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PREFACE -- 

The Division of Building Research of the National 
Research Council is keenly interested in permafrost re- 
search, having now its own Permafrost Research Station 
at Nornian VEella, hT.VJ.T. Contact is maintained with the 
Snow, Ice and Perm~frost Research Establishment of the 
U. S. Department of Defence in connection with this work 
and allied snow and ice research. 

Through this liaison, it was possible for officers 
of the Division to meet again mli th Dr. U, Nakaya of Japan, 
v!ho is spending some time as a guest worker with SIPRE. It 
was thus found that Dr, Nakaya, in addition to his world- 
fanous snow studfes, had carried out some field investiga- 
tions of permafrost in Kanchuria in 1943. Dr. Nakaya kindly 
made available a copy of his paper on this work. 

With the co-operation of the Defence Research Board, 
through the Defence Scientiffc Information Service, it 
proved possi'ble to have this paper translated from the 
Japanese. The translation was carried out by Rir. E, R, Hope 
of the D.R,B. staff. Mimeographed copies were prepared by 
the Defence Research Board. It is this translatfon which 
it is now the privilege of the Council to publish in thfs 
f orrii . 

Not only does the publication represent co-operatfon 
between these two Canadian agencies but it is a pleasure 
to state also that the translation was not only approvsd 
by Dr, Nakaya but carefully checked by him acd, in view of 
its excellence, adopted as the translation to be used by the 
SIPRE organization. 

Appreciation is here recorded of the translation by 
Mr. Hope, and the co-operation of Defence Research Board 
in thfs work, and to Dr. Nakaya for making the original paper 
available for translatfon and for his continued interest in 
its preparation. 

Kay, 1953. 
Ottawa, Ontario. 

R.F. Legget, 
Director. 



Trans la ted  fr~orn Tef on-Kagsku, 2, (1949 1, 119-1213.. 

PERMAFROST SURVbTING 

~ k i c h i r z  NAKAYA and J u j i  SUGAYA 

~okkaid ;  Unive r s i ty  Low Temperature Research I n s t i t u t e ,  

Research Report No, 33, 

$lo ARGUMENT 

I n  engineer ing  jobs undertaken i n  the  permafrost  zone, 
t h e  s o l i d i t y  of  foundat ions w i l l  depend on whether o r  n o t  t h e  
f rozen  e a r t h  of t h e  upper p a r t  of the  f r o s t - t a b l e  has  suf- 
f i c i e n t  hardness. Hence i n  these  regions t h e  p r e c i s e  de te r -  
mination of t h e  d i s t r i b u t i o n  of ground t e m p e r a t u ~ e s  i n  t h e  
f r o s t - t a b l e ,  a t  t h e  beginning o f  autumn when t h e  a c t i v e  l a y e r  
has welted down t o  i ts lowest  l e v e l ,  i s  an  important mat ter ,  
From t h e  r e s u l t s  which we have ob%a%ned i n  an  i n v e s t i g a t i o n  sf 
frost-heaving phenomena, it appears  t h a t  t h e  graund temperature,  
though i t  may be  below zero Centigrade, i s  however never  very 
fa r  %ram zero, Accordingly we cons t ruc ted  themocouples  
capable of  measuring ground tern eka tu res  i n  t h e  neighborhood 8 of 0°6 wi th  an  accuracy sf 0 , O l  . Using t h e s e  themocouples ,  
we c a r r i e d  o u t  p r e c i s e  ground temperature measprements i n  t h e  
Tfien-Ni-Ho * Ehgineeping D i s t r i c t  i n  North Manchuria, dur ing  
t h e  l a s t  t e n  days of  September 1943. We ape here r e p o ~ t i n g  
b r i e f l y  on our  r e s u l t s ,  m d  on t h e  c h a r a c t e r i s t i c s  of %he s o i l  
i n  t h i s  zone. 

* X 39 n e a r  Hai lar .  The '%ngineering D i s t r i c t "  r e f e r s  
t o  t h e  Manehuri an Railway, ( ~ ~ a n s l a t o ~ ,  ) 



5 2, APP-ARATUS FOR WASURTNG GROUND TEMPERATURES 

I n  permafrost l o c a l i t i e s  i t  i s  qu i te  impossible t o  
d i g  deep holes i n  the frozen s o i l  during the  thaw period. T h i s  
region i s  tbe zone o f  the  so-called ''black ear th" ,  which tu rns  
t o  a sea of ssft  mud; the  s ides  o f  the  hole w i l l  cave in ,  and 
there  i s  no way of preventing i to  We decided t o  ge t  our 
ground-temperature measu~ements by dr iv ing a long i ron  rod i n t o  
the permafrost and forc ing long thermocouples %at0 the  hole 
which this rod l e f t  a f t e r  i ts removal, 

