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PREFACE 

For  more t h a n  t h i r t y  y e a r s  t h e  D i v i s i o n  o f  B u i l d i n g  R e s e a r c h  h a s  been  i n v o l v e d  

i n  s t u d i e s  r e l a t e d  t o  t h e  d e s i g n  and  c o n s t r u c t i o n  o f  e n g i n e e r i n g  f a c i l i t i e s  i n  

p e r m a f r o s t  a r e a s  o f  Canada. The D i v i s i o n  is p r e s e n t l y  c o l l a b o r a t i n g  i n  t h e  

p r e p a r a t i o n  o f  g u i d e l i n e s  f o r  t h e  l a b o r a t o r y  t e s t i n g  o f  p e r m a f r o s t .  T h i s  

t r a n s l a t i o n  o f  a Handbook d e s c r i b i n g  t e s t i n g  methods  u s e d  i n  t h e  S o v i e t  Union 

f o r  d e t e r m i n i n g  t h e  p h y s i c a l ,  t h e r m a l  and  m e c h a n i c a l  p r o p e r t i e s  o f  f r o z e n  

s o i l s  is ,  t h e r e f o r e ,  o f  s p e c i a l  i n t e r e s t .  A l though  p u b l i s h e d  i n  t h e  U.S.S.R. 

some t e n  y e a r s  a g o  (19731,  r e c e n t  c o r r e s p o n d e n c e  w i t h  D r .  S.S. Vyalov ,  Moscow, 

U.S.S.R., i n d i c a t e d  t h a t  t h i s  Handbook is s t i l l  w i d e l y  used  i n  t h e  S o v i e t  

Union t o  s p e c i f y  t e s t i n g  p r o c e d u r e s  f o r  o b t a i n i n g  d e s i g n  v a l u e s  r e q u i r e d  f o r  

t h e  v a r i o u s  c o n s t r u c t i o n  s t a n d a r d s  and  r e g u l a t i o n s  f o r  t h e  d e s i g n  and  

c o n s t r u c t i o n  o f  f o u n d a t i o n s  and  o t h e r  e n g i n e e r i n g  s t r u c t u r e s  on p e r m a f r o s t .  

The D i v i s i o n  w i s h e s  t o  e x p r e s s  i t s  s i n c e r e  t h a n k s  t o  Walten Kent  who 

t r a n s l a t e d  t h e  Handbook u n d e r  c o n t r a c t  t o  t h e  N a t i o n a l  Resea rch  C o u n c i l  

Canada,  Canada I n s t i t u t e  f o r  S c i e n t i f i c  and  T e c h n i c a l  I n f o r m a t i o n  and  t o  Mr. 

T.H.W. Bake r ,  o f  t h i s  D i v i s i o n  f o r  c h e c k i n g  t h e  t r a n s l a t i o n  f o r  t e c h n i c a l  

a c c u r a c y .  

OTTAWA C.B. Crawford ,  
D i r e c t o r ,  
D i v i s i o n  o f  B u i l d i n g  Resea rch .  



FOREWORD 

When d e s i g n i n g  t h e  f o o t i n g s  and  f o u n d a t i o n s  o f  b u i l d i n g s  and s t r u c t u r e s  on 

p e r m a f r o s t  i t  is n e c e s s a r y  t o  know t h e  p h y s i c a l ,  t h e r m a l ,  and  m e c h a n i c a l  

p r o p e r t i e s  o f  t h e  f r o z e n  s o i l s ,  as  d e t e r m i n e d  unde r  l a b o r a t o r y  a n d  f i e l d  

c o n d i t i o n s  d u r i n g  e n g i n e e r i n g  s u r v e y s  f o r  c o n s t r u c t i o n .  

The l i s t  o f  p r o p e r t i e s  which must b e  known i n  o r d e r  t o  c a l c u l a t e  f o o t i n g s  and  

f o u n d a t i o n s  on p e r m a f r o s t  is p r e s e n t e d  i n  t h e  p e r t i n e n t  c h a p t e r s  o f  t h e  

C o n s t r u c t i o n  S t a n d a r d s  and  R e g u l a t i o n s  (SNiP) 11-B.6-66 F o o t i n g s  and  

f o u n d a t i o n s  o f  b u i l d i n g s  a n d  s t r ? u c t u r e s  on  p e r m a f r o s t .  D e s i g n  s t a n d a r d s  a n d  

C o n s t r u c t i o n  S t a n d a r d s  and  R e g u l a t i o n s  (SNiP) 11-A.13-69 E n g i n e e r i n g  s u r v e y s  

f o r  c o n s t r u c t i o n .  Fundamenta l  p o s i t i o n s .  A t  t h e  p r e s e n t  time, however ,  t h e r e  

is no work which c o n t a i n s  t h e  u n i f i e d  methodology f o r  d e t e r m i n i n g  t h e  

p h y s i c a l ,  t h e r m a l ,  and m e c h a n i c a l  p r o p e r t i e s  o f  f r o z e n  s o i l s .  

The p r e s e n t  handbook f i l l s  t h i s  need  a n d  is t h e  f i r s t  work o f  its k i n d .  I t  

was p r e p a r e d  d u r i n g  t h e  development  o f  t h e  e x i s t i n g  c h a p t e r s  o f  t h e  

C o n s t r u c t i o n  S t a n d a r d s  and  R e g u l a t i o n s  w i t h  t h e  aim o f  u n i f y i n g  t h e  

methodology f o r  d e t e r m i n i n g  t h e  above  men t ioned  p r o p e r t i e s .  The methods  which 

are recommended i n  t h e  handbook t a k e  i n t o  c o n s i d e r a t i o n ,  f o r  t h e  f i r s t  time, 

t h e  dependence  o f  t h e  p h y s i c a l ,  t h e r m a l ,  and  m e c h a n i c a l  p r o p e r t i e s  o f  f r o z e n  

s o i l s  on t h e  c r y o g e n i c  s t r u c t u r e .  F rozen  s o i l s ,  as a r u l e ,  a r e  c h a r a c t e r i z e d  

by s t r o n g l y  m a n i f e s t e d  a n i s o t r o p y  and  t h e  h e t e r o g e n e o u s  d i s t r i b u t i o n  o f  

p r o p e r t i e s ,  which a r e  u s u a l l y  e v a l u a t e d  as t h e  a v e r a g e d  v a l u e s  o f  t h e  

c h a r a c t e r i s t i c s .  I n  c o n n e c t i o n  w i t h  t h i s  i t  becomes n e c e s s a r y  t o  s u b d i v i d e  

h e t e r o g e n e o u s  f r o z e n  s o i l s  i n t o  volumes  ( l a y e r s ,  h o r i z o n s ) ,  w i t h i n  whose 

c o n f i n e s  t h e  d i s t r i b u t i o n  o f  t h e  g i v e n  p r o p e r t y  is assumed t o  be  homogeneous, 

which i n  t u r n  r e q u i r e s  t h e  i n t r o d u c t i o n  o f  c e r t a i n  new c o n c e p t s .  

The p r a c t i c a l  e x p e r i e n c e  o f  c o n s t r u c t i o n  i n  t h e  Nor th  was g e n e r a l i z e d  a n d  t h e  

s u g g e s t i o n s  and  r e m a r k s  o f  many s c i e n t i f i c  r e s e a r c h ,  s u r v e y i n g ,  d e s i g n ,  and  

c o n s t r u c t i o n  o r g a n i z a t i o n s ,  a n d  h i g h e r  e d u c a t i o n a l  i n s t i t u t i o n s  were t a k e n  

i n t o  c o n s i d e r a t i o n .  



The v a r i o u s  s e c t i o n s  o f  t h e  handbook were  compiled by t h e  f o l l o w i n g  a u t h o r s :  

A . Y a .  L i t v i n o v  and A.M. P c h e l i n t s e v  - Fundamental  c o n c e p t s  and nomenc la tu re  o f  

f r o z e n  s o i l s ,  Cryogenic  s t r u c t u r e ;  A.Ya. L i t v i n o v  and Z.A. Nersesova - 
S e l e c t i o n ,  packaging,  t r a n s p o r t a t i o n ,  and s t o r a g e  o f  samples  o f  f r o z e n  s o i l .  

I c e  c o n t e n t ;  A.Ya. L i t v i n o v ,  Z.A. Nersesova,  and Ya. A. Kronik - M o i s t u r e  

c o n t e n t ,  S p e c i f i c  we igh t ;  Z.A. Nersesova and P.A. Gr i shyn  - S a l i n i t y ;  D.I. 

Fedorovich - Heat c a p a c i t y ,  C o n d u c t i v i t y  and d i f f u s i v i t y ,  Recommendations f o r  

c o n s t r u c t i n g  t h e  b a s i c  a s s e m b l i e s  and p a r t s  o f  a n  a p p a r a t u s  f o r  d e t e r m i n i n g  

t h e  t h e r m a l  p r o p e r t i e s  o f  s o i l ;  Z.A. Nersesova and R.M. S a r k i s y a n  - - The 

f r e e z i n g  p o i n t  o f  s a l i n e  s o i l ;  A.G. Zatsa rnaya  - The p r e p a r a t i o n  o f  s o i l  

samples  and r e q u i r e m e n t s  f o r  l a b o r a t o r y  t e s t i n g ;  A.G. Z a t s a r n a y a  - - The 

c o m p r e s s i b i l i t y  o f  f r o z e n  s o i l ;  I . A .  P a r s h i k o v a ,  V.G. G r i g o r ' e v a ,  and V.M. 

Vodolazkin  - The c o m p r e s s i b i l i t y  o f  thawing s o i l ;  N . A .  T s y t o v i c h ,  Vyalov,  

S.S., A.G. Z a t s a r n a y a ,  and N.K.  Pekarskaya - The r e s i s t a n c e  o f  f r o z e n  s o i l s  t o  

normal p r e s s u r e ;  N.K.  Pekarskaya and V.G. G r i g o r ' e v a  - The r e s i s t a n c e  o f  

f r o z e n  and thawing s o i l s  t o  s h e a r ;  A.V.  S a d o v s k i i  - The r e s i s t a n c e  o f  f r o z e n  

s o i l  t o  s h e a r  a l o n g  t h e  l a t e r a l  s u r f a c e  o f  a f o u n d a t i o n ;  V.O. Orlov ,  A.V.  

S a d o v s k i i ,  R.M. S a r k i s y a n ,  and Yu. D. Dubnov - T a n g e n t i a l  h e a v i n g  f o r c e s ;  S.S. 

Vyalov, V . V .  Dokuchaev, N.K.  Pekarskaya ,  and D.R. Sheinkman - S t r e n g t h  o f  i c e  

i n c l u s i o n s .  

1. INTRODUCTION 

1.1. T h i s  handbook i n c l u d e s  methods f o r  t h e  l a b o r a t o r y  and f o r  c e r t a i n  

f i e l d  d e t e r m i n a t i o n s  o f  t h e  p h y s i c a l ,  t h e r m a l ,  and mechanical  p r o p e r t i e s  o f  

f r o z e n  s o i l s  and is i n t e n d e d  f o r  e n g i n e e r i n g  and g e o l o g i c a l  s u r v e y s  f o r  

c o n s t r u c t i o n  on pe rmaf ros t .  

1 .2 .  C h a p t e r s  11-B.6-66 and 11-A.13-69 o f  t h e  C o n s t r u c t i o n  S t a n d a r d s  and 

R e g u l a t i o n s  l ist t h e  b a s i c  d e s i g n  c h a r a c t e r i s t i c s  o f  f r o z e n  s o i l s .  The 

p r e s e n t  handbook c o n t a i n s  recommended methods f o r  d e t e r m i n i n g  t h e s e  

c h a r a c t e r i s t i c s .  



1.3.  The s e c t i o n  on P h y s i c a l  p r o p e r t i e s  g i v e s  methods f o r  d e t e r m i n i n g  

t h e  t o t a l  m o i s t u r e  c o n t e n t ,  i c e  c o n t e n t ,  unf rozen  w a t e r ,  s p e c i f i c  w e i g h t ,  and 

s a l i n i t y ;  t h e  s e c t i o n  on Thermal p r o p e r t i e s  g i v e s  methods f o r  d e t e r m i n i n g  t h e  

h e a t  c a p a c i t y ,  c o n d u c t i v i t y  and d i f f u s i v i t y ,  and t h e  f r e e z i n g  p o i n t  o f  s a l i n e  

s o i l s ;  t h e  s e c t i o n  on Mechanical  p r o p e r t i e s  examines  t h e  problems o f  sample  

p r e p a r a t i o n  and r e q u i r e m e n t s  f o r  t e s t i n g  samples ,  a s  w e l l  a s  methods f o r  

d e t e r m i n i n g  t h e  c o m p r e s s i b i l i t y  o f  f r o z e n  and thawed s o i l ,  t h e  r e s i s t a n c e  o f  

f r o z e n  s o i l  t o  normal p r e s s u r e ,  t h e  r e s i s t a n c e  o f  f r o z e n  and thawed s o i l  t o  

s h e a r ,  r e s i s t a n c e  t o  s h e a r  a l o n g  t h e  l a t e r a l  s u r f a c e  o f  a f o u n d a t i o n ,  t h e  

t a n g e n t i a l  f o r c e  o f  h e a v i n g  d u r i n g  t h e  f r e e z i n g  o f  s o i l ,  and t h e  s t r e n g t h  o f  

i c e .  

1.4.  The s e t  o f  c h a r a c t e r i s t i c s  which must be  determined under  

l a b o r a t o r y  and f i e l d  c o n d i t i o n s  is de te rmined  by t h e  program o r  by t h e  

e n g i n e e r i n g  su rvey  r e q u i r e m e n t s ,  a s  compiled i n  accordance  w i t h  t h e  

s p e c i f i c a t i o n s  i n  c h a p t e r  11-A.13-69 o f  t h e  C o n s t r u c t i o n  S t a n d a r d s  and 

R e g u l a t i o n s  (C. S. & R . ) .  

The e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  t h e  c h a r a c t e r i s t i c s  which a r e  shown i n  

t h e  t a b l e s  i n  c h a p t e r  11-B.6-66 C. S. & R .  may a l s o  be  c a l l e d  f o r  by t h e  

program o r  by t h e  e n g i n e e r i n g  s u r v e y  f o r  complex f r o z e n  s o i l  c o n d i t i o n s  i n  t h e  

c a s e  o f  t h e  c o n s t r u c t i o n  o f  un ique  b u i l d i n g s  and s t r u c t u r e s .  I n c l u d e d  among 

such  p r o p e r t i e s ,  a s  s p e c i f i e d  i n  c h a p t e r  11-B.6-66 C .  S. & R.  a r e  t h e  

f o l l o w i n g :  t h e  c o n t e n t  o f  unf rozen  w a t e r  ( T a b l e  l ) ,  t h e  normal r e s i s t a n c e  o f  

f r o z e n  s o i l  t o  s h e a r  ( T a b l e  5 )  and t o  normal p r e s s u r e  ( T a b l e  6 ) ,  t h e r m a l  

c h a r a c t e r i s t i c s  ( T a b l e  l o ) ,  and t a n g e n t i a l  h e a v i n g  f o r c e s  ( s e c t i o n  5 .15) .  

1.5. The documentat ion which accompanies f r o z e n  s o i l  samples  which a r e  

d e l i v e r e d  t o  t h e  l a b o r a t o r y  must i n c l u d e ,  i n  a d d i t i o n  t o  t h e  u s u a l  

i n f o r m a t i o n ,  d a t a  on t h e  c r y o g e n i c  s t r u c t u r e  o f  t h e  s e c t i o n  o f  f r o z e n  ground 

from which t h e  sample was t aken .  

