r y  s o i l  a t  a  g i v e n  t e m p e r a t u r e  i s  p l a c e d  i n ­
t o  w a t e r  h a v i n g  t h e  sam e t e m p e r a t u r e ,  h e a t  i s  
e v o l v e d  an d  c a u s e s  a  r i s e  i n  t e m p e r a t u r e .  T h i s  
v a l u e  m u st  b e  k n o w n  i n  o r d e r  t o  c a l c u l a t e  t h e  
t r u e  s p e c i f i c  h e a t .  The m et h o d  o f  d e t e r m i n i n g

t h e  h e a t  o f  w e t t i n g  o f  t h e  s o i l s  w as ab o u t  t h e  
sam e a s  f o r  t h e  s p e c i f i c  h e a t  d e t e r m i n a t i o n , e x ­
c e p t  t h a t  t h e  t e m p e r a t u r e  o f  t h e  d r y  s o i l  sam ­
p l e  w as m ade t o  c o n f o r m  as  c l o s e l y  as  p o s s i b l e  
t o  t h a t  o f  t h e  w a t e r  i n  t h e  c a l o r i m e t e r .  Upon  
t h e  a d d i t i o n  o f  t h e  s o i l  t o  t h e  w a t e r ,  t h e  r i s e  
i n  t e m p e r a t u r e  w as n o t e d .  An y ch an g e n o t  ac ­
c o u n t e d  f o r  b y  a  c o o l i n g  o f  t h e  s o i l  (. t h e  s o i l  
w as o c c a s i o n a l l y  a  d e g r e e  o r  so  d i f f e r e n t  f r o m  
t h a t  o f  t h e  w a t e r )  w as t h e  r e s u l t  o f  t h e  h e a t  
o f  w e t t i n g .

Th e c a l c u l a t i o n  o f  t h e  s p e c i f i c  h e a t  r e ­
q u i r e d  t h e  d e t e r m i n a t i o n  o f  t h r e e  t e m p e r a t u r e s :  
T ^ , t h e  i n i t i a l  t e m p e r a t u r e ,  o r  t h a t  o f  t h e  w a­
t e r  i n  t h e  c a l o r i m e t e r  b e f o r e  a d d i t i o n  o f  t h e  
s o i l ;  T a , t h e  s o i l  t e m p e r a t u r e  b e f o r e  i t s  b e ­
i n g  p o u r e d  i n t o  t h e  c a l o r i m e t e r ;  an d  T f , t h e  
f i n a l  t e m p e r a t u r e  o f  t h e  m i x t u r e .  T s  w as o r d i ­

n a r i l y  d e t e r m i n e d  b y  r e a d i n g s  o f  t h e  t h erm o m e ­
t e r s  i n s e r t e d  i n  t h e  s o i l  d i p p e r s .  I n  t h e  c a s e  
o f  sam p les  i n  t h e  s t eam  b a t h ,  t h i s  r e c o r d e d  
t e m p e r a t u r e  w as c h e c k e d  a g a i n s t  t h e  b o i l i n g  
p o i n t ,  co m p u t ed  f r o m  a  c o r r e c t e d  b a r o m e t r i c  
r e a d i n g .

T j  an d  T f , t h e  i n i t i a l  an d  f i n a l  t e m p e r a ­
t u r e s  i n  t h e  c a l o r i m e t e r ,  w e r e  d e t e r m i n e d  b y  a  
s e r i e s  o f  t e m p e r a t u r e  r e a d i n g s  t a k e n  f r o m  
a b o u t  12  m i n u t e s  b e f o r e  t h e  a d d i t i o n  o f  t h e  
s o i l  an d  u p  t o  4 5  m i n u t e s  a f t e r  t h e  a d d i t i o n .  
Th e r e s u l t a n t  t e m p e r a t u r e  ch an g e c u r v e  w as an a ­
l y z e d  i n  o r d e r  t o  o b t a i n  t h e  t e m p e r a t u r e  o f  t h e  
w a t e r  j u s t  b e f o r e  t h e  s o i l  a d d i t i o n  an d  t h a t  
w h i c h  w o u ld  r e s u l t  i f  t h e  t e m p e r a t u r e  r i s e  o c ­

c u r r e d  i n s t a n t a n e o u s l y  b y  a m et h o d  m ak in g  u se  
o f  N e w t o n 's  l a w  o f  c o o l i n g ,  an d  a l s o  b y  an  ap ­

p r o x i m a t e  m et h o d  s i m i l a r  t o  t h a t  so m et im es em­
p l o y e d  i n  t h e  u s e  o f  a  bomb c a l o r i m e t e r .