Our thermocouples were made sf a copper wire and a 
constantan wire, each 13 meters long and 0,55 mm in diameter, 
They were f i t t e d  with a p ro tec t ing  t i p  a s  shown i n  Fig, 1, A 
s m a l l  hole was bored through the compound brass-and-ebonite 
rod t o  take the  themoeouple, The p u q o s e  of the  ebonite was 
t o  provide thermal insu la t ion  f o r  the  e l e o t r i c a l  leads,  The 
pro tec tor - t ip  had a diameter of 14 m, and was brought t o  a 
s h a q  point  a s  i n  the % l l u s t r a t i o n o  The in su l a t i on  of the  
thermocouple wires w a s  enamel p lus  a double winding of silk, 
The two wipes together  were over la id  wi th  a sheathing of cot- 
ton tape  and the whole dipped i n  melted para f f in ,  The themo- 
couple thus insu la ted  was i n s e ~ t e d  i n t o  the  hole i n  the  b r a s s  
t i p ,  and o i l  was poured down i n t o  the  bottom of the  hole i n  
order  t o  ensure good thermal e sn t ae t  with the  p ro tec t ing  rodo 
To the  r e a r  end of the  protector- t ip  there  w a s  a t tached a 
piano wire 7 m long and 2,7 m i n  diameter, which ran along- 
s ide  the  themscouple leads,  The piano wire and l eads  were 
wrapped i n  severa l  thielaaesees of  i n su l a t i ng  mate r ia l  p lus  a 
waterproof coveping; then over t h i s  a t i g h t  winding of 0,7 xm 
i r on  wire, Made i n  t h i s  way, the  device can be co i l ed  up f o r  
carrying; when extended, the  s t i f f n e s s  of the  piano wire i s  
s u f f i c i e n t  t o  enable it t o  be t h r u s t  deep i n t o  the  frozen 
ground, We constructed two sf these  instruments, which we 
designated a s  No,l and No020 

T t  was necessary t o  c a l i b r a t e  the  instrument pre- 
c i s e l y  f o r  the  zero point ,  fop which purpose we used a thermos 
f l a s k  in a double-walled ice-water tub, constructed as shown 
i n  FigoZ6 Test ing with t h i s  apparatus showed t h a t  the e r r o r  
i n  our measured temperatures was l e s s  than O , O l o ~ ,  which w a s  
qu i t e  s a t i s f a c t o r y  f o r  our purposes, The galvanometer used 
w a s  a precis ion model of Riken * manufaetu~e,  having a sen- 
s i t i v i t y  of 1 , O  x 10-7 v, 10- A, A s  the  r e s i s t ance  of the  
thermocouple and i t s  leads  amounted t o  30 ohms, i t  w a s  easy 
t o  ad jus t  the  s e n s i t i v i t y  by a p rec i s ion  rheos ta t  i n se r t ed  i n  
the  c i r c u i t  and t o  r a i s e  the  sena i t iv i$y  i n  the  neighborhood 

* The Rikea Keiki Kabushiki Kaisha,  ransl slat^^, ) 
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of 0's to as much as 1QO m of swing pep degpee Co For 
measuring compa~at%vely hfgher temperatures we used a reduced 
sensitivity, one-half to one-fifth of this, 

For drilling holes in the permafrost, we construeted 
and carried with us the gear shown in Figo3, (a) (b) and (c), 
In Fig,3 (a), R is a steel rod 16 m in diameter, to the end 
of which d~ill-bite are attached as shown at (c) in Fig, 3, 
Pi and P, are stops, which may, when the handle i s loosened, 
be freely moved to any position and firmly Pocked in place, 
H is a hammer, which is struck by hand against %he lower stop 
P, to drive the steel into the ground, and against the upper 
stop P, to withdraw it, The length of each steel is 1,5 m, 
and by using several of them joined together sectionally, it 
was possible to get temperature-measn~ements at depths of as 
much as 6 m, 

We used two sets of drills, As soon as a hole was 
drilled, one of the thermocouples was immediately inserted in 
it, and ground-temperature peadings taken every other minute 
for a periad of 20-40 minu%es, until it was certain that a 
b$eady temperature had been reached, Meanwhile the other 
drill was being driven in, and 80 on alternately, 

The galvanometer was installed on top of a 12-an=- 
square wooden post driven into the earth to a depth of 80 em, 
This galvanometer stand and all of the measuring equipment 
ware aet up inside a shelter-tent, 