1.6. Under l a b o r a t o r y  c o n d i t i o n s  p u n c t a t e *  c h a r a c t e r i s t i c s  o f  t h e  

p r o p e r t i e s  o f  f r o z e n  s o i l  a r e  d e t e r m i n e d ,  i .e. c h a r a c t e r i s t i c s  which r e f l e c t  

t h e  p r o p e r t i e s  o f  a  l i m i t e d  volume o f  s o i l .  

The amount, we igh t  and volume o f  t h e  samples  o f  f r o z e n  s o i l  which a r e  t o  

be t a k e n  a r e  determined by t h e  program o f  o p e r a t i o n s  f o r  c a r r y i n g  o u t  t h e  

e n g i n e e r i n g  s u r v e y s .  

p u n c t a t e  - " a p p l i e d  t o  a  p o i n t v .  



BASIC CONCEPTS AND NOMENCLATURE OF FROZEN SOILS 

1.7. According t o  c h a p t e r  11-B.6-66 o f  t h e  C .  S. 8 R .  s o i l s  o f  a l l  t y p e s  

a r e  c a l l e d  f r o z e n  if t h e i r  t e m p e r a t u r e  i s  a t  o r  below f r e e z i n g  and t h e y  

c o n t a i n  i c e ;  s o i l s  a r e  c a l l e d  permanent ly  f r o z e n  i f  t h e y  are i n  t h e  f r o z e n  

s t a t e  o v e r  t h e  c o u r s e  o f  many ( 3  o r  more) y e a r s .  

1.8. The d e s i g n a t i o n  o f  t h e  t y p e s  o f  f r o z e n  s o i l s  f o l l o w s  t h e  

nomencla ture  o f  s o i l s  i n  c h a p t e r  11-B.l-6.2* F o o t i n g s  o f  b u i l d i n g s  and 

s t r u c t u r e s .  Design s t a n d a r d s  i n  accordance  w i t h  t h e  c h a r a c t e r i s t i c s  o f  t h e s e  

s o i l s  a f ter  t h e y  have thawed. 

I n  accordance  w i t h  c h a p t e r  11-B.6-66 o f  t h e  C .  S. 8 R. t h e  a d j e c t i v e  

powdery i s  added t o  t h e  d e s i g n a t i o n  o f  f r o z e n  c l a y e y  s o i l  i f  i t  c o n t a i n s  more 

t h a n  50% o f  p a r t i c l e s  0.05-0.005 mm i n  s i z e .  

I n  accordance  w i t h  c h a p t e r  11-B.l-62, non-rocky s o i l s  are c l a s s i f i e d  as: 

m a c r o c l a s t i c  - non-bonded s o i l s  c o n t a i n i n g  more t h a n  50% by we igh t  o f  

f r agments  of c r y s t a l l i n e  o r  f r a g m e n t a l  r o c k s  w i t h  p a r t i c l e s  l a r g e r  t h a n  2  mm; 

sandy - s o i l s  which are l o o s e  when d r y  and d o  n o t  e x h i b i t  p l a s t i c i t y  

(I  <1%), c o n t a i n i n g  l e s s  t h a n  50% by we igh t  o f  p a r t i c l e s  larger t h a n  2  mrn; 
P 

c l a y e y  - c o h e s i v e  s o i l s  w i t h  a p l a s t i c i t y  i n d e x  o f  I 3 1%. 
P 

Depending on t h e  p l a s t i c i t y  i n d e x ,  c l a y e y  s o i l s  are c h a r a c t e r i z e d  as 

f o l l o w s :  

sandy loams,  1% 4 Ip 6 7%;  

loams,  7% < Ip 6 1 7 % ;  

c l a y s ,  I > 17%. 
P 

Note: The p l a s t i c i t y  i n d e x  o f  s o i l  I i s  t h e  d e s i g n a t i o n  f o r  t h e  
P  

d i f f e r e n c e  between two weigh t  m o i s t u r e  c o n t e n t s ,  c o r r e s p o n d i n g  t o  two s o i l  

c o n d i t i o n s  - a t  t h e  l i q u i d  l i m i t  WL and a t  t h e  p l a s t i c  l i m i t  W e x p r e s s e d  
P ' 

as a percen tage .  

Note: M a c r o c l a s t i c  sandy and c l a y e y  s o i l s  a r e  j o i n t l y  d e s i g n a t e d  as 

non-rocky s o i l s .  



1.9.  I n  a c c o r d a n c e  w i t h  c h a p t e r  11-B.6-66 o f  t h e  C .  S. & R . ,  f r o z e n  

s o i l s  are c l a s s i f i e d  a c c o r d i n g  t o  t h e i r  c o n d i t i o n s  as f o l l o w s :  

a )  s o l i d l y  f r o z e n  - f i r m l y  bonded by i c e ,  c h a r a c t e r i z e d  by r e l a t i v e l y  

b r i t t l e  f r a c t u r e  and  p r a c t i c a l l y  i n c o m p r e s s i b i l i t y  u n d e r  no rma l  

b u i l d i n g  l o a d s ;  s o l i d l y  f r o z e n  s o i l s  i n c l u d e  s a n d y  and  c l a y e y  s o i l s  

i f  t h e i r  t e m p e r a t u r e s  are below: 
0 

-0.3 C f o r  powdery s a n d s ;  
0 

-0.6 C f o r  s andy  loams ;  
0 

-1 C f o r  l oams ;  

-1 .5 '~  f o r  c l a y s .  

b  p l a s t i c  f r o z e n  - bonded by ice b u t  e x h i b i t i n g  p l a s t i c i t y  ( a s  a 

r e s u l t  o f  t h e i r  s i g n i f i c a n t  c o n t e n t  o f  u n f r o z e n  water), a n d  which 

may undergo s u b s t a n t i a l  d e f o r m a t i o n  unde r  normal  b u i l d i n g  l o a d s ;  

c )  l o o s e  f r o z e n  - sandy  and  m a c r o c l a s t i c  s o i l s  which  are n o t  bonded by 

ice b e c a u s e  o f  t h e i r  low m o i s t u r e  c o n t e n t .  

Note: M a c r o c l a s t i c  f r o z e n  s o i l s  may e x i s t  i n  e i t h e r  t h e  s o l i d l y  f r o z e n  

o r  l o o s e  f r o z e n  s ta te  d e p e n d i n g  on  t h e i r  t e m p e r a t u r e ,  c o m p o s i t i o n ,  and  f i l l e r  

c h a r a c t e r i s t i c s ,  as well as o n  t h e  c o n d i t i o n s  of  o c c u r r e n c e  o f  t h e s e  s o i l s  

w i t h i n  t h e  gound mass. 

1.10.  I n  a d d i t i o n  t o  t h e  c h a r a c t e r i s t i c s  which are s p e c i f i e d  f o r  

u n f r o z e n  s o i l s  i n  c h a p t e r  11-A.13-69 o f  t h e  C .  S. & R . ,  c h a p t e r  11-B. 6-66 

s p e c i f i e s  a d d i t i o n a l  p h y s i c a l ,  t h e r m a l ,  and m e c h a n i c a l  p r o p e r t i e s ,  s u c h  as:  

a )  t o t a l  m o i s t u r e  c o n t e n t ;  

b )  ice  c o n t e n t ;  

c )  m o i s t u r e  d u e  t o  u n f r o z e n  water; 

d )  s p e c i f i c  w e i g h t ;  

e )  h e a t  c a p a c i t y ;  

f )  t h e r m a l  c o n d u c t i v i t y  and t h e r m a l  d i f f u s i v i t y ;  

g )  c o e f f i c i e n t s  o f  t hawing  and of  c o m p r e s s i b i l i t y  o f  t h a w i n g  s o i l ;  

h )  c o e f f i c i e n t s  o f  c o m p r e s s i b i l i t y  and  modulus o f  d e f o r m a t i o n  o f  f r o z e n  

s o i l  ; 

i )  r e s i s t a n c e  t o  s h e a r i n g  o f  f r o z e n  s o i l ;  

j) t a n g e n t i a l  h e a v i n g  f o r c e s ;  

k) a n g l e  o f  i n t e r n a l  f r i c t i o n  and c o h e s i o n  o f  f r o z e n  a n d  thawed s o i l ;  

1) r e s i s t a n c e  o f  f r o z e n  s o i l  t o  normal  p r e s s u r e ;  

m )  s t r e n g t h  o f  i c e  i n c l u s i o n s ;  

n )  s a l i n i t y .  



1.11. The h y d r o - p h y s i c a l  p r o p e r t i e s ,  s p e c i f i c  w e i g h t ,  and  p a r t i c l e  s i z e  

d i s t r i b u t i o n  o f  f r o z e n  s o i l s  are d e t e r m i n e d  a f t e r  t h e y  h a v e  thawed i n  

a c c o r d a n c e  w i t h  t h e  methodology f o r  u n f r o z e n  s o i l s  a s  p e r  S t a t e  S t a n d a r d  

5179-64 S o i l s .  L a b o r a t o r y  methods  f o r  d e t e r m i n i n g  m o i s t u r e  c o n t e n t ,  S t a t e  

S t a n d a r d  5183-64 S o i l s .  L a b o r a t o r y  method f o r  d e t e r m i n i n g  t h e  p l a s t i c  

l i m i t s ,  S t a t e  S t a n d a r d  5184-64 S o i l s .  L a b o r a t o r y  method f o r  d e t e r m i n i n g  t h e  

l i q u i d  l i m i t s ,  S t a t e  S t a n d a r d  5180-64 S o i l s .  L a b o r a t o r y  method f o r  

d e t e r m i n i n g  t h e  c o n t e n t  o f  h y g r o s c o p i c  water, S t a t e  S t a n d a r d  5181-64 S o i l s .  

L a b o r a t o r y  method f o r  d e t e r m i n i n g  t h e  s p e c i f i c  w e i g h t ,  and  S t a t e  S t a n d a r d  

12536-67 S o i l s .  L a b o r a t o r y  method f o r  d e t e r m i n i n g  t h e  p a r t i c l e  s i z e  

c o m p o s i t i o n .  The  above  men t ioned  c h a r a c t e r i s t i c s  are r e c o r d e d  o n  a fo rm 

( T a b l e  1 ) .  

T a b l e  1. 

Ilepe.re~b 11eo6xonu~ux xapawTcpncTwr ~icc.ieayemux o6pa3uos rpynros 
a- 

- q- 
x C: ~ ~ ! I ~ C T I I I I I I O C T I .  3 e p ~ o l ~ i 1 i  cocTnn n e p ~ o r o - r p y l l r a  I p a c ~ ~ p c ~ a i c ~ ~ ~ c  'IncTuu no KpynHocTll 

( d ,  X U )  B % K RCCY CYXDSO ~ p y l l ~ a ]  

a- L i s t  o f  t h e  r e q u i r e d  c h a r a c t e r i s t i c s  o f  s o i l  s a m p l e s  u n d e r  i n v e s t i g a t i o n  

b- Sample number;  c- L a b o r a t o r y  number;  d- G e o l o g i c a l  i n d e x ;  e- S u r v e y  h o l e  

number;  f-  Depth a t  which sample  was t a k e n ,  m; g- N o m e n c l a t u r a l  d e s i g n a t i o n  o f  

s o i l ;  h- C r y o g e n i c  s t r u c t u r e  o f  t h e  f r o z e n  s o i l ;  i- of  t h e  h o r i z o n  ( d e p t h  

i n t e r v a l ) ,  i n  am; j- o f  t h e  l a y e r ,  i n  mm; k- S p e c i f i c  w e i g h t  o f  t h e  m i n e r a l  
3 p a r t i c l e s  o f  t h e  s o i l  y g/cm ; 1- p l a s t i c i t y ,  i n  ; m- p l a s t i c  l i m i t  

P ' 
W p , % ;  n- l i q u i d  l i m i t  W L , % ;  0- p l a s t i c i t y  i n d e x  Ip ,%;  p- h y g r o s c o p i c  

m o i s t u r e  c o n t e n t ,  %; q-  P a r t i c l e  s i z e  c o m p o s i t i o n  o f  t h e  f r o z e n  s o i l  

[ d i s t r i b u t i o n  of  p a r t i c l e s  by s i z e  ( d ,  m m )  i n  % p e r  w e i g h t  o f  d r y  s o i l ] ;  r- 

method o f  p r e p a r a t i o n  f o r  a n a l y s i s .  



CRYOGENIC STRUCTURE 

1.12. Cryogenic  s t r u c t u r e  i s  unders tood  t o  mean t h e  s t r u c t u r e  o f  f r o z e n  

s o i l ,  as determined by t h e  f r e e z i n g  o f  t h e  w a t e r  c o n t a i n e d  t h e r e i n ,  and 

c h a r a c t e r i z e d  by t h e  d imens ions ,  s h a p e ,  and s p a t i a l  d i s t r i b u t i o n  o f  t h e  i c e .  

I c e  i n  f r o z e n  ground i s  c l a s s i f i e d  as  be ing :  

p o r e  i c e  ( i c e - c e m e n t ) ,  which is  found i n  t h e  p o r e s  o f  f r o z e n  s o i l  and 

b i n d s  t o g e t h e r  i ts i n d i v i d u a l  p a r t i c l e s  o r  a g g r e g a t e s  o f  p a r t i c l e s ;  

i c e  i n c l u s i o n s  - l a y e r s ,  l e n s e s ,  and o t h e r  i c e  shapes .  Depending on t h e  

t h i c k n e s s ,  i c e  i n c l u s i o n s  a r e  c l a s s i f i e d  as t h i n  ( l e s s  t h a n  2 mm), medium 

(2-20 mm), and t h i c k  (more t h a n  20 mm). 

Note: I c e  l a y e r s  and l e n s e s  which a r e  t h i c k e r  t h a n  0.3 m ,  depend ing  on 

t h e i r  bedding,  a r e  c a l l e d  s h e e t s  o r  v e i n s ;  t h e s e  f o r m a t i o n s  a r e  viewed a s  

e l e m e n t s  o f  t h e  makeup of a f r o z e n  ground mass and a r e  n o t  covered  by t h e  

concep t  "c ryogen ic  s t r u c t u r e " .  

1.13. I n  a c c o r d a n c e  w i t h  c h a p t e r  11-B.6-66 o f  t h e  C .  S. & R . ,  mass ive ,  

l a y e r e d ,  and r e t i c u l a t e  c r y o g e n i c  s t r u c t u r e s  o f  f r o z e n  s o i l  a r e  d i s t i n g u i s h e d .  

Massive c r y o g e n i c  s t r u c t u r e  i s  c h a r a c t e r i z e d  by t h e  homogeneous 

d i s t r i b u t i o n  o f  p o r e  i c e ,  and t h e  i c e  c o n t e n t  d u e  t o  i c e  i n c l u s i o n s  d o e s  n o t  

exceed 3% o f  t h e  t o t a l  volume o f  f r o z e n  s o i l  ( I C .  6 0.03).* 
1 

Layered c r y o g e n i c  s t r u c t u r e  i s  c h a r a c t e r i z e d  by t h e  p r e s e n c e  o f  

i n c l u s i o n s  i n  t h e  form o f  l a y e r s  and l e n s e s  (ICi > 0.03) .  The i c e  

i n c l u s i o n s  may be p o s i t i o n e d  h o r i z o n t a l l y ,  o b l i q u e l y ,  o r  v e r t i c a l l y ,  and t h e  

d i s t r i b u t i o n  may be uniform o r  nonuniform. 

R e t i c u l a t e  c r y o g e n i c  s t r u c t u r e  is c h a r a c t e r i z e d  by t h e  a r rangement  o f  t h e  

i c e  i n c l u s i o n s  i n  t h e  form of  a n e t  ( IC > 0.03) .  The s h a p e  o f  t h e  i c e  
i 

network may be r e c t i l i n e a r ,  comple te ,  o r  i r r e g u l a r ,  i n c o m p l e t e ,  e t c .  

1.14. When d e s c r i b i n g  c r y o g e n i c  s t r u c t u r e  i t  i s  n e c e s s a r y  t o  r e c o r d  t h e  

d imensions  o f  i c e  i n c l u s i o n s  and t h e  d i s t a n c e s  between them. 