Th e s p e c i f i c  h e a t ,  u n c o r r e c t e d  f o r  h e a t  
o f  w e t t i n g ,  m ay b e  c a l c u l a t e d  b y  t h e  e q u a t i o n

(Ww + E )  (T f  -  T1 )  -  Ws ( S )  (T s  -  T f )  

i n  w h i c h
Ww » w e i g h t  o f  w a t e r  i n  c a l o r i m e t e r , g r a m s

E » w a t e r  e q u i v a l e n t  o f  a p p a r a t u s ,  g ram s



1 6 0

Y/s = w e i g h t  o f  s o i l ,  g ram s

S = s p e c i f i c  h e a t  o f  s o i l

an d  t h e  T v a l u e s  a r e  as  p r e v i o u s l y  s t a t e d .
T a k i n g  i n t o  c o n s i d e r a t i o n  t h e  h e a t  o f  w et ­

t i n g ,  t h e  ab o ve e q u a t i o n  w o u ld  b e w r i t t e n

(Ww + E )  (T f  -  T i ) » Wg ( S )  (T s  -  Tf )  + Ws (H )

i n  w h i c h
H = h e a t  o f  w e t t i n g  o f  s o i l ,  c a l o r i e s  p e r  g ram . 

T h en ,
(Ww + E )  (T f  -  T j_) H

W (T  -  Tf ) (T  -  Tf )
s

RESU LT S.

The r e s u l t s  o f  s p e c i f i c  h e a t  t e s t s  on  d r y  
s o i l s  a r e  t a b u l a t e d  i n  T a b l e  I I .  Ea c h  r e s u l t  
g i v e n  i s  an  a v e r a g e  o f  f r o m  t h r e e  t o  s i x  t e s t s .

Si n c e  a l l  o f  t h e  s o i l s  w er e t e s t e d  a t  a  
common m ean t e m p e r a t u r e  o f  a p p r o x i m a t e l y  1 4 0 °
F ,  t h e  s p e c i f i c  h e a t  v a l u e s  a t  t h a t  t e m p e r a ­
t u r e  m ay b e o b s e r v e d  f o r  a c o m p a r i s o n  o f  t h e  
v a r i o u s  s o i l s .  I t  w i l l  b e n o t e d  t h a t  a l l  o f  
t h e  v a l u e s  a r e  w i t h i n  a  r e m a r k a b l y  s m a l l  r a n g e ;  
N o r t h w ay  F i n e  San d  h as  t h e  l a r g e s t  v a l u e ,  0 .1 9 7 *  
an d  L o w e l l  San d  t h e  s m a l l e s t ,  0 .1 8 8 .  Th e a v e r ­
ag e i s  0 .1 9 2 .  The a v e r a g e  v a l u e s  f o r  t h e  t h r e e  
q u a r t z  s o i l s — P4 7 0 1 , P4 7 0 2 , an d  P4 7 0 3 - -  a t  
1 4 0 ° a r e  r e m a r k a b l y  c l o s e .  T h u s ,  t h e  d i f f e r ­

e n c e s  i n  g r a d i n g  an d  p a r t i c l e  sh ap e (t w o  a r e  
r o u n d ed  s a n d s ,  t h e  o t h e r  an  a n g u l a r  c r u s h e d  
m a t e r i a l )  h av e  n o  a p p a r e n t  e f f e c t .  Th e f o u r  
c r u s h e d  r o c k  m a t e r i a l s —  q u a r t z ,  t r a p  r o c k ,  
f e l d s p a r ,  an d  g r a n i t e — a r e  w i t h i n  a  r a n g e  o f  
f r o m  0 .1 8 9  t o  0 .1 9 3 .  T h e r e f o r e , t h e  t e s t s  do 
n o t  sh ow  an y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
s p e c i f i c  h e a t  o f  t h e  common s o i l s  an d  c r u s h e d  

r o c k s  t e s t e d .
S p e c i f i c  h e a t  t e s t s  w er e  m ade a t  t h r e e  