Thus e uipped, we were in a poeition to expect an 8 accuracy of 0,Ol 6 in our field-~umey work on ground- 
temperatu~es, 

§3, CONDITIONS AT SURVEY SITE 

At the survey site the ground sloped away to the 
ENE at about a 6' angle for about 200 m, with Its lower edge 
abutting on a river-bed flat, We wepe at a height of about 
22 rn above this flat, The ground was covered with wild 
graminaceous grasses, growing to a helght of 30-40 ern, 

The s ~ f l  from the surface to a depth of about 60 crn 
was a black humus, For the next 30 em below this level, 
there was a brownish black layer of slay wfth a content of 
humus, and below 150 cm a layer of b~orm-colored clay practi- 
cally devoid of humus and cmtainfng an occasional pebble, 
Of course these different layers were not sharply demarcated; 



the  change in .  t h e  a s i . 1  ~ s . 3  con.t%n,uou.s, The humus top-soi l  
r e p ~ e s e n . t s  s h a . t  is caP,I.ed. lB b,:hack earth'' in t h i s  region, t h e  
t9black es re th  zc.neIf, The f p i f t i o r ~  I ,oas of' t h i s  s o i l  was de te r -  
mined, and was fou.nd !.Q k,e ajxs2.1, not elsceeding Il,@ of t he  
weight (-,f t h e  wind-dried soP, l j '  2;ra o,ther words ,  t h e  r e s i d u a l  
ash  eon-tent was 89,pz, T h u s ,  e,ven. f.n t h i s  black top-so i l  the  
a c t u a l  co.n-(;ent cbf 'humus was found ts be unusual ly low, A 
diagram af che vert-lcral s e z t i . ~ n  ef t h e  s o l 1  i s  shorn in Ffg04,  
The thaw-layet?, a t  the t . h e  ssf making t h e  rnea.surements, 
extended ta about 2 ,kc-; 2.10  mete-?.^^ t-pe1.o~ t he  s u ~ f a c e ,  and S t  
is bell.evad t h a t  t h i s  waq t.be see.scnxs. of" deepest thaw%mgo, 
Samples w e . m  taken f kom th.e po1,ants nam~ked I., 2, 3 , ,, , If in 
Figo4;  the2-c.  water^ crsnt 'ent~, a ~ d .  apparent, speeif f 112 g r a v l t f e s  
were determined, ,and s g,ra.iy? a l i ~ ~ 1 y s 3 , ~  ~1ad .e~  

i) Prog~ess of the  . Msasuremsn~t,,s, ----- 
Two days were spent i n  eons t ruc t fng  t he  she l t e r - t en t ,  

manuf'actu~fng d f s t i l l ed -wate r  Ice ,  and c a l i b r a t i n g  the thermo- 
couples, On the third day, w e  eormnenced bopfang hales with  t h e  
above-mentioned d ~ i l $ % n g  gear and $%king measuss"ernent%. A t  
depths less than 2 w, t h e  bsse  clogged up by earth-pressure as  
soon a s  the d ~ l P l  was w%thdraw,  an& %he themoeouples  could 
not  be inser ted ,  We decide& ts excavate t h e  thaw-Payer t o  a 
depth of 9,8 m and d ~ f v e  a two-inch I ~ o n  p ipe  d ~ m  i n t o  t h e  
f ros t - l aye r ,  t h u s  preventfng the  su~r~und%ng thawed s o i l  from 
squeezing %no Then we s- tar ted to d r i l l  from in s ide  t h i s  pipe. 
Even so,  t he r e  was sane soi'L-preases~e, as the  top p a r t  of the  
permafrost layes" i t s e l f '  was close t o  a thawed condit ion.  The 
r e s u l t  w a s  t h a t  when we fdnlshed t ak ing  our ab se rva t fom and 
at tempted t o  p u l l  ou t  t he  themocouplea,  one of them broke, 

Afte r  t h t s  we decSded t o  remove the  thaw-layer eom- 
p l e t e l y ,  until the f a c e  0% t h e  f ~ e s t - l a g e r  w a s  exposed, We 
l e f t  a 38 em proJactissn of f rozen ea r th ,  wf$h a a l i g h t  h ~ l f o w  
dug out around it %s col lec% the t k w - w a t e r  which ran i n  from 
t h e  s u ~ ~ o u n d i n g  w a l l s ,  so  t h a t  $he f l a t  top  of the p r o j e c t i o n  
was always a b w e  the  water au~ffa@&, QUR h0%88 were now bored 
s taa~%%ag fkom t h i s  f l a t  top, T h e  pet  dug to l a y  bake t he  SUP- 
f a c e  sf the permafrost  measured about 2 x 3 mo Since %he 
Power ha%$ o f  the thaw-layer had a water content  which brought 
i t  sear  t s  t h e  f l u i d  state, tha walls kept cavfaag fn while w e  
were digging, which made t h e  work BE?X"$ df ff ieulto By usfbng 
r e t a i n i n g  boakds, w e  go$ $he job done, *buR one o f  $he au thors  
(~ugay-a)  and e igh t  l a b o r e r s  had t o  spend almost the  whole day 
on it, N e x t  morning, half e f  %he p i $  had caved in ,  so that 