Depending on t h e  d i s t a n c e  between t h e  i c e  i n c l u s i o n s  (which a r e  t h i c k ,  

medium, o r  t h i n ) ,  l a y e r e d  c r y o g e n i c  s t r u c t u r e  i s  c a t e g o r i z e d  a s  b e i n g  

c l o s e l y - l a y e r e d  ( l e s s  t h a n  1 0  mrn) , medium-layered (10-100 mm) , and 

s p o r a d i c a l l y - l a y e r e d  (more t h a n  100 a m ) .  

* I C i  - v o l u m e t r i c  i c e  c o n t e n t  due t o  i c e  i n c l u s i o n s  e x p r e s s e d  a s  a r a t i o  

o f  t h e  t o t a l  volume o f  f r o z e n  s o i l .  



Depending  on  t h e  d i m e n s i o n s  o f  t h e  mesh, r e t i c u l a t e  c r y o g e n i c  s t r u c t u r e  

is c l a s s i f i e d  a s  smal l -mesh  ( l e s s  t h a n  1 0  mm), medium-mesh (10-100 m r n ) ,  a n d  

la rge-mesh  (more t h a n  1 0 0  mm). 

The n o m e n c l a t u r e  f o r  t h e  c r y o g e n i c  s t r u c t u r e  o f  f r o z e n  s o i l  i n c l u d e s  b o t h  

o f  t h e  a b o v e  men t ioned  f e a t u r e s  - t h e  t h i c k n e s s  o f  t h e  i c e  i n c l u s i o n s  a n d  t h e  

d i s t a n c e  be tween them (and  f o r  t h i s  r e a s o n  is  o f  a t w o - p a r t  c h a r a c t e r ,  f o r  

example ,  t h i n  c l o s e l y - l a y e r e d ,  t h i c k  l a r g e - m e s h ,  e t c . ) .  

1 .15 .  Under n a t u r a l  c o n d i t i o n s  t r a n s i t i o n a l  v a r i e t i e s  of c r y o g e n i c  

s t r u c t u r e s  are o f t e n  e n c o u n t e r e d ,  s u c h  as  d i s c o n t i n u o u s -  and i n c o m p l e t e l y  

l a y e r e d ,  l a y e r e d - r e t i c u l a t e  randomly  and  i n c o m p l e t e l y  r e t i c u l a t e ,  e t c .  

Somet imes  c r y o g e n i c  s t r u c t u r e s  c a n  b e  c l a s s i f i e d  o n l y  c o n d i t i o n a l l y .  I t  is 

o f t e n  p o s s i b l e  t o  see complex  f r o z e n  g r o u n d  s t r u c t u r e  as  a c o n s e q u e n c e  o f  t h e  

o v e r l a p  and  a l t e r n a t i o n  o f  two o r  more c r y o g e n i c  s t r u c t u r e s ;  i n  s u c h  c a s e s  o n e  

o u g h t  t o  d i s t i n g u i s h  be tween c r y o g e n i c  s t r u c t u r e s  o f  d i f f e r e n t  t y p e s ,  wh ich  

are formed by i c e  i n c l u s i o n s  which  d i f f e r  f rom e a c h  o t h e r  i n  s i z e ,  a n d  i n  t h e  

i n t e r v a l  be tween  t h e m .  

1.16.  T h e  e s t i m a t i o n  o f  t h e  a v e r a g e  i n d i c a t o r  of a p a r t i c u l a r  p r o p e r t y  

o f  a g i v e n  p a r t  o f  a nonun i fo rm f r o z e n  mass p r e s u p p o s e s  i ts  d i v i s i o n  i n t o  

volumes  w i t h i n  which t h e  d i s t r i b u t i o n  o f  t h e  g i v e n  p r o p e r t y  may b e  c o n s i d e r e d  

t o  b e  u n i f o r m ,  w i t h i n  a known m a r g i n  o f  error. The  m a g n i t u d e  o f  t h e  i n d i c a t o r  

is d e t e r m i n e d  fo r  each o f  t h e  s e l e c t e d  vo lumes ,  a n d  t h e  v a l u e s  wh ich  are  

o b t a i n e d  are u s e d  t o  c h a r a c t e r i z e  t h e  e n t i r e  mass o r  i t s  p a r t s .  

1 .17 .  The  s t u d y  o f  c r o s s  s e c t i o n s  o f  f r o z e n  s o i l ,  which  are  

d i s t i r i g u i s h e d  by a cornplex c r y o g e n i c  s t r u c t u r e ,  o u g h t  t o  b e g i n  w i t h  t h e  

d i v i s i o n  of t h e  c r o s s  s e c t i o n  i n t o  h o r i z o n s ,  which are c h a r a c t e r i z e d  by a 

c r y o g e n i c  s t r u c t u r e  o f  t h e  f irst  o r d e r ,  which  i s  formed by a s y s t e m  o f  i c e  

i n c l u s i o n s  which  are t h e  l a r g e s t  i n  t h e  g i v e n  c r o s s  s e c t i o n .  W i t h i n  t h e  

h o r i z o n s ,  l a y e r s  are d i s t i n g u i s h e d  be tween  t h e  l a r g e s t  i c e  i n c l u s i o n s .  Each 

l a y e r  is c h a r a c t e r i z e d  by a c r y o g e n i c  s t r u c t u r e  o f  t h e  s e c o n d  o r d e r ,  wh ich  i s  

a s s o c i a t e d  w i t h  smaller i c e  i n c l u s i o n s .  Between t h e s e  i n c l u s i o n s  we f i n d  

small m i n e r a l  l a y e r s  and  s t r u c t u r a l  u n i t s  which  are cemen ted  t o g e t h e r  by p o r e  

ice. 



1.18. The s e l e c t i o n  o f  t h e  samples  o f  f r o z e n  s o i l  and t h e  d e t e r m i n a t i o n  

of t h e  i n d i c a t o r s  o f  t h e i r  p h y s i c a l ,  t h e r m a l ,  and mechanical  p r o p e r t i e s  must 

be c a r r i e d  o u t  i n  s u c h  a  way as t o  c h a r a c t e r i z e  e a c h  o f  t h e  i s o l a t e d  f r o z e n  

s o i l  l a y e r s  and t o  g e n e r a l i z e  t h e s e  i n d i c a t o r s  f o r  t h e  h o r i z o n  o r  a p o r t i o n  o f  

it. 

1.19. When d e t e r m i n i n g  t h e  p h y s i c a l ,  t h e r m a l ,  and mechan ica l  p r o p e r t i e s  

o f  f r o z e n  s o i l s  it  is  n e c e s s a r y  t o  have t h e  f o l l o w i n g  i n f o r m a t i o n  a b o u t  t h e i r  

c r y o g e n i c  s t r u c t u r e  : 

a )  a d e s c r i p t i o n  o f  t h e  e l e m e n t s  of t h e  c r y o g e n i c  s t r u c t u r e  of t h e  

h o r i z o n s  and l a y e r s  o f  t h e  f r o z e n  s o i l :  t h e  shape  o f  t h e  i c e  

i n c l u s i o n s  ( s m a l l  l a y e r s ,  l e n s e s ,  e t c . ) ,  t h e i r  d imens ions  

( t h i c k n e s s ,  e x t e n t ,  u n i f o r m i t y  a l o n g  t h e  b e d ) ,  n a t u r e  o f  o c c u r r e n c e  

( h o r i z o n t a l ,  o b l i q u e ,  v e r t i c a l ,  un i fo rm o r  nonun i fo rm) ,  and t h e  

i n t e r v a l  between t h e  i c e  i n c l u s i o n s ;  

b )  t h e  i c e  c o n t e n t  which is  due t o  t h e  i c e  i n c l u s i o n s :  i n  t h e  c a s e  o f  

l a y e r e d  c r y o g e n i c  s t r u c t u r e  w i t h  i c e  i n c l u s i o n s  t h i c k e r  t h a n  1 0  m a ,  

it is n e c e s s a r y  t o  have d i r e c t  measurement d a t a  on t h e i r  t h i c k n e s s ,  

as  w e l l  as t h e i r  t o t a l  t h i c k n e s s  p e r  1 m o f  c r o s s  s e c t i o n ;  i n  t h e  

c a s e  o f  r e t i c u l a t e  c r y o g e n i c  s t r u c t u r e  t h e  computa t ion  o f  t h e  t o t a l  

t h i c k n e s s  o f  t h e  i c e  i n c l u s i o n s  i s  c a r r i e d  o u t  v e r t i c a l l y  and 

h o r i z o n t a l l y  a l o n g  t h e  c r o s s  s e c t i o n  and r e l a t e d  t o  1 m2 o f  t h e  

a r e a .  The computat ion of t h e  t o t a l  t h i c k n e s s  o f  t h e  i c e  i n c l u s i o n s  

i s  c a r r i e d  o u t  f o r  each  h o r i z o n ,  o r  p a r t  o f  a h o r i z o n ,  i f  t h e  

h o r i z o n  is more t h a n  1-1.5 m t h i c k ;  

c )  a d e s c r i p t i o n  o f  t h e  m i n e r a l  o r  organo-minera l  component o f  t h e  

f r o z e n  s o i l :  t h e  d imensions  and shape  o f  t h e  small m i n e r a l  l a y e r s  

and s t r u c t u r a l  u n i t s ,  t h e  l i t h o l o g i c a l  compos i t ion ,  t h e  c o l o r ,  t h e  

p e a t  c o n t e n t  (humus and p l a n t  r e m a i n s ) ,  t h e  l e v e l  o f  g l e i z a t i o n ,  

i n c l u s i o n s  and newly formed m i n e r a l s ,  t e x t u r a l  f e a t u r e s  ( l a y e r i n g ,  

p o r o s i t y ,  f i s s u r e s ) ,  and t h e  a t t i t u d e .  
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1.20.  The  d e s i g n a t i o n  o f  a s a m p l e  o f  f r o z e n  s o i l  is  a p p l i e d  t o  a c e r t a i n  

volume o f  s o i l  which  h a s  been  t a k e n  f rom a f r o z e n  g round  mass. The s a m p l e s  o f  

f r o z e n  s o i l  are t a k e n  e i t h e r  i n  s u c h  a way as t o  p r e s e r v e  t h e  n a t u r a l  f r o z e n  

makeup and  m o i s t u r e  c o n t e n t  ( o f  t h e  m o n o l i t h  o r  c o r e  s a m p l e ) ,  o r  w i t h o u t  

t a k i n g  s u c h  c a r e .  The  q u a n t i t y ,  w e i g h t ,  and  volume o f  t h e  s o i l  s a m p l e s  is  

d e t e r m i n e d  by t h e  work program f o r  t h e  e n g i n e e r i n g  s u r v e y s .  

1.21. Samples  wh ich  h a v e  been  d i s t u r b e d  and  m o n o l i t h s  ( o r  c o r e  s a m p l e s )  

o f  f r o z e n  s o i l  are t a k e n  f rom f r e s h l y  p r e p a r e d  f a c e s  and  walls  o f  o p e n  p i t s ,  

m ines  o r  b o r e  h o l e s .  

The  t o p  o f  a m o n o l i t h  ( o r  c o r e  s a m p l e )  o f  f r o z e n  s o i l  i s  marked 

i m m e d i a t e l y  a f t e r  i t  is t a k e n .  M o n o l i t h s  ( o r  c o r e  s a m p l e s ) ,  as  well as 

s a m p l e s  o f  d i s t u r b e d  c o m p o s i t i o n ,  are l a b e l e d .  The  l a b e l  must  i n c l u d e  t h e  

f o l l o w i n g  i n f o r m a t i o n :  

a )  t h e  name o f  t h e  o r g a n i z a t i o n  which is c a r r y i n g  o u t  t h e  s u r v e y ;  

b )  t h e  name o r  number o f  t h e  s u r v e y  crew ( e x p e d i t i o n ) ;  

c )  t h e  s i t e  d e s i g n a t i o n ;  

d )  t h e  number o f  t h e  s a m p l e ;  

e) t h e  name, t y p e ,  and  number o f  t h e  w o r k i n g s ;  

f )  t h e  d e p t h  a t  which  t h e  s a m p l e  was t a k e n ;  

g )  a d e s c r i p t i o n  o f  t h e  c r y o g e n i c  s t r u c t u r e  o f  t h e  f r o z e n  s o i l  a t  t h e  

s a m p l i n g  s i t e ;  

h )  t h e  v i s u a l  d e s c r i p t i o n  a n d  c l a s s i f i c a t i o n  o f  t h e  s o i l ;  

i )  t h e  f u n c t i o n  a n d  name o f  t h e  p e r s o n  c a r r y i n g  o u t  t h e  s a m p l i n g ,  a n d  

h i s  s i g n a t u r e ;  

j )  t h e  d a t e  o f  s a m p l i n g .  

The  l a b e l  must  b e  c l e a r l y  f i l l e d  o u t  u s i n g  a n  o r d i n a r y  l e a d  p e n c i l .  

1 .22.  I n  o r d e r  t o  d e t e r m i n e  t h e i r  p h y s i c a l ,  t h e r m a l ,  a n d  m e c h a n i c a l  

p r o p e r t i e s ,  d i s t u r b e d  s a m p l e s  a n d  m o n o l i t h s  ( o r  c o r e  s a m p l e s )  o f  f r o z e n  s o i l  

are t a k e n  o n l y  f r o m  masses o f  f r o z e n  s o i l  which  h a v e  a m a s s i v e ,  

t h i n l y - l a y e r e d ,  o r  smal l -mesh  r e t i c u l a t e  s t r u c t u r e  ( s e c t i o n s  1 .13 ,  1 .14 ) .  

When l a r g e  ice  i n c l u s i o n s  are p r e s e n t  i n  t h e  c r o s s  s e c t i o n  t h e  s a m p l e s  are 

t a k e n  f rom be tween them,  w h i l e  s i m u l t a n e o u s l y  m e a s u r i n g  t h e  t h i c k n e s s  o f  t h e  

ice  i n c l u s i o n s  a n d  t h e  d i s t a n c e s  be tween them. 



1.23.  M o n o l i t h s  o f  f r o z e n  s o i l  are t a k e n  when t h e  a i r  t e m p e r a t u r e  is 

below f r e e z i n g ;  d u r i n g  t h e  w a r m  p e r i o d s  o f  t h e  y e a r  t h e  s a m p l i n g  o f  m o n o l i t h s  

o f  f r o z e n  s o i l  is p e r m i t t e d  u n d e r  t h e  c o n d i t i o n  t h a t  t h e y  be k e p t  f r o z e n  a n d  

t h a t  t h e y  be  immedia t e ly  b r o u g h t  i n t o  a b u i l d i n g  h a v i n g  a n  a i r  t e m p e r a t u r e  

below f r e e z i n g  ( O'C ) . 
1.24. M o n o l i t h s  o f  f r o z e n  s o i l  are sampled ,  f rom open p i t s  and  m i n e s ,  i n  

t h e  form o f  a cube  h a v i n g  s i d e s  a t  least  1 0  cm l o n g  i n  t h e  case o f  c l a y e y  a n d  

sandy s o i l s ,  n o t  less  t h a n  20 cm l o n g  i n  t h e  case o f  g r u s  and  g r a v e l l y  s o i l s ,  

and  n o t  less t h a n  30 c m  i n  t h e  case o f  s t o n y  and  pebb ly  s o i l s .  I t  is 

p e r m i s s i b l e  t o  t a k e  m o n o l i t h s  o f  f r o z e n  s o i l  h a v i n g  random s h a p e s ,  b u t  t h e  

above  d i m e n s i o n s  must b e  m a i n t a i n e d  a s  a minimum. The d i a m e t e r  o f  c o r e  

samples  o f  f r o z e n  s o i l s  which  are t a k e n  f rom b o r e  h o r e s  i n  o r d e r  t o  d e t e r m i n e  

t h e  p h y s i c a l ,  t h e r m a l ,  and  m e c h a n i c a l  p r o p e r t i e s  o f  m a c r o c l a s t i c  s o i l s  must  b e  

n o t  less t h a n  200 mm, and n o t  less t h a n  94 mm f o r  o t h e r  s o i l  t y p e s ,  t h e  h e i g h t  

b e i n g  n o t  less t h a n  o n e  and  n o t  more t h a n  two times t h e  d i a m e t e r .  