m ean  t e m p e r a t u r e s  on  f i v e  s o i l s  an d  a t  f o u r  on  
a n o t h e r .  A l l  o f  t h e s e  t e s t s  sh ow  an  i n c r e a s e  
i n  s p e c i f i c  h e a t  f o r  an  i n c r e a s e  i n  t e m p e r a ­
t u r e .  The r e l a t i o n s h i p  h as  b e e n  a p p r o x i m a t e d  
a s  a s t r a i g h t  l i n e  f o r  a l l  o f  t h e  s o i l s .  F i g ­
u r e  3 sh o w s t h e  c u r v e  f o r  one o f  t h e  s o i l s ,  
an d  i n  F i g u r e  4  t h e  c u r v e s  f o r  a l l  s i x  s o i l s  
h av e  b een  r e p r o d u c e d  w i t h o u t  t h e  i n d i v i d u a l  
t e s t  p o i n t s .  A s c a n  b e s e e n ,  t h e s e  c u r v e s  a r e  
q u i t e  s i m i l a r .  Th e a v e r a g e  s p e c i f i c  h e a t  r a n g ­
e s  f r o m  0 .1 9  a t  1 4 0 ° F t o  0 .1 6  a t  0 ° F ,  o r  ap ­
p r o x i m a t e l y  e q u i v a l e n t  t o  an  1 1  p e r  c e n t  d e ­
c r e a s e  f o r  a  1 0 0 ° F d r o p  i n  t e m p e r a t u r e .

S p e c i f i c  h e a t  t e s t s  w er e  m ade o n  one s o i l ,  
P4 7 0 1 , Gr ad ed  O t t aw a  San d ,  w i t h  a  v a r i e t y  o f  
m o i s t u r e  c o n t e n t s .  T h i s  s t u d y  i n t r o d u c e d  some 
d i f f i c u l t i e s  n o t  e n c o u n t e r e d  i n  t h e  t e s t s  on  
d r y  s o i l s .  Fo r  ex am p le ,  i t  w as d i f f i c u l t  t o  
p o u r  t h e  damp s o i l s  o u t  o f  t h e  d i p p e r s  i n t o  
t h e  c a l o r i m e t e r .  Th e r e s u l t s  o f  t h e s e  t e s t s ,  
c o r r e c t e d  t o  a  common m ean t e m p e r a t u r e ,  a r e

TABLE I I

A v e r a g e  s p e c i f i c  h e a t  v a l u e s — D r y  s o i l s

S o i l

N o .
S o i l

D e s i g n a t i o n
Mean T em p er a t u r e  

D eg . F
Sp e c i f i c

H ea t

P4- 502 N o r t h w ay  Fi n e  San d 1 4 1 .8 0 .1 9 7

P4 5 0 3 N o r t h w ay  San d 1 9 .9 0 .1 7 1
6 5 - 7 0 .1 8 5

1 4 0 .2 0.191

P4 5 0 5 N o r t h w ay  S i l t  Loam 1 3 .3 0 .1 6 8

6 8 .7 0 .1 7 6

1 4 0 .7 0 .1 9 3

P4- 601 Ch en a R i v e r  G r a v e l 1 4 1 .8 0 .1 9 4
(Pa s s i n g  N o . 4 )
(Pa s s i n g  3 / 4  i n c h , 1 4 0 .7 0 .1 9 6
r e t a i n e d  N o . 4 )

P4 6 0 2 Fa i r b a n k s  S i l t  Loam 1 6 .9 0 .1 6 4
6 5 .8 0 .1 8 3

1 4 2 .3 0 .1 9 4

P4 6 0 4 L o w e l l  San d 1 4 .9 0 .1 5 9
6 7 .5 0 .1 8 8

1 4 1 .6 0 .1 8 8

P4 7 0 1 Gr ad ed  O t t aw a San d 1 4 .9 0 .1 5 7
6 5 .3 0 .1 6 4

9 9 .7 0 .1 7 6
1 4 0 .5 0 .1 8 9

P4 7 0 2 2 0 - 3 0  O t t aw a  San d 9 9 .9 0 .1 8 3
1 3 9 - 8 0 .1 8 9

P4 7 0 3 Cr u sh ed  Q u ar t z 1 4 1 .6 0.190
P4 7 0 4 Cr u sh ed  T r ap  Ro ck 1 3 9 .8 0 .1 9 3

P4 7 0 5 Cr u sh ed  Fe l d s p a r 1 3 8 .7 0 .1 9 0

P4 7 0 6 Cu r sh ed  G r a n i t e 8 .1 0 .1 6 1

6 6 .9 0 .1 7 4
1 4 1 .6 0 .1 8 9



1 6 1

V a r i a t i o n  o f  s p e c i f i c  h e a t  w i t h  m ean t e m p e r a t u r e .  
S o i l  P 4701  g r ad ed  O t t o w a san d .

F IG . 3

V a r i a t i o n  o f  s p e c i f i c  h e a t  w i t h  mean t e m p e r a t u r e  
C u r v es  f o r  s i x  s o i l s .