..,_ ,...>-, I*.,,.PU *.."" .I,, ",."_ ...,. "". , . .. "...* .,l,lll.,,l," -,,l,,,.,,- "+. ..,.. I......... I I.. (..* l"l.-,-l-..-lll-,------ .... . . ----I.------.-".--- -"---."-.'--I"..- '- 



we were f a c e d  with anather day's work to dig it out again, 
On the f%f%h day, hswevep, we were able ta eonaplete our tem- 
perature measurements at depths of up to 4,87 reo Then we 
called it qui%s, 

if) &sul-La of ground-temperature measurements, 

Results of our ground-temperature measukemen%s are 
shown in Table I and a$ (a) Pa9 FPg*So The solid line in 
Fig, 5 (a) represents measuremeabs made wi th the thermocouples, 
The thick broken line is thsrmome$er measukements of %he tem- 
perature in the %haw-layer, as explained in paragraph %if. 
The finer broken line represents thermometer maasulpements made 
inside an iron pipe set in the ground, as will be explained in 
paragraph iv, 

TABLE 1 

Measure- Time of G rou.nd 
ment NO, measurement Depth tempera- Remarks 

ture 

1 Nova 24, 1050 53cm +3,06~C Air temperature +5OC. 

2 1137 101 +2, "93 Wind velocity 10 m, 
measurement difficult. 

1340 192 +0,42 
1509 270 -0,lO Light rain falling. 

1630 229 -0004 

1800 56 +3,42 
- 12 s4,OO Air tempe~ature ~ O C ,  

wind speed 13-15 m, 

9 NOT, 26, 1015 211 -0, 02 

10 1408 300 -0,23 Hole bored inside iron 
pipe. 

11 1813 404 -0040 

12 Nov,27, 1900 324 -0, 33 Thaw-layer removed, 

13 Nove28, 2000 487 -0,U Thaw-laye P removed. 

In Fig,5, the Borizontal o°C line is taken from 
the measurements, while the I1f rostJline was determined by 
examining the excavation, This frost-line was at a depth sf 
210 a, whieh would seem to be the value f o r  the time of lowest 



penetration of the active layer in this region. At the 
season when the present measurements were taken, the mean air- 
temperature had already dropped to OOC, and since the thaw- 
watek flawing in a small gully in the same sloping ground as 
our site had markedly diminished in volume during the previous 
week, it seems that the thawing of the frost-layer had prac- 
tically ceased, 

The temperature in the frost-layer was quite near 
to O"C. In the top 75 em sf the layer, it stayed absve the 
limit -O,l°C, This was obviously to be expected f r ~ m  the 
results 0% QUP research on frost-heaving during the thaw-season.* 
At greater depths, the ground temperature fell to minus 0.%0,40Cm 
Between 3 m and 5 na depth, precise measu~erm?nts showed that the 
rate of fall was about O,lOOC/me Thus we may take it as 
established by the present research that the temperature in the 
upper p a ~ t  of the pemafrost layer at the end of the thaw- 
season is close to OOC, and that it remains above -0e40~ down 
to a depth of several meters, 

i if) Tempepature-di stributi on in the thaw-layer. 

When excavating on the 27th, we determined the tem- 
perature distributi on in the thaw-layer by inserting a straight 
thermometer hs~izontally into the earth to a depth of 30 an at 
various depths in the ground c~oss-seetion, The results are 
given in Table 11, and as shown by the thick broken line at (a) 
in Fige5, the values ape highest at a depth of about 60 cm. 
The distribution is in good agreement with the temperatures 
measured inside an iron pipe9 as shown by the fine broken line 
in the same figure, On eaah sf the two days in question the 
weather was good, the atmospheric temperature rising to above 
1ZoG in the day-time and showing about the same diurnal varia- 
tion, This undoubtedly contributed to the agreement between 
the two curves, The above values show a difference of 1,5O~ 
as compared with those found with the thermocouples on the 
25th The reason is that on the 25th and previous days the 
weather  ad been continuing cold, with a light rain falling 
from time $0 the, 

+ Nakatanf and Sugaya, Teion Kagaku, Vole 22, pe7, 



TABLE I1 
- -- - 

Depth in cm. Ground tempO00. 