1.25. Samples  o f  d i s t u r b e d  f r o z e n  s o i l  are p l a c e d  i n t o  s l u d g e  bags .  The 

w e i g h t  o f  e a c h  f r o z e n  s o i l  s ample  must b e  n o t  less t h a n :  

a )  1 . 5  kg  i n  t h e  case o f  c l a y e y  s o i l s ;  

b )  2  kg i n  t h e  c a s e  o f  s andy  s o i l s ;  

c )  1 0  kg i n  t h e  case o f  m a c r o c l a s t i c  s o i l s .  

Note: The p r e s e r v a t i o n  o f  t h e  f r o z e n  s ta te  a n d  t h e  m o i s t u r e  c o n t e n t  o f  t h e s e  

s a m p l e s  is n o t  p r o v i d e d  f o r .  These  s a m p l e s  c a n n o t  be  used  t o  d e t e r m i n e  t h e  

t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  f r o z e n  s o i l .  

1 .26 .  D i s t u r b e d  s a m p l e s  o f  f r o z e n  s o i l  which are t o  be  u s e d  f o r  

d e t e r m i n i n g  t o t a l  m o i s t u r e  c o n t e n t  are t a k e n ,  w i t h o u t  b e i n g  a l l o w e d  t o  thaw 

o u t ,  a s  f o l l o w s :  

a )  f rom sandy  and c l a y e y  s o i l s  w i t h  m a s s i v e  s t r u c t u r e  i n  amounts  o f  n o t  

less t h a n  5 0  g  which  are p l a c e  i n t o  pre-weighed metal s a m p l e  

c o n t a i n e r s ;  

b )  f rom sandy and c l a y e y  s o i l s  w i t h  l a y e r e d  and  r e t i c u l a t e  s t r u c t u r e  i n  

amounts  o f  n o t  less t h a n  2  kg  which  are p l a c e d  i n t o  p l a s t i c  b a g s ;  

c )  from m a c r o c l a s t i c  s o i l s ,  r e g a r d l e s s  o f  t h e i r  c r y o g e n i c  s t r u c t u r e ,  i n  

amounts  o f  2-3 kg which  are p l a c e d  i n t o  pre-weighed metal c o n t a i n e r s  

which have  l i d s .  



Samples  which are u s e d  f o r  d e t e r m i n i n g  t h e  t o t a l  m o i s t u r e  c o n t e n t  o f  

f r o z e n  s o i l  are weighed  i m m e d i a t e l y  a f t e r  s a m p l i n g .  Those  w i t h  m a s s i v e  

s t r u c t u r e  a r e  weighed  u s i n g  a c o u n t e r - b a l a n c e  t o  a n  a c c u r a c y  o f  0 .01  g ;  a l l  

o t h e r s  are weighed u s i n g  commerc i a l  scales t o  a n  a c c u r a c y  o f  1 g. 

1.27. The  deve lopmen t  o f  o p e n  work ings  d u r i n g  t h e  warm p a r t  o f  t h e  y e a r  

is p e r m i t t e d  o n l y  a t  l o c a t i o n s  where  p r o v i s i o n  h a s  been  made f o r  t h e  r emova l  

o f  s u r f a c e  and  s u p r a p e r m a f r o s t  water. 

I n  a c c o r d a n c e  w i t h  c h a p t e r  II-A.13-69 o f  t h e  C. S. & R . ,  t h e  h o l e s  are  

l1dryl1 d r i l l e d  w i t h  t h e  d r i l l i n g  t o o l  r e v o l v i n g  a t  a r e d u c e d  s p e e d .  The  u s e  o f  

f l u s h  f l u i d s  d u r i n g  d r i l l i n g  is  n o t  p e r m i t t e d .  P re -coo led  compres sed  a i r  i s  

used .  The  d r i l l i n g  d i a m e t e r  must  be  1.5-2 times t h e  d i a m e t e r  o f  t h e  s amples .  

1.28. The p a c k i n g  o f  m o n o l i t h s  ( o r  c o r e  s a m p l e s )  o f  f r o z e n  s o i l  i s  

c a r r i e d  o u t  when t h e  a i r  t e m p e r a t u r e  is  below f r e e z i n g .  I n  o r d e r  t o  i s o l a t e  

them f rom t h e i r  e x t e r n a l  e n v i r o n m e n t  t h e  m o n o l i t h s  ( o r  c o r e  s a m p l e s )  a re  

t r e a t e d  w i t h  p a r a f f i n  o r  c o a t e d  w i t h  a c r u s t  o f  ice .  Each m o n o l i t h  ( o r  c o r e  

s a m p l e )  must  be  p r o v i d e d  w i t h  a l a b e l  on  its u p p e r  s u r f a c e .  

P a r a f f i n  T r e a t m e n t  

The  m o n o l i t h  ( o r  c o r e  s a m p l e )  is  t i g h t l y  wrapped i n  s e v e r a l  l a y e r s  o f  

g a u z e  and  t h e n  c o a t e d  w i t h  a l a y e r  o f  p a r a f f i n  2-3 mrn t h i c k  by r e p e a t e d l y  

p o u r i n g  m o l t e n  p a r a f f i n  o v e r  i t  o r  by submerg ing  t h e  m o n o l i t h  ( o r  c o r e  s a m p l e )  

i n  a v e s s e l  c o n t a i n i n g  m o l t e n  p a r a f f i n .  

The  t e m p e r a t u r e  o f  t h e  m o l t e n  p a r a f f i n  s h o u l d  n o t  e x c e e d  6 0 ' ~ ;  i n  o r d e r  

t o  i n c r e a s e  t h e  p l a s t i c i t y  o f  t h e  p a r a f f i n ,  t a r  is  added  (35-502 by w e i g h t ) .  

C o a t i n g  With Ice 

The m o n o l i t h  ( o r  c o r e  s a m p l e )  is  wrapped w i t h  s e v e r a l  l a y e r s  o f  g a u z e  o r  

t r a c i n g  c l o t h  and  a l a y e r  o f  ice is  b u i l t  up  o n  i t  e i t h e r  by r e p e a t e d l y  

submerg ing  i t  i n  c o o l e d  f r e s h  water, o r  by s p r a y i n g  i t  w i t h  small p o r t i o n s  o f  

c o o l e d  water u n t i l  a c r u s t  of  ice  a t  l eas t  1 cm t h i c k  f o r m s  o n  t h e  s u r f a c e  o f  

t h e  s ample .  



1.29.  F r o z e n  s o i l  m o n o l i t h s  ( o r  c o r e  s a m p l e s )  which  are t o  b e  

t r a n s p o r t e d  t o  a l a b o r a t o r y  which  is  a t  some d i s t a n c e  f rom t h e  s a m p l i n g  s i t e ,  

af ter  b e i n g  t r e a t e d  w i t h  p a r a f f i n  o r  c o a t e d  w i t h  i c e ,  are p l a c e d  i n t o  boxes  

i n t o  which  a 3-4 cm l a y e r  o f  i n s u l a t i o n  h a s  b e e n  p l a c e d  o n  t h e  b o t t o m  

( s a w d u s t ,  wood s h a v i n g s ,  d r y  moss o r  p e a t ,  " p ~ r o l o n ~ ~ ,  etc . ) .  The m o n o l i t h s  

( o r  c o r e  s a m p l e s )  are packed  i n t o  t h e  box i n  s u c h  a way as  t o  l e a v e  a s p a c e  o f  

3-4 cm between them and  t h e  walls o f  t h e  box ,  and  a s p a c e  o f  2-3 c m  be tween  

a d j a c e n t  m o n o l i t h s  ( o r  c o r e  s a m p l e s ) ;  a l l  of  t h e  empty s p a c e  i s  packed  w i t h  

t h e r m a l  i n s u l a t i o n .  A d e s c r i p t i o n  o f  t h e  m o n o l i t h s  ( o r  c o r e  s a m p l e s ) ,  wrapped 

i n  t r a c i n g  p a p e r ,  is p l a c e d  u n d e r  t h e  l i d  o f  t h e  box.  The b o x e s  are numbered 

and  l a b e l l e d  w i t h  t h e  words  "Top", "Do n o t  tilt", and  t h e  a d r e s s e s  o f  t h e  

s e n d e r  and  t h e  r e c i p i e n t .  

The  m o n o l i t h s  ( o r  c o r e  s a m p l e s )  o f  f r o z e n  s o i l  are packed  i n t o  t h e  b o x e s  

o n l y  when t h e  a i r  t e m p e r a t u r e  is below f r e e z i n g .  

1.30. Samples  which are b e i n g  s e n t  t o  a l a b o r a t o r y  which  is  i n  t h e  

immed ia t e  v i c i n i t y  o f  t h e  s a m p l i n g  a r e a  are d e l i v e r e d  w i t h o u t  b e i n g  packed  i n  

b o x e s ,  b u t  t h e y  must  b e  accompanied  by a p e r s o n  who is  r e s p o n s i b l e  f o r  t h e i r  

s a f e t y .  

1.31. The  t r a n s p o r t  o f  boxed s a m p l e s  o f  f r o z e n  s o i l  o v e r  l o n g  d i s t a n c e s  

( b y  r a i l r o a d ,  m a r i n e ,  or  r i v e r  t r a n s p o r t )  is c a r r i e d  o u t  o n l y  when t h e  

t e m p e r a t u r e  o f  t h e  a i r  is  below f r e e z i n g .  Dur ing  t h e  w a r m  p e r i o d  o f  t h e  y e a r  

s a m p l e s  are t r a n s p o r t e d  i n  r e f r i g e r a t e d  chambers .  M o n o l i t h s  ( o r  c o r e  s a m p l e s )  

o f  f r o z e n  s o i l  may be  t r a n s p o r t e d  by normal  t r a n s p o r t  means d u r i n g  t h e  warm 

p a r t  o f  t h e  y e a r  o n l y  u n d e r  t h e  c o n d i t i o n  t h a t  t h e  t r a n s p o r t  time d o e s  n o t  

e x c e e d  3 h o u r s .  

D u r i n g  t r a n s p o r t  t h e  m o n o l i t h s  ( o r  c o r e  s a m p l e s )  must  n o t  b e  s u b j e c t e d  t o  

s h a r p  dynamic  f o r c e s  o r  t o  s i g n i f i c a n t  t e m p e r a t u r e  f l u c t u a t i o n s .  

1.32. When c a r r y i n g  o u t  g e o l o g i c a l  e n g i n e e r i n g  r e s e a r c h  d u r i n g  t h e  w a r m  

p a r t  o f  t h e  y e a r ,  f r o z e n  s o i l  m o n o l i t h s  ( o r  c o r e  s a m p l e s )  c a n  b e  p r o t e c t e d  

f rom t h a w i n g  o n l y  by i m m e d i a t e l y  p l a c i n g  them i n t o  a r e f r i g e r a t e d  chamber o r  

a n  unde rg round  f i e l d  l a b o r a t o r y  where  t h e  t e m p e r a t u r e  is  below f r e e z i n g  

( 0 ' ~ )  ( F i g u r e  1). F r o z e n  s o i l  s a m p l e s  are t r a n s p o r t e d  f rom t h e  b o r e  h o l e s  

t o  t h e  unde rg round  f i e l d  l a b o r a t o r i e s  o r  r e f r i g e r a t e d  chambers  by means o f  

s p e c i a l  t h e r m a l  c o n t a i n e r s .  T h e s e  c o n t a i n e r s  are i n  t h e  f o r m  o f  wooden b o x e s  

h a v i n g  d o u b l e  walls, t h e  s p a c e  be tween b e i n g  f i l l e d  w i t h  t h e r m a l  i n s u l a t i o n  

( b a t t i n g ,  foam p l a s t i c ,  e t c . ) .  The  l i d s  o f  t h e  c o n t a i n e r s  are c o v e r e d  w i t h  

f e l t i n g .  



1.33. Monol i ths  ( o r  c o r e  samples )  o f  f r o z e n  s o i l  which a r e  d e l i v e r e d  t o  

t h e  l a b o r a t o r i e s  are s t o r e d  i n  r e f r i g e r a t e d  chambers a t  below f r e e z i n g  

t e m p e r a t u r e s  and a r e l a t i v e  humid i ty  o f  t h e  a i r  o f  n o t  less t h a n  80%. 

F i g u r e  1. Schemat ic  diagram o f  a  f i e l d  l a b o r a t o r y  

1- deck ing  - p l a t f o r m  o f  t h i c k  b o a r d s ;  2- t h e r m a l  i n s u l a t i o n  ( p e a t ,  moss, 

sawdust  - 30 cm-thick l a y e r ) ;  3- e a r t h  bank; 4- d o u b l e  h a t c h  made o f  

b o a r d s ;  5- s i n g l e  h a t c h  made o f  b o a r d s ;  6- d e e p e s t  s e a s p n a l  thawing 

boundary;  7- p i t  walls; 8- awning 



2. PHYSICAL PROPERTIES 

2.1. The main p h y s i c a l  p r o p e r t i e s  o f  f r o z e n  s o i l s ,  which  are t h e  t o t a l  

m o i s t u r e  c o n t e n t ,  ice c o n t e n t  and  s p e c i f i c  w e i g h t ,  depend on  t h e  c r y o g e n i c  

s t r u c t u r e  o f  t h e  s o i l .  F o r  t h i s  r e a s o n ,  i t  is  i m p o r t a n t  t h a t  t h e  i n d i c a t o r s  

o f  t h e s e  p r o p e r t i e s  be d e t e r m i n e d  t a k i n g  i n t o  a c c o u n t  t h e  p e c u l i a r i t i e s  o f  t h e  

c r y o g e n i c  s t r u c t u r e  o f  t h e  f r o z e n  s o i l s  u n d e r  t h e  c o n d i t i o n s  i n  which t h e y  are 

n a t u r a l l y  found.  

2.2. F r o z e n  s o i l s  w i t h  l a y e r e d  and r e t i c u l a t e  s t r u c t u r e  e x h i b i t  

pronounced a n i s o t r o p y  a n d  uneven s p a t i a l  d i s t r i b u t i o n  o f  t h e i r  p r o p e r t i e s  

w i t h i n  t h e  mass. I n  o r d e r  t o  e v a l u a t e  t h e  p r o p e r t i e s  o f  s u c h  s o i l s  u s e  is  

made o f  t h e  a v e r a g e d  v a l u e s  o f  t h e i r  c h a r a c t e r i s t i c s  ( s e c t i o n s  1 .16-1 .18) ,  as 

d e t e r m i n e d  from a series o f  samples .  

F r o z e n  s o i l s  w i t h  m a s s i v e  s t r u c t u r e ,  which are d i s t i n g u i s h e d  by t h e i r  

u n i f o r m  s t r u c t u r e  and  d i s t r i b u t i o n  o f  p r o p e r t i e s ,  are c h a r a c t e r i z e d  by t h e  

t e s t  r e s u l t s  f rom a s i n g l e  s ample  ( w i t h  r e p e a t a b i l i t y ) .  