FIG.4

g i v e n  i n  T a b l e  I I I  5 t h e  c o r r e c t i o n s  f o r  m ean  
t e m p e r a t u r e  w er e  m ade b y  m ean s o f  t h e  r e l a t i o n ­
s h i p  sh o w n  i n  F i g u r e  3 . I f  i t  i s  assu m ed  t h a t  
t h e  s p e c i f i c  h e a t  o f  a  s o i l - w a t e r  m i x t u r e  i s  
p r o p o r t i o n a l  t o  t h e  p e r c e n t a g e s  b y  w e i g h t  o f  
t h e  t w o  co m p o n en t s an d  t h e i r  r e s p e c t i v e  sp e ­

c i f i c  h e a t s ,  on e m ay w r i t e

S p e c i f i c  H e a t ,  m i x t u r e »

( 100 x  So e c .  H e a t . So i l )+ (M o l s t u r e  C o n t e n t  x l .OO) 
100 + M o i s t u r e  Co n t en t

t h e  m o i s t u r e  c o n t e n t  b e i n g  e x p r e s s e d  as  a  p e r ­
c e n t a g e  o f  t h e  d r y  w e i g h t  o f  t h e  s o i l .  The 
v a l u e s  o f  T a b l e  I I I  h av e  b een  p l o t t e d  i n  F i g ­
u r e  5 1 t o g e t h e r  w i t h  a  t h e o r e t i c a l  c u r v e  c a l ­
c u l a t e d  b y  t h e  ab o ve e q u a t i o n  w i t h  a  s p e c i f i c  
h e a t  o f  0.170  a t  0.0 p e r  c e n t  m o i s t u r e  co n t en t .

I n s p e c t i o n  o f  t h i s  c u r v e  sh o w s a  f a i r l y  c l o s e  
ag r eem en t  b e t w een  t h e  i n d i v i d u a l  t e s t  p o i n t s  
an d  t h e  t h e o r e t i c a l  c u r v e ,  a l t h o u g h  som e v a ­
r i a t i o n s  a r e  t o  b e e x p e c t e d  d u e t o  t e s t  d i f f i ­
c u l t i e s  w i t h  m o i s t  s o i l s .  The t e s t s  a t  1 0  p e r  
c e n t  m o i s t u r e  c o n t e n t  w er e  p a r t i c u l a r l y  d i f f i ­

c u l t ,  an d  t h i s  p r o b a b l y  a c c o u n t s  f o r  t h e  p o o r  
c o r r e l a t i o n  a t  t h a t  p o i n t .  Th e t e s t s  w i t h  r e s ­
p e c t  t o  t h i s  o n e s o i l  i n d i c a t e  t h a t  o n e m ay 
c a l c u l a t e  t h e  s p e c i f i c  h e a t  o f  s o i l - w a t e r  m ix ­
t u r e s  a c c o r d i n g  t o  t h e  p r o p o r t i o n  b y  w e i g h t  
o f  t h e  t w o  co m p o n en t s an d  t h e i r  r e s p e c t i v e  
s p e c i f i c  h e a t s .

Th e h e a t  o f  w e t t i n g  v a l u e s  d e t e r m i n e d  
f o r  t h e  12 s o i l s  v a r i e d  f r o m  0.0 f o r  t h e  c o a r s ­
e r  g r a i n e d  m a t e r i a l s  t o  as  h i g h  as  2.6  an d
2.2 c a l o r i e s  p e r  g ram  f o r  t h e  t w o  s i l t  l o am s ,  
r e s p e c t i v e l y .  V a l u e s  s u c h  a s  t h o s e  f o r  t h e  
s i l t y  s o i l s  w er e  f o u n d  t o  m ak e a  c o n s i d e r a b l e  
d i f f e r e n c e  i n  t h e  f i n a l  s p e c i f i c  h e a t  v a l u e s  
an d  m u st  t h e r e f o r e  b e c o n s i d e r e d  i n  t h e  c a l ­

c u l a t i o n s .  I n  t e s t s  o n  t h e  s i l t  l o am s a t  a  
14- 0° m ean t e m p e r a t u r e ,  f o r  ex am p le ,  a  s p e c i f ­
i c  h e a t  o f  ab o u t  0.23 w o u ld  h av e  b e e n  o b t a i n ­
e d  r a t h e r  t h a n  0. 19 , i f  t h i s  f a c t o r  h ad  b een  
i g n o r e d .

TA BLE I I I

S p e c i f i c  h e a t  o f  m o i s t  s o i l s .  V a l u e s  r e d u c e d  
t o  common m ean t e m p e r a t u r e  o f  7 0 ° i?
S o i l  P 4 7 0 1 , Gr ad ed  O t t a w a  Sa n d .