To determine the coeff'icient ad? thermal diff'uaion 
in the thaw-layer, we made a series of temperature measurements 
at the ground surface and at depths of 10 and 20 cm, (~hese 
measurements were handled by Mr, So Nakayama, who accompanied 
us on the expedition. ) The resqlts are as in Fig.6, The 
amplitude-decrease and phase-shaft both show up very well. 
From these results, let us try to extract the value of k in 
the thermal diff'usion equation 

that is, the coefficient of thermal difision.* For sine-curve 
boundary-conditions, the solution for k is well known; as 
found from the phase-shift c it is 

* The equations below are slightly modified from those in 
the published text, this modification having been suggested 
by the authors of the paper. (TI?, ) 



and from theeamplitude r a t i o :  

For a s i n e  curve, Be = ka9 b u t  s i nce  i n  n a t u r a l  phenomena t he r e  
i s  genera l ly  a s m a l l  depar ture  from t h e  s inusoid  form of var i -  
a t i o n ,  t he  two values  do no t  agree,  I n  order  t o  reduce t he  
l abor  of determining a f o r  each of t h e  elementary curves  
obtained by harmonic ana ly s i s ,  we took t he  curves of Fig,6 as 

3 A 86 roughly sine-curves, Pu t t i ng  eo - Ex = 27'f x = 52 
T = 24 x 60 x 60 sec,  we f i n d  

The mean i s  k = 00005, 

This  value is r a t h e r  l a r g e  compared w i th  k f o r  
ord inary  s o i l ,  which i s  about 0,003 - 0,002, b u t  as t he  thermal 
d i f fu s ion  coe f f i c i en t  of a "black e a r t h w  s o i l  nea r l y  s a t u r a t e d  
wi th  water, i t  i s  more o r  l e s s  a value which is  t o  be  expected, 

i v )  Ear th  temperature measurements, us ing  a p ipe  s e t  i n  t h e  

For purposes of determining t h e  ground-temperature 
d i s t r i b u t i o n  i n  t h e  permafrost stratum, t h e  C o n s t ~ u c t i o n  Office 
of the  Manchurian Railway used t o  use 2,5-inch i r o n  p ipes  s e t  
i n  t h e  ground t o  var ious  depths,  i n s i d e  which temperature 
observat ions  were made each day a t  10  a.m, On comparing t h e  
temperatures thus  recorded f o r  t h e  28 th  wi th  our thermocouple 
readings,  we detec ted  a sys temat ic  d i f fe rence ,  When t h e  
thermometers used were c a l i b r a t e d  t o  oOC wi th  d i s t i l l e d  water 
and i ce ,  they were found t o  have an e r r o r  of maximum value 
+ O o 6 0 C o  Correct ion f o r  t h i s  e r r o r  gave va lues  as i n  Table 111. 
When p l o t t e d  a t  ( a ) ,  (b )  i n  Fig,5,  t he se  values formed a 
curve of shape q u i t e  s i m i l a r  t o  t h a t  of the  thermocouple 
measurements, bu t  on t he  whole they  were 0,2-~OC lower. We 
have no t  obtained s u f f i c i e n t  d a t a  t o  e s t a b l i s h  the  cause of 
t h e  discrepancy, b u t  t h e  f a c t  does appear t h a t  the  p ipe  method, 
with t h i s  small  e r r o r ,  g ive s  unexpectedly accura te  r e s u l t s ,  



TABLE I11 

Adjusted Measured Correct ion values Depth values 

0.1 m +2,5Oc +o, ~ O C  +2,g0c wooden 
0-5 +4.6 + O 0  5 +5.1 pipe 

-Oo 6 Iron 
pipe 

-00 9 

550 CKARACTER OF THE SOIL IN THE THAW-LAYER 
AND IN THE FROST-LAYER 

i )  Relative water-content and mode of conp;elation. 

The water-content and apparent specific gravity were 
measured for the eleven samples taken as shown in Fig.4. 
Table IV gives the results.  