2.3. The a v e r a g e d  v a l u e s  o f  t h e  c h a r a c t e r i s t i c s  o f  f r o z e n  s o i l  must  be  

accompanied  by d a t a  o n  t h e  s p e c i f i c  d i m e n s i o n s  o f  t h e  p a r t  o f  t h e  g e o l o g i c a l  

c r o s s  s e c t i o n  f o r  which t h e y  were  d e t e r m i n e d ,  inasmuch as t h e  i n d i c a t o r s  o f  

t h e s e  c h a r a c t e r i s t i c s  v a r y  d e p e n d i n g  on t h e  d i m e n s i o n s  o f  t h e  p a r t  o f  t h e  mass 

which is  t e s t e d .  I n  c o n n e c t i o n  w i t h  t h i s ,  t h e  t o t a l  m o i s t u r e  c o n t e n t ,  i c e  

c o n t e n t ,  and  s p e c i f i c  w e i g h t  o f  f r o z e n  s o i l  are d e t e r m i n e d  f o r  t h e  main 

components  o f  t h e  c r o s s  s e c t i o n ,  i .e.  l a y e r s  a n d  h o r i z o n s  ( o r  f o r  s p e c i f i e d  

v e r t i c a l  i n t e r v a l s ) .  

2.4. The  p h y s i c a l  p r o p e r t i e s  o f  f r o z e n  s o i l s ,  i n  a d d i t i o n  t o  t h e i r  

c r y o g e n i c  s t r u c t u r e ,  a l s o  depend oq  t h e i r  s a l i n i t y .  With  i n c r e a s i n g  s a l i n i t y  

t h e r e  i s  a s h a r p  i n c r e a s e  i n  t h e  c o n t e n t  o f  u n f r o z e n  water, which i n  t u r n  h a s  

a s i g n i f i c a n t  e f f e c t  o n  t h e  t h e r m a l  and m e c h a n i c a l  p r o p e r t i e s  o f  s o i l s .  

MOISTURE CONTENT 

Sandy and  C l a y e y  S o i l s  

2.5. Accord ing  t o  S t a t e  S t a n d a r d  5179-64, t h e  m o i s t u r e  c o n t e n t  o f  s o i l  

is u n d e r s t o o d  t o  mean i t s  c o n t e n t  o f  water which is d r i v e n  o f f  by d r y i n g  a t  a 
0 

t e m p e r a t u r e  o f  100-105 C u n t i l  a c o n s t a n t  w e i g h t  is a c h i e v e d .  The m o i s t u r e  

c o n t e n t  v a l u e  is e x p r e s s e d  as a p e r c e n t a g e  o r  as  a d e c i m a l  f r a c t i o n  o f  t h e  

w e i g h t  o f  t h e  d r y  s o i l .  



The t o t a l  m o i s t u r e  c o n t e n t  (W ) o f  f r o z e n  s o i l  is e q u a l  t o :  
t 

where  W - is t h e  m o i s t u r e  c o n t e n t  d u e  t o  ice i n c l u s i o n s ;  
i 

Wc 
- is t h e  m o i s t u r e  c o n t e n t  d u e  t o  ice-cement  ( p o r e  i c e ) ;  

Wu 
- is t h e  m o i s t u r e  c o n t e n t  d u e  t o  t h e  u n f r o z e n  water which  is 

c o n t a i n e d  i n  t h e  f r o z e n  s o i l  a t  a g i v e n  t e m p e r a t u r e  be low O'C; 

W =W +WU - is t h e  m o i s t u r e  c o n t e n t  o f  small m i n e r a l  l a y e r s  o r  
g  c 

macro -aggrega te s  which are t r a p p e d  be tween ice  i n c l u s i o n s .  

When t h e  f r o z e n  s o i l  d o e s  n o t  c o n t a i n  ice i n c l u s i o n s  o r  when t h e i r  

c o n t e n t  is i n s i g n i f i c a n t  ( IC i  4 0 .03 ) ,  i.e. f o r  s o i l s  w i t h  a m a s s i v e  

c r y o g e n i c  s t r u c t u r e ,  t h e  t o t a l  m o i s t u r e  c o n t e n t  is assumed t o  b e :  

W - W = W  + W  
t g c  u' 

( l a )  

where  t h e  s u b s c r i p t s  are as f o r  e q u a t i o n  ( 1 ) .  

2.6. When s t u d y i n g  f r o z e n  s o i l s  i n  a mass a d e t e r m i n a t i o n  is  made o f  t h e  

m o i s t u r e  c o n t e n t  o f  t h e  small m i n e r a l  l a y e r s  o r  m a c r o a g g r e g a t e s  (W ) and  t h e  
g  

t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  l a y e r s  (Wtl) and  t h e  h o r i z o n s  (Wh). I n  t h e  

e v e n t  t h a t  i n d i v i d u a l  h o r i z o n s  o f  t h e  f r o z e n  s o i l  are  n o t  i s o l a t e d ,  a  

d e t e r m i n a t i o n  is made o f  t h e  m o i s t u r e  c o n t e n t  o f  s o i l  which is found be tween 

c e r t a i n  v e r t i c a l  i n t e r v a l s .  

Note: When t h e r e  is f r e q u e n t  a l t e r n a t i o n  o f  small m i n e r a l  l a y e r s  a n d  ice 

i n c l u s i o n s ,  a n d  when t h e  m o i s t u r e  c o n t e n t  o f  t h e  m i n e r a l  l a y e r s  o r  

m a c r o a g g r e g a t e s  o f  t h e  f r o z e n  s o i l  c a n n o t  b e  d e t e r m i n e d  e x p e r i m e n t a l l y ,  i t  is 

p e r m i s s i b l e  t o  assume t h a t  W = W where  W is t h e  m o i s t u r e  c o n t e n t  o f  
g  P ' P 

t h e  s o i l  a t  t h e  p l a s t i c  l i m i t .  

The t o t a l  m o i s t u r e  c o n t e n t  o f  a l a y e r  o f  f r o z e n  s o i l  (W ) is: 
t l  



where W - is t h e  m o i s t u r e  c o n t e n t  due  t o  t h e  ice i n c l u s i o n s  which a r e  
i 1 

c o n t a i n e d  i n  t h e  l a y e r ;  

W - h a s  t h e  same s i g n i f i c a n c e  a s  i n  E q u a t i o n  ( 1 ) .  
g  

The t o t a l  m o i s t u r e  c o n t e n t  of  a  f r o z e n  s o i l  h o r i z o n  o r  o f  f r o z e n  s o i l  

which is found w i t h i n  a c e r t a i n  v e r t i c a l  i n t e r v a l  (Wh) i s  e q u a l  t o :  

w h e r e  Wmh - is t h e  m o i s t u r e  c o n t e n t  due  t o  t h e  ice i n c l u s i o n s  which 

p a r t i t i o n  t h e  f r o z e n  s o i l  l a y e r  and which form t h e  c r y o g e n i c  

s t r u c t u r e  o f  t h e  h o r i z o n ;  

't1.i - t h e  a v e r a g e  v a l u e  o f  t h e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  l a y e r s  
- - 1 

WAtl n which make up t h e  h o r i z o n  o r  which a r e  found w i t h i n  a c e r t a i n  

v e r t i c a l  i n t e r v a l ;  

n  - is t h e  number of  l a y e r s ;  

't.1.i 
- is t h e  t o t a l  m o i s t u r e  c o n t e n t  of  t h e  i - t h  l a y e r  o f  f r o z e n  s o i l .  

2.7. The m o i s t u r e  c o n t e n t  which i s  due  t o  u n f r o z e n  water (W ) and t o  
u  

ice-cement (W i n  f r o z e n  s o i l s  w i t h  mass ive  c r y o g e n i c  s t r u c t u r e  and small 
C 

m i n e r a l  l a y e r s  o r  macroaggrega tes  i n  s o i l s  w i t h  l a y e r e d  and r e t i c u l a t e  

s t r u c t u r e  is d e t e r m i n e d  a s  f o l l o w s :  

a i n  t h e  c a s e  o f  n o n - s a l i n e  s o i l s  - by computa t ion  i n  a c c o r d a n c e  

w i t h  11-B.6-66 of  t h e  C .  S. & R. o r  by t h e  c a l o r i m e t r i c  method 

( s e c t i o n s  2.12-2.26); 

b  i n  t h e  case o f  s a l i n e  s o i l s  - o n l y  by t h e  c a l o r i m e t r i c  method. 

Note: I n  t h e  case of  n o n - s a l i n e  f r o z e n  s o i l s  t h e  c o n t e n t  o f  u n f r o z e n  

w a t e r  and p o r e  ice - ice-cement is  de te rmined  by t h e  c a l o r i m e t r i c  method i f  

t h i s  is  prov ided  f o r  by t h e  work program. 



2.8. The  t o t a l  m o i s t u r e  c o n t e n t  o f  s andy  and  c l a y e y  f r o z e n  s o i l s  i s  

d e t e r m i n e d  by v a r i o u s  methods  d e p e n d i n g  on  t h e i r  c r y o g e n i c  t e x t u r e :  

a ) f o r  s o i l s  w i t h  a m a s s i v e  s t r u c t u r e  t h e  p o i n t  method ( s e c t i o n s  

2.28-2.30) o r  t h e  g r o o v e  method ( s e c t i o n  2.31) is u s e d ;  

b  ) f o r  s o i l s  w i t h  a t h i n  c l o s e l y - l a y e r e d  and  t h i n  small-mesh 

s t r u c t u r e  t h e  g r o o v e  method ( s e c t i o n  2.31) o r  t h e  a v e r a g e  s a m p l e  

method ( s e c t i o n s  2.32-2.33) is u s e d ;  

c ) f o r  s o i l s  w i t h  a medium- and l a rge -mesh ,  a n d  medium and 

t h i c k - l a y e r e d  s t r u c t u r e  t h e  a v e r a g e  s a m p l e  method ( s e c t i o n s  

2,32-2,33) o r  t h e  c o m p u t a t i o n a l  method ( s e c t i o n s  2.34-2.37) is  

u s e d ,  

2.9. The m o i s t u r e  c o n t e n t  o f  m a c r o c l a s t i c  f r o z e n  s o i l s ,  r e g a r d l e s s  o f  

t h e i r  c r y o g e n i c  s t r u c t u r e ,  is  d e t e r m i n e d  i n  a c c o r d a n c e  w i t h  s e c t i o n s  2.38-2.41. 

2.10. M o i s t u r e  c o n t e n t  d e t e r m i n a t i o n  d a t a  are accompanied  by i n f o r m a t i o n  

on t h e  f o l l o w i n g :  

a > t h e  method o f  d e t e r m i n a t i o n  ( p o i n t ,  a v e r a g e  s a m p l e ,  e t c . ) ;  

b  ) t h e  t y p e  o f  s ample  - m o n o l i t h  ( o r  c o r e  s a m p l e )  o r  w i t h  d i s t u r b e d  

c o m p o s i t i o n ;  

c ) t h e  c r y o g e n i c  s t r u c t u r e  - i t s  t y p e ,  d i m e n s i o n s  and  form o f  t h e  ice 

i n c l u s i o n s ,  t h e  d i s t a n c e  be tween t h e  i n c l u s i o n s .  

APPARATUS 

2.11,  The  f o l l o w i n g  a p p a r a t u s  are used  f o r  d e t e r m i n i n g  t h e  m o i s t u r e  

c o n t e n t  o f  s a n d y  and  c l a y e y  f r o z e n  s o i l s :  

a > a d r y i n g  oven  equ ipped  w i t h  a the rmomete r  g r a d u a t e d  up t o  

250-300'~ ; 

b a T-200 o r  T-1000 c o u n t e r - b a l a n c e  w i t h  a G-2-210 or G-2-1000 set 

o f  w e i g h t s ;  

c > a 1 0  kg  pan b a l a n c e  w i t h  a G-1-10 set  o f  w e i g h t s ;  

d  > a d e s s i c a t o r  as  p e r  State  S t a n d a r d  6371-64'; 

e > glass b e a k e r s  w i t h  c o v e r s  as  p e r  State  S t a n d a r d  7148-70, o r  

aluminum b e a k e r s  w i t h  c o v e r s ;  

f > e n a m e l l e d  bowls ,  n o t  less  t h a n  40 cm i n  d i a m e t e r ;  

g 1 metal s p a t u l a s ;  

h ) two TS-15 u l t r a t h e r m o s t a t s ;  

i > a c a l o r i m e t e r ;  



a  m e t a s t a t i c  Beckman thermometer w i t h  a  working t e m p e r a t u r e  r a n g e  

o f  5' and d i v i s i o n s  o f  0.01'; 

n i c k e l - p l a t e d  b r a s s  weighing b o t t l e s  w i t h  a  d i a m e t e r  o f  40 mm and 

a  h e i g h t  o f  60 mrn; 

l a b o r a t o r y  mercury thermometers  c o v e r i n g  t h e  -30 t o  +20°c 
0 

t e m p e r a t u r e  r a n g e ,  w i t h  0 .1  d i v i s i o n s ,  o f  t h e  TL-103 t y p e ;  

s t o r a g e  b a t t e r i e s ;  

a  magnifying g l a s s ;  

a  s topwatch ;  

a  v o l t m e t e r ;  

a  mi l l iammeter .  

TEST PROCEDURES 

a  ) The d e t e r m i n a t i o n  o f  m o i s t u r e  c o n t e n t  due t o  unf rozen  w a t e r  W u 
and t o  ice-cement W . 

C 

C a l o r i m e t r i c  Method 

2.12 The c a l o r i m e t r i c  method o f  d e t e r m i n i n g  m o i s t u r e  c o n t e n t  which is 

due t o  unf rozen  wa te r  ( W  ) and ice-cement ( W  ) is  based on t h e  measurement 
u  C 

o f  t h e  t h e r m a l  e f f e c t  a s  samples  o f  f r o z e n  s o i l  thaw o u t  i n  a  c a l o r i m e t e r .  

For each t y p e  o f  s o i l  t h e  WU is d e t e r m i n e d  a t  f i v e  p rede te rmined  

t e m p e r a t u r e s  below f r e e z i n g  and a  c u r v e  is  p l o t t e d  o f  t h e  u n f r o z e n  w a t e r  

c o n t e n t  a s  a  f u n c t i o n  o f  t h e  t e m p e r a t u r e  ( F i g u r e  2 ) .  

F i g u r e  2. An example o f  a  c u r v e  o f  t h e  c o n t e n t  o f  unf rozen  w a t e r  a s  a  

f u n c t i o n  o f  t h e  t e m p e r a t u r e  below z e r o ,  and t h e  c a l c u l a t i o n  o f  t h e  

f r e e z i n g  p o i n t  o f  s o i l .  

WL - m o i s t u r e  c o n t e n t  o f  s o i l  sample a t  t h e  p l a s t i c  l i m i t ;  W - n a t u r a l  

m o i s t u r e  c o n t e n t  o f  s o i l  sample;  -8 
g - f r e e z i n g  p o i n t  o f  t h e  pore  

s o l u t i o n .  



2.13.  Samples  w i t h  d i s t u r b e d  c o m p o s i t i o n  are u s e d  f o r  d e t e r m i n i n g  

m o i s t u r e  c o n t e n t  which is d u e  to  u n f r o z e n  water and  ice-cement  by t h e  

c a l o r i m e t r i c  method. When i t  is s o  p r o v i d e d  i n  t h e  work program,  s a m p l e s  o f  

n a t u r a l  c o m p o s i t i o n  and  m o i s t u r e  c o n t e n t  may b e  u s e d .  

2 .14 .  A i r - d r y  s o i l  (400-500 g )  is ground up  i n  a p o r c e l a i n  mor.t,ar a n d  

s c r e e n e d  t h r o u g h  a 1 mm mesh. The s o i l  f r a c t i o n s  which are smaller t h a n  1 mm 

a r e  t r a n s f e r r e d  t o  a p o r c e l a i n  d i s h ,  d i s t i l l e d  water is a d d e d ,  and  t h e  

c o n d i t i o n  o f  t h e  s o i l  mass is a c h i e v e d  by mixing .  About 15-18 s a m p l e s  o f  t h e  

s o i l ,  e a c h  w e i g h i n g  25-30 g ,  a r e  p l a c e d  i n t o  s p e c i a l  b r a s s  w e i g h i n g  

c o n t a i n e r s .  The w e i g h i n g  c o n t a i n e r s  are c o v e r e d  a n d  s t o r e d  i n  a d e s s i c a t o r  

o v e r  water. 