M o i s t u r e  C o n t e n t  
Pe r  Cen t

S p e c i f i c  H e a t  
a t  7 0 ° F

1 .7 8 0 .1 8 4
1 .8 5 0 .1 8 0
1 .9 2 0 .1 8 0

1 .9 7 0 .1 7 1
2 .0 6 0 .1 9 6
4 .7 0.221
4 . 8 0 .2 1 4

4 . 9 0 .1 9 9
5 .2 0 .2 2 6
5 . 4 0 .2 0 4
9 .4 0 .2 1 8

10.2 0 .2 3 2
1 0 .4 0 .2 0 8
1 8 .7 0.298
1 9 .1 0.296
1 9 .2 0 .2 9 9
30.1 0 .3 7 4
4 9 .8 0 .4 6 3
7 5 .8 0 .5 4 1
7 8 .7 0 .5 4 0
9 9 .0 0 .5 9 5
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Belationship of specific heat of soil-water 
mixtures and moisture content.
Soil P 4701 graded Ottawa sand. Mean temperature 

700 F .

F IG .  5

CONCLUSIONS.

1. The specific heats of a variety of soils- 
(sands , silt loams, and crushed rocks)-dif- 
fer by only a small amount (about 0.01) and 
average 0.19 at 140° F.

2. Specific heat values of soil decrease with 
a decrease in temperature. In a temperature

range of from 140° to 15° F, the change amounts 
to approximately 11 per cent for a drop in 
temperature of 100° F .
3. Based on tests on just one soil, it may be 

stated that the specific heat of soil-wa­
ter mixtures may be calculated by proportion 
according to the percentage by weight of the 
two components and the respective specific 

heats. ^
4. In making specific heat tests by the ad­

dition of soil to water in a calorimeter,
the heat of wetting of the soils must be tak­
en into account in the calculations.
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APPARATTTS TfDT? MRAfiTTRTNft T'TTTSRMAT. CONDUCTIVITY OF SOIL 

MILES S. KERSTEN

Assistant Professor of Civil Engineering, University of Minnesota

GENERAL DISCUSSION

As a part of a comprehensive program of 
research on problems encountered in building 
structures, such as runways and buildings in 
arctic regions where a condition of permafrost, 
or permanently frozen ground, exists, the Uni­
versity of Minnesota, Engineering Experiment 
Station, under contract with the Corps of En­
gineers, Department of the Army, undertook a 
study of the thermal conductivity of soil.
Since soil is a material with properties en­
tirely different from those types of materials 
which had previously been subjected to thermal 
conductivity tests, such as building materials 
and insulation, an entirely new apparatus was 
designed and built for these tests. The appa­
ratus had now been in use for about two years, 
and since it is thought to be unique and pos­
sibly useful in other fields of research, it 
is described herein.

The design of the apparatus was patterned 
in part on the hot-plate equipment in use at 
the University of Minnesota for testing mate­
rials used in insulating buildings and in part 
on apparatus used by the U.S. Bureau of Recla­
mation for tests on concrete. The testing of 
soils called for a test chamber into which the 
material could be compacted to any desired den 
sity and at any selected moisture content. For 
this reason a tubelar type container was se­
lected.

Foij purposes of description, the appara­
tus may be divided into the following parts:

1) A tubelar soil container consisting of a 
central pipe containing heaters and an out­

side cold chamber, together with a refrigerat­
ed, insulated box to keep heat losses at a 
minimum;
2) A motor generator with an exciter and vol­

tage regulator for supplying power to the
heaters;
3) A condensing unit, cooling and mixing tanks, 

and circulation system for supplying alcohol
to the cold side of the soil container, with 
provision for controlling the alcohol tempera­
ture to attain the desired soil temperature on 
the cold face;
4) A system of power and temperature measure­

ment and control.
A general view of the test apparatus is 

shown in Figure 1. In the photograph the cool­
ing and mixing tanks are at the left front.
This was originally constructed for four soil 
containers, but only two have been built. The 
alcohol cooling tank is in the center, with two 
mixing tanks on the opposite sides. The condens­
ing unit for the main tank is at the right 
front. The soil containers are at the left be­
hind the tanks; one, with the insulated cover 
down, is behind the column. The operating 
table is in the back beyond the soil contain­
ers. At the right and beyond the condensing 
unit of the alcohol tank is a smaller condens­
ing unit for the soil containers. Beyond this 
is the motor generator unit and. against the 
wall are two photo-electric relay units.