Upox! exbarninlnq the s p e c i f i c  g~avitied and water- 
contents  is, t h e  % ~ . a ~ - l a $ e r ,  we see  tha t  the  b lack  top-soil  i n  
the  neighborhood c f  sample No,S 1 ~ 3  r i c k  i n  hmcefa, and them- 
f o r e  has a low sp~:e"3flt* g ~ a ~ h t y ,  The water content  appears 
t o  be remarkably high,  Even so, the  f i  gure i n  the  Table, 
0,39, i s  not  ye t  a t  the point  o f  s t a u ~ a t i o n ,  and the s o i l  
looks a s  th:-ar;Fn i t  were ccampsa~atively dry, FOP the brownf sh- 
black a~g lh l s l~c -ous  so11 aQ sample Noo2, which s t i l l  contains 
some h m s ,  and FOF the b r o m  c lay  o f  sample No,3, the  satu- 
r a t ed  water-content i s  belaw 0,35, and the f i gu re s  i n  the  
t ab le ,  a s  we s h a l l  l a t e r  explain,  represent  water-contents 
c lose  t o  the run-out point ,  

I n  the f ros t - l ayer ,  there  seerns t o  be a s ca t t e r ed  
development of both f i n e  lee-lenses and nodules, of which 
fou r  exam l e s  ape shown in 3'$g07, (a ]  t o  (d], The first 
three,  (a7 t o  ( c ) ,  a r e  examples of t he  mode of eongelation 
which i s  o rd ina r i l y  seen in  the  p e m a f ~ o s t  of t h i s  region, 
whi l a  (d)  i s  a more exceptLsrlal mode, A t  t h e  place where (d)  
( t h a t  isg sample Nool l )  was taken, there  was a l o c a l  agglo- 
meration o f  ea r th ,  about 30 ems i n  a r e a  and about 15 cm deep, 
which displayed t h i s  type of f ~ e e a i n g ,  namely one with an ice- 
l ayer  d i s t r i bu t$sn  of' the  same f o m  a s  the  patchy f r eez ing  
seen a t  p laces  i n  HokkaidT wwher~e there  i s  frost-heaving, The 
dif ference i s  only t h a t  the  fee-layers,  made up of t rans-  
parent  i ce ,  d s  no t  show any v e r t i c a l  s t r i a t i o n  of " f ros t -  
p i l l ap t '  ty=pe, The s t ~ i a t i a n s ,  whhh give the  appearance of 
p i l l a r s  of f ~ s s t ,  cons i s t  of f i n e  columns of a i r  and l i n e s  of 
air-bubbles, I n  the  present  case no sueh'aix~-columns nor  
sip-bubbles could be seen under the  m%aros@ope, The reason for 
t h i s  i s  perhaps t h a t  i c e  which has formed with a f r o s t - p i l l a r  
s t ruc tu re  l o se s  i t s  air-columns and air-bubbles a f t e r  it has 
stood f o r  months o r  years  under pressure, This i s  a point  
whieh needs exper$mental ver i f i ca t%on,  The ice-lenses 
o rd ina r i l y  seen, a s  i n  Fig,7 ( a )  t o  (e l ,  l ikewise  cons i s t  of 
t ransparent  %ee and, from t h e i r  shape, represent  i c e  whieh has 
formed i n  cracks and c rev ices  it% the s o i l ,  Many of them a r e  
made up of' small fee-par t ic le8  welded t ~ g e t h e r  i n t o  l e n s  shape. 
This mode sf eongelation resembles t he  d i s t r i b u t i o n  of ice- 
l aye r s  i n  Ba~ost-heaves f n  heavy c lay s;oilo I ce  nodules of 
considerable size ape s f t e n  seen, The s o i l  between the  ice-  
l enses  is soft and half-thawed, bu t  s ince  i t  i s  t i g h t l y  
packed, i t  is a s  a whole f a i r l y  so l id ,  

A grain  ana lys i s  was made on the  eleven samples of 
Table IV, zaesults of which a r e  shown i n  Table V, This t ab l e  
shows c l e a r l y  the  f a c t  t h a t  the whole bed of s o i l  has a very 
uniform c~mpos i t fon  sf high a rg i l l aceous  content, The ve r t i -  
c a l  d i s t r i b u t i o n  of c l a y  content,  a s  ex t rac ted  from Table V, 
i s shown i n  Fig, 8, The e a s i l y  mobile p a r t  of the s o i l  a t  
depths of around I rn shows a ~ e l a t i v e  maximum of c lay  content,  
and i n  the f ros t - l ayer  t h e  c l ay  eontent  again Increases with 
depth, If sfmilap ins tances  of t h f s  phenomenon a r e  found a t  



o t h e r  p laces ,  we may conclude t h a t  when t h e  a c t i v e  l a y e r  thaws, 
t h e  f i n e  p a r t 5 c l e s  wash down o u t  of it, and t h a t  t h e  lowest 
p o i n t  t o  which the  a c t i v e  l a y e r  has  penet ra ted ,  over  a long 
p e r i o d  of time, Is a t  p resen t  b u r i e d  i n  t h e  f ros t - l aye r ,  