2.15.  C a l o r i m e t r i c  t e s t i n g  is c a r r i e d  o u t  o n  s a m p l e s  h a v i n g  s p e c i f i e d  
0 

n e g a t i v e  t e m p e r a t u r e s  i n  t h e  f o l l o w i n g  r a n g e s :  f rom -0.3 t o  0 . 5  , f rom -1 
0 0 0 0 

t o  -1.5 , f rom -3 t o  - 4  , f rom -9 t o  -10 , a n d  f rom -20 t o  -22 C.  

The c o n t e n t  WU is d e t e r m i n e d  t h r e e  times f o r  e a c h  n e g a t i v e  t e m p e r a t u r e  

v a l u e .  

2 .16 .  The w e i g h i n g  c o n t a i n e r s  w i t h  t h e  s o i l  are removed f rom t h e  

d e s s i c a t o r  , c a r e f u l l y  w iped ,  weighed  on  a  c o u n t e r - b a l a n c e  s c a l e  t o  a n  a c c u r a c y  

o f  0 . 0 1  g ,  a n d  a s t r i n g  is t i e d  t o  t h e  c o v e r  o f  e a c h  w e i g h i n g  c o n t a i n e r ,  a f t e r  

which t h e y  are p l a c e d  i n t o  a c o o l i n g  chamber where t h e y  are k e p t  f o r  10-15 

0 
h o u r s  a t  a t e m p e r a t u r e  o f  -25 t o  -30 C.  

The w e i g h i n g  b o t t l e s  are p l a c e d  i n t o  t h e  i n n e r  v e s s e l  o f  a n  

u l t r a t h e r m o s t a t  f i l l e d  w i t h  d r y  s a n d  ( F i g u r e  3 ) ,  where  t h e y  are k e p t  f o r  24  

h o u r s  a t  t h e  r e q u i r e d  n e g a t i v e  t e m p e r a t u r e  f o r  a g i v e n  t e s t ;  t h e  t e m p e r a t u r e  

o f  t h e  s a n d  i u  c o n t r o l l e d  w i t h  t h e  a i d  o f  a l a b o r a t o r y  t he rmomete r  w i t h  

0 .  1°c d i v i s i o n s .  The u l t r a t h e r m o s t a t  must  b e  s i t u a t e d  i n  a r e f r i g e r a t e d  

chamber where  t h e  t e m p e r a t u r e  is 2-3' l o w e r  t h a n  t h a t  r e q u i r e d  f o r  t h e  g i v e n  

tes t .  

Note: I f  t h e  u l t r a t h e r m o s t a t  d o e s  n o t  i n c l u d e  a n  i n n e r  t a n k ,  a metal 

c o n t a i n e r  h a v i n g  a d i a m e t e r  o f  15-17 cm and  a h e i g h t  o f  a p p r o x i m a t e l y  20 cm is  

s e c u r e d  i n s i d e  o f  i t .  



F i g u r e  3. Schemat ic  diagram o f  t h e  F i g u r e  4 .  Schemat ic  d iagram of  

u l t r a t h e r m o s t a t  t h e  c a l o r i m e t e r  

1- o u t e r  w a l l ;  2- i n s u l a t i o n ;  3- 

i n n e r  w a l l ;  non- f reez ing  l i q u i d ;  5- 

h e a t e r ;  6- s w i t c h ;  7- s i g n a l  lamp; 

8- r e l a y ;  9- c o n t a c t  thermometer;  

10- r e g u l a t o r  o f  t h e  c o n t a c t  t h e r -  

mometer; 11- c o n t r o l  thermometer;  

12- e l e c t r i c  motor; 13- thermo- 

meter  wi th  O.lOc d i v i s i o n s ;  14- 

l i d ;  15- s t r i n g s  h o l d i n g  t h e  

weighing b o t t l e s  wi th  t h e  s o i l  

samples ;  16-weighing b o t t l e s  w i t h  

s o i l  samples ;  17- t ank  f o r  

m a i n t a i n i n g  t h e  s o i l  samples  a t  a 

c o n s t a n t  t e m p e r a t u r e ;  

18- s a n d ;  19- s t i r r e r .  

1- walls o f  c a l o r i m e t e r ;  2- f l u i d  

( w a t e r )  i n  t h e  j a c k e t  o f  t h e  c a l o r i m e t e r ;  

3- b u c k e t  o f  c a l o r i m e t e r ;  4- e b o n i t e  sup- 

p o r t  f o r  t h e  b u c k e t ;  5- c a l o r i m e t r i c  

f l u i d  ( w a t e r ) ;  6- Beckman thermometer;  

7- s t i r r e r ;  8- s c r e e n  i n t o  which t h e  

sample  o f  f r o z e n  s o i l  is p l a c e d ;  9- 

h e a t e r  f o r  d e t e r m i n i n g  t h e  t h e r m a l  v a l u e  

o f  t h e  c a l o r i m e t e r ;  10- e b o n i t e  c o v e r ;  

11- thermometer i n  t h e  j a c k e t  o f  t h e  

c a l o r i m e t e r ;  12- s o i l  sample 



2.17.  C a l o r i m e t r i c  t e s t i n g  i s  c a r r i e d  o u t  i n  a room where  t h e  

t e m p e r a t u r e  is a b o v e  f r e e z i n g  and  where  s h a r p  t e m p e r a t u r e  f l u c t u a t i o n s  are n o t  

p e r m i t t e d  t o  o c c u r .  

The c a l o r i m e t e r  ( F i g u r e  4) is i n  t h e  fo rm o f  a c y l i n d r i c a l  v e s s e l  h a v i n g  

a c a p a c i t y  of  20-25 l i t e r s ,  w i t h  d o u b l e  walls be tween  which  t h e r e  is a n  

i n s u l a t i n g  material ( f e l t i n g ,  glass wool ,  foam p l a s t i c ,  e t c .  ) ; t h e  j a c k e t  o f  

t h e  c a l o r i m e t e r  is  f i l l e d  w i t h  water t h r o u g h  t h e  o p e n i n g  f o r  t h e  t h e r m o m e t e r ;  

a l c o h o l  o r  k e r o s i n e  is u s e d  i f  t h e  test  is c a r r i e d  o u t  a t  a n e g a t i v e  

t e m p e r a t u r e .  

I n  t h e  c e n t e r  o f  t h e  c a l o r i m e t e r ,  o n  a s u p p o r t  made o f  a n  i n s u l a t i n g  

material, is p l a c e d  a n i c k e l - p l a t e d  b r a s s  c a l o r i m e t e r  b u c k e t  h a v i n g  a d i a m e t e r  

o f  1 0 0  mm and  a h e i g h t  o f  200-210 mm; it  is c o v e r e d  w i t h  a n  e b o n i t e  l i d  which  

h o l d s  a p r o p e l l e r  stirrer ( b l a d e s  o f  a p p r o x i m a t e l y  4 cm) f o r  s t i r r i n g  t h e  

c a l o r i m e t r i c  f l u i d ,  a r i g i d  b r a s s  s c r e e n  f o r  t h e  w e i g h i n g  c o n t a i n e r  w i t h  t h e  

f r o z e n  s o i l ,  a n d  a h e a t e r  f o r  d e t e r m i n i n g  t h e  t h e r m a l  v a l u e  o f  t h e  

c a l o r i m e t e r .  T h e r e  is  a n  o p e n i n g  i n  t h e  l i d  f o r  a Beckman the rmomete r .  

The  c a l o r i m e t r i c  f l u i d  is u s u a l l y  d i s t i l l e d  water; i n  t h e  e v e n t  t h a t  t h e  

test  is c a r r i e d  o u t  a t  a t e m p e r a t u r e  below OOC t h e  f l u i d  is  u s u a l l y  a l c o h o l .  

2.18. The  c a l o r i m e t e r  b u c k e t ,  Beckman t h e r m o m e t e r ,  h e a t e r ,  s c r e e n  f o r  

h o l d i n g  t h e  s a m p l e ,  and  t h e  stirrer must  be  d r y .  The w e i g h i n g  o f  t h e  water 

f o r  t h e  tes t  is c a r r i e d  o u t  w i t h i n  t h e  c a l o r i m e t e r  b u c k e t  i t s e l f ;  t h e  w e i g h t  

is d e t e r m i n e d  as t h e  d i f f e r e n c e  be tween  t h e  w e i g h t  o f  t h e  c a l o r i m e t e r  b u c k e t  

w i t h  t h e  water and  w i t h o u t  t h e  water ( d r y ) .  The  w e i g h t  o f  t h e  water is 

assumed t o  b e  c o n s t a n t ,  f o r  example  1200  o r  1000  g ,  and  t h e  t h e r m a l  v a l u e  o f  

t h e  c a l o r i m e t e r  is d e t e r m i n e d  f o r  t h i s  amount  o f  water. 

B e f o r e  w e i g h i n g ,  t h e  t e m p e r a t u r e  o f  t h e  water i n  t h e  c a l o r i m e t e r  b u c k e t  

is b r o u g h t  t o  0.5-1°c h i g h e r  t h a n  t h e  t e m p e r a t u r e  o f  t h e  water i n  t h e  j a c k e t  

o f  t h e  c a l o r i m e t e r  by t h e  a d d i t i o n  of  warm o r  c o l d  water; t h e  b u c k e t  is t h e n  

weighed o n  a c o u n t e r - b a l a n c e  t o  a n  a c c u r a c y  o f  0.01 g, p l a c e d  on  t h e  s u p p o r t ,  

and  c o v e r e d  w i t h  t h e  l i d  which  h o l d s  t h e  h e a t e r ,  stirrer,  and  s c r e e n .  A 

Beckman t h e r m o m e t e r  is i n s e r t e d  i n t o  t h e  l i d  i n  s u c h  a way t h a t  its l o w e r  

p o r t i o n  is a t  leas t  1 0  cm below t h e  s u r f a c e  o f  t h e  c a l o r i m e t r i c  f l u i d ;  t h i s  is 

d e t e r m i n e d  i n  a d v a n c e  and  a mark is made on t h e  Beckman the rmomete r .  

Note :  The  t e m p e r a t u r e  o f  t h e  water d u r i n g  p a r a l l e l  tes ts  s h o u l d  n o t  v a r y  
0 

by more t h a n  0.5 C. 



2.19. The  s c a l e  o f  t h e  Beckman the rmomete r  ( F i g u r e  5)  h a s  a 

c o n d i t i o n a l  n a t u r e  inasmuch as e a c h  lo o n  t h e  s c a l e  h a s  a d i f f e r e n t  

v a l u e  d e p e n d i n g  on  how much mercury  is p l a c e d  i n t o  t h e  r e s e r v o i r .  I n  

o r d e r  t o  t r a n s l a t e  t h e  t e m p e r a t u r e  d i f f e r e n c e s  which are d e t e r m i n e d  w i t h  

t h e  a i d  o f  t h i s  t he rmomete r  i n t o  t h e  a c t u a l  t e m p e r a t u r e  d i f f e r e n c e s  it i s  

n e c e s s a r y  t o  i n t r o d u c e  a c o r r e c t i o n  f o r  t h e  " d e g r e e  v a l u e "  which is g i v e n  

as p a r t  o f  t h e  d o c u m e n t a t i o n  f o r  t h e  Beckman the rmomete r .  The  v a l u e  o f  

t h e  s c a l e  d i v i s i o n s  o f  t h e  Beckman the rmomete r  is  O . O l O ,  and t h e  

a c c u r a c y  is  a p p r o x i m a t e l y  - + 0.002' when a m a g n i f y i n g  g l a s s  i s  u s e d .  

The a d j u s t m e n t  o f  t h e  p o s i t i o n  o f  t h e  mercury  i n  t h e  Beckman the rmomete r  

t o  t h e  d e s i r e d  r a n g e  of  t e m p e r a t u r e s  i s  a c c o m p l i s h e d  p r i o r  t o  t h e  test i n  

t h e  f o l l o w i n g  manner: t h e  Beckman the rmomete r  is t u r n e d  u p s i d e  down a n d ,  

by t a p p i n g  l i g h t l y ,  t h e  mercury  f rom t h e  main r e s e r v o i r  is  b r o u g h t  i n t o  

c o n t a c t  w i t h  t h e  mercu ry  i n  t h e  second  r e s e r v o i r ;  t h e n ,  a f t e r  c a r e f u l l y  

t u r n i n g  t h e  the rmomete r  t o  t h e  u p r i g h t  p o s i t i o n ,  it  is  p l a c e d  i n t o  water 

whose t e m p e r a t u r e  is c l o s e  t o  t h a t  which i s  d e s i r e d ;  when c a r r y i n g  o u t  

t h i s  o p e r a t i o n  care s h o u l d  be  t a k e n  t h a t  t h e  column o f  mercury  i n  t h e  

second  r e s e r v o i r  d o e s  n o t  b r e a k ;  a f t e r  w a i t i n g  a few m i n u t e s ,  t h e  

thermometer  is s h a k e n  v i g o r o u s l y  i n  o r d e r  t o  h a v e  t h e  mercury  i n  t h e  

s e c o n d a r y  c a p i l l a r y  t u b e  f a l l  t o  t h e  bo t tom,  and  t h e  p o s i t i o n  o f  t h e  

mercury  i n  t h e  the rmomete r  i s  e s t a b l i s h e d .  

F i g u r e  5. a Beckman the rmomete r  f o r  m e a s u r i n g  t h e  t h e r m a l  e f f e c t  d u r i n g  

t h e  t h a w i n g  o f  s a m p l e s  o f  f r o z e n  s o i l  i n  a c a l o r i m e t e r  

1- main r e s e r v o i r ;  2- s econd  r e s e r v o i r  

When d e t e r m i n i n g  W and  Wc t h e  p o s i t i o n  o f  t h e  mercu ry  i n  t h e  Beckman 
u  

thermometer  must  be  n o t  l o w e r  t h a n  4 ' ~ .  



2.20.  The  stirrer i s  t u r n e d  on  p r i o r  t o  t h e  start  o f  t h e  t e s t  i n  o r d e r  

t o  e q u a l i z e  t h e  t e m p e r a t u r e  of  t h e  water i n  t h e  c a l o r i m e t e r  b u c k e t .  Beckman 

thermometer  r e a d i n g s  are t a k e n  e v e r y  5 m i n u t e s  d u r i n g  t h i s  p e r i o d .  When o v e r  

t h e  c o u r s e  o f  1 0  m i n u t e s  t h e  "movementM o f  t h e  t e m p e r a t u r e  ( i . e .  t h e  change  i n  

t h e  t e m p e r a t u r e  p e r  u n i t  of  t i m e )  h a s  a c o n s t a n t  v a l u e  ( a p p r o x i m a t e l y  0.002 o r  

0.003' p e r  one  m i n u t e ) ,  c a l o r i m e t r i c  t e s t i n g  is begun. 

A c a l o r i m e t r i c  t e s t  is  compr i sed  o f  t h r e e  p e r i o d s  d u r i n g  t h e  c o u r s e  o f  

which Beckman the rmomete r  t e m p e r a t u r e  r e a d i n g s  are t a k e n  e v e r y  m i n u t e  t o  a n  
0 

a c c u r a c y  o f  - + 0.002 ( w i t h  t h e  a i d  o f  a m a g n i f y i n g  g l a s s ) .  

The  f i r s t  1 0  m i n u t e s  c o n s t i t u t e  t h e  " i n i t i a l "  p e r i o d  o f  t h e  t e s t  d u r i n g  

which t h e  c o n s t a n c y  of  t h e  Mmovementn of  t h e  t e m p e r a t u r e  o f  t h e  c a l o r i m e t r i c  

f l u i d  is m o n i t o r e d ;  t h e  d i f f e r e n c e  be tween c o n s e c u t i v e  r e a d i n g s  s h o u l d  n o t  

exceed  0.002-0.003'. 