For t h e  s i x  samples taken from t h e  f r o s t - l a y e r ,  t h e  
r e l a t i o n  between t h e  water  eontent  and c l a y  con ten t  i s  as shown 
i n  Fig,9, The l a r g e r  t h e  c l a y  eontent ,  t h e  smal l e r  t h e  water 
con ten t  becomes. Now i n  ord inary  s o i l s ,  those  wi th  a h igh  c l a y  
content  have a p r o p o r t i o n a t e l y  high water  content ,  But i n  
o rd ina ry  frost-heaves,  when the  c l a y  con ten t  i n  t h e  s o i l  i s  
too high, i t  becomes r e l a t i v e l y  impermeable t o  water and t h e  
absorp t ion  from below i s  mall; thus  t h e  water con ten t  tends  
t o  decrease,  We th ink ,  then  t h a t  s i n c e  t h i s  f r o s t - l a y e r  of  
ours  i s  a c t u a l l y  t h e  upper p a r t  of t h e  permafrost  s t ratum, 
t h e  f a c t  t h a t  it i s  the  same $a c h a r a c t e r  a s  a frost-heave 
does g ive  us  some i n f o m a t i o n  on t h e  o r i g i n  of %he permafrost  
bodyo 

ii) Est imate of t h e  amount o f  f rost-heavinq,  

Since from t h e  above r e s u l t s  i t  could be  deduced t h a t  
f rost-heaving phenomena very  l i k e l y  occur i n  t h e  permafrost  
s t ratum, we at tempted an  e s t i m a t e  of t h e  amount of t h i s  f r o s t -  
heaving, To ob ta in  t h e  necessary  d a t a  f o r  t h i s  purpose, we 
mixed samples 5 t o  11. That is,  we i n v e s t i g a t e d  the  ayerage 
p ~ o p e r t i e s  of approximately the  t o p  70 cm o f  the  s o i l  i n  t h e  
f r ~ s t , - l a y e r .  

Comparing Tables I V  and V, we s e e  t h a t  t h e  apparent  
s p e c i f i c  g r a v i t y  and t h e  water content  b o t h  p r a c t i c a l l y  coin- 
c i d e  wi th  t h e  measured va lues  of  t h e  apparent  s p e c i f i c  g r a v i t y  
and s a t u r a t e d  water  con ten t  f o r  the  s o i l  i n  i t s  most densely 
packed s t a t e ,  as i n  Table VI, Thus t h e  s c a t t e r e d  ice- leaaes  
r ep resen t  water  t h a t  has  sepa ra ted  o u t  of t h e  o t h e r  parts of 
the  s o i l  which have f rozen  i n  a s t a t e  of concret ion,  Hence 
these  o t h e r  p a r t s  w i l l  have no excess  of absorbed water, 
~ s u a l l y ,  then, the  thfckneas of t h e  s c a t t e r e d  l e n s e s  and t h e  
amount of shr inkage  of t h e  concreted parts w i l l  n e a r l y  cance l  
each o ther ,  If so, we may suppose t h a t  i n  these  p a r t s  of t h e  
s o i l  t h e r e  w i l l  be no fro'st-heaving, and consequent ly no 
subeidence when t h e  thaw occurs, 



Measured samples Water content Apparent spec i f ic  
gravity 

Saturated aa te r  content. 
( ~ e n s a  packing) 0.28 

Saturated water content. 
( ~ e n s e s t  packing) 0,28 

Water content a t  
run-out point, 

Water content a t  
p l a s t i c i t y  l i m i t  

The water content i n  samples Nos.7, 9 and 11 i s  
above saturat ion;  a t  these points, then, frost-heaving should 
occur, For No.9 ( a  sample which I s  i n  good accord with the  
whole se r i e s  of measurements) the amaunt of frost-heaving may 
be calculated a s  follows. According t o  our previous paper, * 
the amount of frost-heaving A1 is: 

where pa is the spec i f ic  gravity of the  wind-dried s o i l ,  ro is 

the saturated watep content, R is the t o t a l  water content of 
the frozen earth, xro is  the mean water content i n  the concreted 
ear th ,  and 2 is the thlclmesa of the sample, 

From Tables I V  and V I ,  R = 0.30 and ro = 0.28, while 
X = 90 nrm. After inse r t ing  a recent ly  measured value f o r  pa, 

namely 1.55, there remains only x i n  question, I n  a previous 
paper, * we found tha t  a su i tab le  value f o r  x is 0.9, 
Accepting t h i s  value x = 0.9, we have 