A f t e r  t h e  e i g h t h  t e m p e r a t u r e  r e a d i n g  t h e  w e i g h i n g  c o n t a i n e r  w i t h  t h e  

sample  is  q u i c k l y  removed f rom t h e  u l t r a t h e r m o s t a t ,  p l a c e d  i n t o  a t u b e  70-80 

rnm i n  d i a m e t e r  made o u t  o f  a n  i n s u l a t i n g  m a t e r i a l ,  s t o p p e r e d  a t  b o t h  e n d s ,  a n d  

c o o l e d  t o  a t e m p e r a t u r e  lower  t h a n  t h e  t e m p e r a t u r e  o f  t h e  s a m p l e ,  which is 

t h e n  t r a n s f e r r e d  t o  t h e  c a l o r i m e t e r .  The e l e v e n t h  r e a d i n g  is  t a k e n  o f  t h e  

t e m p e r a t u r e  ( 1 0 t h  m i n u t e  o f  t h e  i n i t i a l  p e r i o d )  and  t h e  w e i g h i n g  c o n t a i n e r  is 

c a r e f u l l y  lowered  i n t o  t h e  c a l o r i m e t e r  w i t h  t h e  a i d  o f  a n y l o n  s t r i n g  which i s  

a t t a c h e d  t o  a r i n g  on t h e  l i d  o f  t h e  b o t t l e .  

The "main" p e r i o d  o f  t h e  t e s t  is t h e  time f rom t h e  moment t h e  sample  is  

lowered  i n t o  t h e  c a l o r i m e t e r  u n t i l  t h e  s t a r t  o f  a s t e a d y  change  i n  t h e  

t e m p e r a t u r e  o f  t h e  c a l o r i m e t r i c  f l u i d  o r  u n t i l  t h e r e  is  a r e v e r s a l  i n  t h e  

t r e n d  o f  t h e  t e m p e r a t u r e .  

Because  o f  t h e  r a p i d  t e m p e r a t u r e  c h a n g e s  d u r i n g  t h i s  p e r i o d  t h e  Beckman 

thermometer  r e a d i n g s  may be c a r r i e d  o u t  w i t h  a n  a c c u r a c y  o f  0.01-0.02' s i n c e  

t h i s  w i l l  have  l i t t l e  e f f e c t  on  t h e  f i n a l  r e s u l t .  It i s  i m p o r t a n t  n o t  t o  o m i t  

a n y  o f  t h e  r e a d i n g s .  

The l l f i n a l "  p e r i o d ,  t e m p e r a t u r e  r e a d i n g s  10-12,  b e g i n s  o n e  m i n u t e  a f t e r  

t h e  end  o f  t h e  main p e r i o d .  

A f t e r  t h e  end o f  t h e  f i n a l  p e r i o d  a l a b o r a t o r y  the rmomete r  w i t h  0 . 1 ' ~  

d i v i s i o n s  is i n s e r t e d  i n t o  t h e  c a l o r i m e t e r  b u c k e t  and  a f t e r  2-3 m i n u t e s  

s i m u l t a n e o u s  r e a d i n g s  are begun t o  b e  t a k e n  f rom t h e  Beckman and l a b o r a t o r y  

the rmomete r s .  On t h e  b a s i s  o f  t h e s e  d a t a  t h e  t e m p e r a t u r e  o f  t h e  c a l o r i m e t r i c  
0 

f l u i d  is  c a l c u l a t e d  a t  t h e  b e g i n n i n g  and end o f  t h e  main p e r i o d  i n  C .  



The w e i g h i n g  c o n t a i n e r  w i t h  t h e  thawed sample  is removed f rom t h e  

c a l o r i m e t e r  and  t h e  m o i s t u r e  c o n t e n t  o f  t h e  sample  is d e t e r m i n e d  ( s e c t i o n s  

2.28-2.30). 

2.21. I n  o r d e r  t o  p r o c e s s  t h e  d a t a  f rom t h e  c a l o r i m e t r i c  tes t  i t  i s  

n e c e s s a r y  t o  a s c e r t a i n  t h e  c o r r e c t i o n  f o r  h e a t  t r a n s f e r  w i t h  t h e  s u r r o u n d i n g  

medium and t o  d e t e r m i n e  t h e  t h e r m a l  v a l u e  o f  t h e  c a l o r i m e t e r .  Even though  t h e  

water i n  t h e  c a l o r i m e t e r  j a c k e t  r e d u c e s  h e a t  t r a n s f e r  w i t h  t h e  e n v i r o n m e n t  it  

must n e v e r t h e l e s s  be  t a k e n  i n t o  c o n s i d e r a t i o n .  The c a l c u l a t i o n s  o f  t h e  

c o r r e c t  i o n  f o r  h e a t  t r a n s f e r  were c a r r i e d  o u t  u s i n g  t h e  

Regnaul t -Pfaundler -Usov f o r m u l a .  

where A(A0) - is t h e  c o r r e c t i o n  f o r  h e a t  t r a n s f e r ;  

n - i s  t h e  number o f  r e a d i n g s  d u r i n g  t h e  main p e r i o d  o f  t h e  

e x p e r i m e n t  ; 

v - i s  t h e  a v e r a g e  vmovementll o f  t h e  t e m p e r a t u r e  f rom o n e  r e a d i n g  
0 

t o  t h e  n e x t  d u r i n g  t h e  i n i t i a l  p e r i o d ;  

v - is  t h e  a v e r a g e  llmovementll o f  t h e  t e m p e r a t u r e  f rom o n e  r e a d i n g  
n 

t o  t h e  n e x t  d u r i n g  t h e  f i n a l  p e r i o d ;  

8 - is t h e  a v e r a g e  t e m p e r a t u r e  d u r i n g  t h e  i n i t i a l  p e r i o d  ( t h e  sum 

o f  t h e  f irst  a n d  e l e v e n t h  r e a d i n g s ,  d i v i d e d  by 2 ) ;  

8 - as above ,  f o r  t h e  f i n a l  p e r i o d ;  
n 

8 - i s  t h e  f i n a l  r e a d i n g  o f  t h e  i n i t i a l  p e r i o d ;  
0 

8 - is t h e  f i n a l  r e a d i n g  o f  t h e  main p e r i o d  ( e q u i l i b r i u m  
n 

t e m p e r a t u r e ) ;  
n-1 

On 
- is t h e  sum o f  t h e  t e m p e r a t u r e s  o f  t h e  c a l o r i m e t e r  a t  a l l  

1 r e a d i n g s  d u r i n g  t h e  main p e r i o d ,  w i t h  t h e  e x c e p t i o n  o f  t h e  

f i n a l  r e a d i n g  ( On) ; 

@;, - i s  t h e  f i n a l  r e a d i n g  o f  t h e  main p e r i o d ;  w i t h  t h e  c o r r e c t i o n  

f o r  h e a t  t r a n s f e r  it  is  e q u a l  t o :  0; = en+A ( ~ 8  ). 

The Regnaul t -Pfaundler -Usov f o r m u l a  is,  s t r i c t l y  s p e a k i n g ,  a p p l i c a b l e  

when t h e  main p e r i o d  o f  t h e  c a l o r i m e t r i c  e x p e r i m e n t  d o e s  n o t  exceed  10-15 

m i n u t e s  and  t h e  t e m p e r a t u r e  change  is  un i fo rm.  When d e t e r m i n i n g  t h e  ice 

c o n t e n t  o f  s o i l s  t h e  p e r m i s s i b l e  l e n g t h  o f  t h e  main p e r i o d  is 15-20 m i n u t e s .  

An example o f  t h e  c a l c u l a t i o n  t o  c o r r e c t  f o r  h e a t  t r a n s f e r  is  g i v e n  i n  s e c t i o n  

2.26. 



2.22. The t h e r m a l  v a l u e  o f  t h e  c a l o r i m e t e r  k i n  cal/'c, i .e.  t h e  sum 

o f  t h e  s p e c i f i c  h e a t s  o f  a l l  o f  i t s  p a r t s ,  i s  d e t e r m i n e d  by e l e c t r i c a l  

h e a t i n g .  E l e c t r i c  c u r r e n t  a t  a c o n s t a n t  s t r e n g t h  a n d  v o l t a g e  i s  p a s s e d  f o r  

10-12 m i n u t e s  f rom a b a t t e r y  t h r o u g h  a 20-25 ohm h e a t e r .  The  c u r r e n t  i s  

c o n t r o l l e d  w i t h  t h e  a i d  of  a r h e o s t a t  and r e g u l a t e d  w i t h  t h e  a i d  o f  a 

milliammeter and v o l t m e t e r .  The t h e r m a l  v a l u e  of  a c a l o r i m e t e r  k i s  e q u a l  t o :  

where I - is t h e  c u r r e n t  s t r e n g t h ,  i n  amperes ;  

U - is t h e  v o l t a g e ;  

t - is t h e  time f o r  which t h e  elec t r ic  c u r r e n t  is  s w i t c h e d  o n ,  i n  

s e c o n d s  ; 

k 
- i s  t h e  w e i g h t  o f  t h e  c a l o r i m e t r i c  f l u i d ,  i n  g ;  

C 
k 

- i s  t h e  s p e c i f i c  h e a t  o f  t h e  c a l o r i m e t r i c  f l u i d  i n  c a l / g  d e g ;  

8 ' -8 - is t h e  change  i n  t h e  t e m p e r a t u r e  o f  t h e  c a l o r i m e t r i c  f l u i d  
n o 

d u e  t o  t h e  e l e c t r i c a l  h e a t i n g  ( t a k i n g  i n t o  a c c o u n t  t h e  

c o r r e c t i o n  f o r  h e a t  t r a n s f e r ) .  

2.23. The u s u a l  c h o i c e  o f  c a l o r i m e t e r  f l u i d  i s  d i s t i l l e d  water; i ts 

s p e c i f i c  h e a t  is o b t a i n e d  f rom T a b l e  2 f o r  t h e  t e m p e r a t u r e  v a l u e  which i s  

ha l fway  between eo and 8 ' .  
n 

2.24. The we igh t  o f  t h e  ice-cement  i n  t h e  sample  o f  f r o z e n  s o i l  (g,) is 

c a l c u l a t e d  on t h e  b a s i s  o f  t h e  d a t a  f rom t h e  c a l o r i m e t r i c  e x p e r i m e n t  u s i n g  

f o r m u l a  ( 6 ) ,  w h i l e  t h e  w e i g h t  o f  t h e  u n f r o z e n  water a t  a g i v e n  n e g a t i v e  

t e m p e r a t u r e  i s  o b t a i n e d  as f o l l o w s :  

gH = gB ' g n '  

where g 
B 

- is t h e  t o t a l  we igh t  of  t h e  water, i c e  and  u n f r o z e n  water i n  t h e  

sample .  

If we assume t h a t  t h e  m e l t i n g  p o i n t  o f  t h e  i c e  is O'C, t h e  s p e c i f i c  

h e a t  o f  t h e  u n f r o z e n  water is 1 c a l / g  d e g ,  t h e  s p e c i f i c  h e a t  of t h e  ice  i s  0.5 

c a l / g  deg ,  and i f  w e  r e p l a c e  t h e  q u a n t i t y  o f  u n f r o z e n  water by t h e  d i f f e r e n c e  

o f  gg-g,, we o b t a i n  t h e  f o r m u l a  f o r  d e t e r m i n i n g  t h e  amount o f  i c e  g i n  t h e  
n 

sample  o f  f r o z e n  s o i l  



where 
n 

- i s  t h e  we igh t  o f  t h e  i c e  i n  t h e  s o i l ,  i n  g;  

g~ 
- i s  t h e  weight  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 ,  i n  g ;  

gr. 
- is  t h e  weight  o f  t h e  s o i l  s k e l e t o n ,  i n  g;  

g6 
- i s  t h e  weight  o f  t h e  weighing c o n t a i n e r ,  i n  g ;  

- i s  t h e  we igh t  o f  t h e  w a t e r  i n  t h e  s o i l ,  i n  g ;  

k  - i s  t h e  t h e r m a l  v a l u e  o f  t h e  c a l o r i m e t e r ;  

C 
k  

- is t h e  s p e c i f i c  h e 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 ,  t h e  

a v e r a g e  v a l u e  w i t h i n  t h e  t e m p e r a t u r e  i n t e r v a l  8  t o  8 b ,  i n  
0 

c a l / g  deg ( s e e  T a b l e  2 ) .  

c - is t h e  s p e c i f i c  h e a t  o f  t h e  s k e l e t o n ,  i n  c a l / g  deg.  It  i s  
r 

d e s i r a b l e  t o  d e t e r m i n e  t h e  s p e c i f i c  h e a t  o f  t h e  s k e l e t o n  o f  e a c h  

s o i l  e x p e r i m e n t a l l y  ( s e c t i o n s  3.18-3.22); 

c - i s  t h e  s p e c i f i c  h e a t  o f  t h e  w a t e r  which is  c o n t a i n e d  i n  t h e  
B 

s o i l ,  a t  t h e  t e m p e r a t u r e  hal fway between 8 and BI; ( s e e  

T a b l e  2 )  ; 

0.09 - i s  t h e  s p e c i f i c  h e a t  o f  b r a s s  ( t h e  material o f  t h e  we igh ing  

c o n t a i n e r ) ,  i n  c a l / g  d e g ;  

L - i s  t h e  l a t e n t  h e a t  o f  f u s i o n  o f  t h e  i c e ,  i n  c a l / g ,  e q u a l  t o  

79.75; 
0 

@o 
- i s  t h e  t e m p e r a t u r e  a t  t h e  beg inn ing  o f  t h e  e x p e r i m e n t ,  i n  C ;  

0 

0A - i s  t h e  e q u i l i b r i u m  t e m p e r a t u r e ,  i n  C ( 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  c o r r e c t i o n  f o r  h e a t  t r a n s f e r ) ;  

0 
0 

0 6 ~  
- is t h e  t e m p e r a t u r e  o f  t h e  sample  o f  f r o z e n  s o i l ,  i n  C .  

The d a t a  which a r e  o b t a i n e d  from t h e  c a l o r i m e t r i c  exper iment  a r e  r e c o r d e d  

as shown i n  T a b l e  3. 

2.25. The c a l c u l a t i o n  o f  t h e  m o i s t u r e  c o n t e n t  due t o  u n f r o z e n  s o i l  and t o  

i c e  cement i s  c a r r i e d  o u t  i n  t h e  f o l l o w i n g  o r d e r :  

a t h e  c o r r e c t i o n  f o r  h e a t  t r a n s f e r  is  c a l c u l a t e d ;  



b  1 t h e  r e a d i n g s  o f  t h e  Beckman the rmomete r  are t r a n s l a t e d  i n t o  

d e g r e e s  C e l s i u s  ; 

c 1 t h e  amounts  o f  ice-cement and  o f  u n f r o z e n  water i n  t h e  t e s t e d  s o i l  

sample  are c a l c u l a t e d  and t h e  v a l u e s  o f  WU and W c  are 

de te rmined .  

2.26. An example o f  t h e  method o f  r e c o r d i n g  t h e  d a t a  o f  t h e  c a l o r i m e t r i c  

e x p e r i m e n t  and t h e  c a l c u l a t i o n  of  t h e  v a l u e s  o f  W and Wc is p r e s e n t e d  i n  
u  

T a b l e  4. 

The c a l c u l a t i o n ,  u s i n g  f o r m u l a  ( 4 ) ,  of t h e  c o r r e c t i o n  f o r  h e a t  t r a n s f e r  

o f  a c a l o r i m e t e r  w i t h  a medium A ( A e 1 ,  u s i n g  t h e  d a t a  o f  t h e  e x p e r i m e n t  

p r e s e n t e d  i n  T a b l e  4  f o l l o w s .  