* Nakaya and Sugaya, Teion Kagaku, V o l ,  2, p.7, 
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Thus f o r  sample No,Y, t h e  f ros t -heaving  r a t i o  A%/% i s  about  8$, 
o r  looking a t  t h e  m a t t e r  from t h e  o t h e r  s i d e ,  we may say t h a t  
i f  t h i s  p a r t  of .the p e r m a f ~ o s t  stratum melted theroe would be a 
subsidence of % rf' t h e  %hfck.r~ess of" t h e  layeln thawinge The 
frosts- layer  below t h e  a c t i v e  Pnaye~, l f k e  t h e  e a r t h  i n  f r o s t -  
heaves fa g e n e ~ a l ,  possesses  a  certain f ros t -heaving  r a t i o ,  a 
f a c t  which : nd ica tes  t h a t  the freezPng of  t h e  permafrost  stra- 
tum l ikewise  1 ~ 3 %  taken place by cool ing  from, above, 

$6,  SUMMARY 

The p resen t  reseaiaeh had as i ts main o b j e c t  t h e  
p r e c i s e  measurement of t h e  d i s t r i b u t i o n  of ground-temperatures 
w i t h i n  t h e  f r o s t - l a y e r  a t  the  t i m e  a% deepest  p e n e t r a t i o n  of 
t h e  a c t i v e  Layer, information of i n t e r e s t  as foundat ion  d a t a  
f o r  e o n s t ~ u c t i s ~  work on p e m a f ~ o s t  s o i l ,  For t h e  purpose,  we 
nade up two mechanically s t r o n g  thermoesuples, of  which a pre- 
c i s i o n  of O00lo6 could be  expected, and proceeded, by i n s e r t i n g  
these  devices  I n t o  holes  bored i n  the  permafrost ,  t o  determine 
p r e c i s e l y  t h e  ground-temperatu~e d i s t r i b u t i ~ n  a t  depths of up 
t o  3 m belaw t h e  f r o s t  su r face ,  We t h u s  e s t a b l i ~ h e d  t h a t  t h e  
temperature i n  t h e  upper p a ~ t  of the  f r o s t - l a y e r  a t  t h e  end of 
t h e  thaw per iod  is c l o s e  to zero  Centigrade,  be ing  w i t h i n  t h e  
range 0,O0 t o  -0,1°6, Below about 1 meter,  i t  f e l l  t o  -0,3 
OF -0a4'6, t h e  r a t e  sf f a l l  i n  t h i s  nefghborhaod having t h e  
low value  of 0,1"C[rn, More~ver ,  w e  found t h a t  if t h e  the~mo-  
meter was suspended f n  an  i r o n  p ipe  s e t  i n  t h e  ground and 
readings  taken a t  l e v e l s  deep f n  t h e  permafrost  l a y e r ,  t h i s  
method too  a f fo rds  a very good means of measuring t h e  ground- 
t e m p e ~ a t u ~ e s ,  if we accept  an  e r r o r  of 0,2-0, 3 O C O  

For t h e  c o e f f i c i e n t  sf thermal d f f f i s i o n  of the  
a c t i v e  Payer i n  t h e  thawed state,  w e  obta ined  t h e  empi r i ca l  
va lue  0,005 6GS u n i t s ,  

We determined t h e  sail c h a r a c t e r i s t i c s ,  mode of 
congela t ion ,  maximum water-content, maximum s a t u r a t e d  water- 
content ,  e t e , ,  f o r  t h e  e a r t h  i n  t h e  f ros t - l aye r ,  From these  
da ta ,  we were a b l e  t o  i n f e r  t h a t  t h e  permafrost  i n  t h i s  a r e a  
has o ~ i g i n a t e d  by cool ing  from above, as i n  ord inary  f r o s t -  
heaving, We were a l s o  a b l e  t o  c a l c u l a t e  the  f ros t -heaving  
r a t i o  f o r  p a r t  of our  samples, and found t h e  va lue  here  
apply ing  t o  be  @, 

The p r e s e n t  i n v e s t i g a t i o n  w a s  undertaken a t  t h e  
reques t  of t h e  fokmek Maaehurian Railway Company, The a u t h o r s  
express  t h e i r  g r a t i t u d e  t o  Mp, Y,Takano, who made t h e  r e s e a r c h  
p o s s i b l e ,  and ts M r .  I.Saka97ue9 who d i d  much t o  f a c i l i t a t e  our  
work; a l s o  t o  t h e  people a t  t h e  s i t e  f o r  t h e i r  courtesy, and 
t o  MR. SoNakayamas who took p a r t  i f a n  t h e  job and a s s i s t e d  i n  t h e  
o 'bse~va t i ans ,  
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Fig..2. Apparatus for 
zero-point calibration. 

Fig. 3. 



Figure 5 

Figure 4 
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