The a v e r a g e  t e m p e r a t u r e  d u r i n g  t h e  i n i t i a l  p e r i o d  

The llmovement" o f  t h e  t e m p e r a t u r e  d u r i n g  t h e  i n i t i a l  p e r i o d  

The a v e r a g e  t e m p e r a t u r e  d u r i n g  t h e  f i n a l  p e r i o d  9 = 3.255+3 275 - 
2 

- 
n  

3.265. The "movement" o f  t h e  t e m p e r a t u r e  d u r i n g  t h e  f i n a l  p e r i o d  
0 

v  = 
n  

3w255-3*275 = -0.002 /minute .  The number o f  r e a d i n g s  d u r i n g  
1 0  

t h e  main p e r i o d  i s  n  = 9. The sum of t h e  t e m p e r a t u r e s  o f  a l l  o f  t h e  r e a d i n g s  

o f  t h e  main p e r i o d ,  w i t h  t h e  e x c l u s i o n  o f  t h e  las t  r e a d i n g  is 
n-1 
C 9 =  26.915. 
1 

The a v e r a g e  t e m p e r a t u r e  d u r i n g  t h e  main p e r i o d  is  

The a v e r a g e  t e m p e r a t u r e  o f  t h e  i n i t i a l  p e r i o d ,  m u l t i p l i e d  by t h e  number 

o f  r e a d i n g s  d u r i n g  t h e  main p e r i o d ,  is  9 n  3.84X9 = 34.56. 
0 



Table 2. Specif ic  heats  of water and i c e  a t  d i f f e r en t  temperatures, i n  ca l /g  

deg 
0 

a- Temperature, i n  C ;  b- Specific heat of water; c- below O'C; d- above 
0 

0 C; e- Specific heat of i ce  

Table 3. Data on the determination of moisture content due t o  i c e  cement 

(W ) and unfrozen water (MU) by the calor imetr ic  method. 
C 

a- Number; b- Laboratory No.; c- Survey hole No.; d- Depth a t  which the sample 
0 

was taken; e- Temperature of the sample, i n  C; f -  Weighing bo t t l e  No.; g- 

Weight of weighing bo t t l e  g ,  i n  grams; h- Weight of weighing bo t t l e  with the 

frozen s o i l  gl,  i n  grams; i- Weight of the frozen s o i l  gl-g, i n  grams; j- 

Weight of weighing bo t t l e  w i t h  s o i l  a f t e r  drying, i n  grams; k- 1st weighing; 

1- 2nd weighing; m- 3rd weighing; n- Weight used go; o- Weight of water and 

ice  gl'gol i n  grams; p- Weight of d r y  s o i l  gr=go-g, i n  grams; q-  weight 

of i c e  i n  the sample g i n  grams; r- Weight of unfrozen s o i l  g i n  grams; 
n ' H ' 

s- Moisture content of the s o i l  due t o ;  t- ice-cement W u- unfrozen water 
c ' 

Wu 

R ~ H H ~ I ~  ollpeuenewin unamnocTn 3a creT n b n a - u e ~ e n ~ a  (WI,) H 11e,;~~ep3~11eii BOBU (W,,) 
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T a b l e  4. C a l o r i m e t r i c  t e s t  d a t a  ( s o i l  - s i l t y  loam) 

a-  P e r i o d ;  b- Time i n  m i n u t e s ;  c-  Beckman thermometer r e a d i n g s ;  d- Computat ional  

d a t a ;  e- P r e l i m i n a r y ;  f- I n i t i a l ;  g- Main; h- F i n a l ;  i- Weight o f  c a l o r i m e t e r  

bucke t  w i t h  wa te r  1632.1 g ;  j- Weight o f  c a l o r i m e t e r  bucke t  432.1 g;  k- Weight 

o f  w a t e r  1200 g ;  1- Weight o f  weighing b o t t l e  w i t h  m o i s t  s o i l  71.18 g; m- Weight 

o f  weighing b o t t l e  42.9 g;  n- Weight o f  m o i s t  s o i l  28.28 g ;  o- Weight o f  

we igh ing  b o t t l e  wi th  s o i l  a f t e r  d r y i n g  a t  1 0 5 ' ~  63.38 g ;  p- Weight o f  d r y  s o i l  

20.48 g; q- Weight o f  w a t e r  i n  sample  7.8 g ;  r- M o i s t u r e  c o n t e n t  o f  sample  

38.1%; s- Temperature  i n s i d e  u l t r a t h e r m o s t a t  ( thermometer  No. 232)  1 .lOc; t- 
o C o r r e c t i o n  f o r  thermometer NO.  232 -0.1 C ;  u- Temperature  o f  s o i l  sample OoGp 

0 -1.2 C ;  v- ' 8 ~ 3 . 3 0 5  ( a c c o r d i n g  t o  Beckman the rmomete r ) ,  d i v i s i o n s  o f  n = l ;  

8 = 1 8  . ~ O C  ( a c c o r d i n g  t o  l a b o r a t o r y  thermometer)  ; d i f f e r e n c e  between 

l a b o r a t o r y  thermometer and Beckman thermometer r e a d i n g s  o= 18.5-3.305 = 15.195. 

n a n ~ u e  uaopwr*e.rpwu#roro onura (rpynr - nuncratuP cyramum) 

Aawwve nnr pacqera 

a -  

j - Bec KanopeMeTpnrecKoro 
craKana 432.1 2 

k- Bec aonbl 1200 2 

1- Bec ~ I O K C ~  c Bnaxst4u 
rpyHTOM 71,18 2 

m- Bec ~ I O K C ~  42.9 2 

3.839 1 n. Bec B.iarHoro rpyHTa 28.28 2 1 3.838 
- 0- Bec 61o~ca C rPYHTOhl nOi- 

ne BbICyUtIBaH}IR IlpU 105OC 1 1; 180=3,8% 163 ,382  

pBec cyxoro rpyma 20.48 a 
3.610 "a"".'" 1 3,500 1 q- Bec nozbi B o6pasue 7.8 a 
3,400 

V-'8 -3.305 (no TepuoueTpy 6 e n u a ~ a ) .  uewa nenewwn n-1; bL,,-lI.S*C 
(no ~ ~ ~ ~ a ~ o ~  TePuownp ) pa3nmua nMa3annR no nabopampaouy r e p ~ o -  
r e m y  n scpwouerplr frmuau. d~t~.s.3.r)5-1~.1qs. 



The l a s t  ca lcu la t ion  fo r  the  main period, taking i n t o  account the  

correct ion f o r  heat t r a n s f e r ,  is  0 ;  = 0  + a ( a g )  = 3.255-0.011 = 3.244. 
n  

The change i n  the temperature of the water i n  the  calorimeter ,  taking 

i n to  account the  correct ion f o r  heat t r an s f e r ,  is a 0  = eo-eA = 3.835-3.244 

= 0.591. 

The difference between the  readings obtained w i t h  t h e  laboratory 

thermometer and those obtained w i t h  the  Beckman thermometer is  a= 15.195. 

The calcula t ion of the moisture content due t o  ice-cement and unfrozen 

water follows. The amount of i c e  i n  the  sample of frozen s o i l  ( g  ) is  
n 

calculated using formula (6) .  In  the  given experiment k 85; cr = 0.19 ca l / g  

deg; c and Cc = 1 ca l /g  deg. 
B 

5 ' 7 4  100 = 28.0%, The moisture content due t o  ice-cement W = - = --- 
gr  

20.48 
o r  0.28 when expressed a s  a  decimal f rac t ion .  

The weight of unfrozen s o i l  8, i n  the  sample of frozen s o i l  i s  equal t o :  

- g - gB-gn = 7.8-5.74 = 2.06 grams. 

The moisture content due t o  unfrozen water W i s  equal to:  
u  



WU 0.1, when e x p r e s s e d  as a dec imal  f r a c t i o n .  

2.27. The m o i s t u r e  c o n t e n t  due t o  unf rozen  w a t e r  (W ) i n  t h e  c a s e  o f  
u 

non-sa l ine  s o i l s  i s  de te rmined  u s i n g  t h e  fo rmula  

where W - i s  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  a t  t h e  p l a s t i c  l i m i t ;  
P 

kH 
- is t h e  c o e f f i c i e n t ,  o b t a i n e d  from T a b l e  5, which depends  on t h e  

t y p e  o f  s o i l ,  t h e  p l a s t i c i t y  i n d e x  I and t h e  t e m p e r a t u r e  o f  
P ' 

t h e  f r o z e n  s o i l .  

T a b l e  5. The v a l u e  o f  t h e  c o e f f i c i e n t  kH 

a- S o i l s ;  b- P l a s t i c i t y  i n d e x ;  c-  Value o f  kH f o r  v a r i o u s  s o i l  t e m p e r a t u r e s ,  
0 

i n  C ;  d- Sand;  e- Sandy loam; f -  Loam; g- C l a y ;  h- * A l l  o f  t h e  w a t e r  i n  t h e  

p o r e s  o f  t h e  s o i l  is unfrozen.  

[N.B. W = I = P l a s t i c i t y  index.  T r a n s l a t o r ]  
n P 



- 3 3  - 

b )  d e t e r m i n a t i o n  o f  t h e  t o t a l  m o i s t u r e  c o n t e n t  W 
t 

The p o i n t  method 

2.28. A t  l e a s t  50 g of a f r o z e n  s o i l  sample  a r e  p l a c e d  i n t o  a p r e - d r i e d  

and pre-weighed g l a s s  o r  aluminum weighing c o n t a i n e r ,  which is  prov ided  w i t h  a 

c o v e r ,  and weighed on a coun te r -ba lance  t o  a n  a c c u r a c y  o f  - +0.01 g. The s o i l  

sample i s  d r i e d  i n  t h e  weighing b o t t l e ,  w i t h  t h e  c o v e r  open,  a t  100-105'~;  

c l a y e y  s o i l s  a r e  d r i e d  f o r  5  h o u r s ;  sandy s o i l s  a r e  d r i e d  f o r  3  hours .  The 

c o v e r  i s  p l a c e d  on t h e  weighing c o n t a i n e r ,  it  i s  coo led  f o r  30 minu tes  i n  a 

d e s s i c a t o r  charged w i t h  c a l c i u m  c h l o r i d e ,  and t h e n  it  i s  weighed. The sample  

is  r e p e a t e d l y  d r i e d  u n t i l  a c o n s t a n t  weight  is  a t t a i n e d ,  i . e .  u n t i l  t h e  

d i f f e r e n c e  between two s u c c e s s i v e  weighings  i s  n o t  g r e a t e r  t h a n  0.02 g ;  2  

h o u r s  i n  t h e  c a s e  o f  c l a y e y  s o i l s ,  1 hour  i n  t h e  c a s e  o f  sandy s o i l s .  

I n  t h e  e v e n t  t h a t ,  d u r i n g  t h e  r e p e a t e d  d r y i n g  and weighing,  a n  i n c r e a s e  

is  observed  i n  t h e  we igh t  o f  t h e  sample ,  t h e  l o w e s t  v a l u e  is  t a k e n  t o  be t h e  

c o n s t a n t  weight .  

Note: A c c e l e r a t e d  d r y i n g  of t h e  f r o z e n  s o i l  sample a t  200-250'~ i s  

p e r m i t t e d  if t h e  c o n t e n t  of  o r g a n i c  m a t t e r  d o e s  n o t  exceed 10% o f  t h e  d r y  

weight  o f  t h e  sample. I n  such  a c a s e  t h e  first  d r y i n g  p e r i o d  lasts  1 h o u r ,  

and subsequen t  p e r i o d s  las t  30 minutes .  

2.29. The t o t a l  m o i s t u r e  c o n t e n t  o f  f r o z e n  s o i l  (W ) as a dec imal  
t 

f r a c t i o n  i s  de te rmined  u s i n g  t h e  formula  

where g  
1 

- i s  t h e  we igh t  o f  t h e  weighing c o n t a i n e r  and c o v e r  w i t h  t h e  

f r o z e n  s o i l ,  i n  grams; 

go  
- is  t h e  we igh t  o f  t h e  weighing c o n t a i n e r ,  c o v e r ,  and sample ,  

d r i e d  t o  a c o n s t a n t  we igh t ,  i n  grams; 

Q - i s  t h e  we igh t  o f  t h e  weighing b o t t l e  and c o v e r ,  i n  grams. 

2.30. Two p a r a l l e l  d e t e r m i n a t i o n s  a r e  c a r r i e d  o u t  f o r  e a c h  sample  o f  

f r o z e n  s o i l ,  and t h e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  sample is  t a k e n  t o  be t h e  

a r i t h m e t i c  mean of t h e  r e s u l t s  o f  t h e  p a r a l l e l  d e t e r m i n a t i o n s .  

The d e t e r m i n a t i o n  d a t a  a r e  r ecorded  as shown i n  T a b l e  6. 



The g r o o v e  method 

2.31. A l i n e  i s  drawn a l o n g  t h e  smoothed o f f  wall o f  a s u r v e y  h o l e ,  o r  

v e r t i c a l l y  a l o n g  t h e  e n t i r e  l e n g t h  o f  a sample .  A t h i n  l a y e r  ( a  few 

millimeters) i s  s c r a p e d  o f f  e v e r y  25-30 cm v e r t i c a l l y  a l o n g  t h i s  l i n e .  The 

samples  are p l a c e d  i n t o  weighed metal o r  g l a s s  w e i g h i n g  c o n t a i n e r s  a n d  t h e i r  

t o t a l  m o i s t u r e  c o n t e n t  is  d e t e r m i n e d  ( s e c t i o n s  2.28-2.30). The d e t e r m i n a t i o n s  

are c a r r i e d  o u t  t h r e e  times. The d a t a  are r e c o r d e d  as shown i n  T a b l e  6. 

The a v e r a g e  sample  method 

2.32. A sample  of  f r o z e n  s o i l  w e i g h i n g  a p p r o x i m a t e l y  2  kg  is  p l a c e d  i n t o  

a p l a s t i c  bag and  weighed immedia t e ly  af ter  s a m p l i n g  ( s e c t i o n  1 .26 ) .  The 

sample  is  t h e n  t r a n s f e r r e d  i n t o  a d r y ,  pre-weighed e n a m e l l e d  bowl o r  pan. When 

t h e  s o i l  h a s  thawed it  is mixed w i t h  a metal s p a t u l a  u n t i l  i t  a t t a i n s  a u n i f o r m  

c o n s i s t e n c y  w i t h  a m o i s t u r e  c o n t e n t  which i s  c l o s e  t o  t h e  l i q u i d  l i m i t ,  

d i s t i l l e d  w a t e r  b e i n g  added o r  e x c e s s  water b e i n g  poured  o f f  once  t h e  s o i l  h a s  

s e t t l e d .  The bowl c o n t a i n i n g  t h e  s o i l  is  t h e n  weighed;  s a m p l e s  w e i g h i n g  n o t  

less t h a n  50 g  are p l a c e d ,  w i t h  d o u b l e  r e p l i c a t i o n ,  i n t o  weighed w e i g h i n g  

c o n t a i n e r s  a n d  t h e  m o i s t u r e  c o n t e n t  of  t h e  s o i l  mass (W ) is d e t e r m i n e d  i n  
as 

a c c o r d a n c e  w i t h  s e c t i o n s  2.28-2.30. 

2.33. The t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  f r o z e n  s o i l  (W ) e x p r e s s e d  as a 
t 

d e c i m a l  f r a c t i o n  is d e t e r m i n e d  u s i n g  t h e  f o r m u l a  

where g l  - i s  t h e  w e i g h t  o f  t h e  f r o z e n  s o i l  s ample  as  d e t e r m i n e d  d u r i n g  

s a m p l i n g ,  i n  g rams ;  

g2 
- is t h e  w e i g h t  o f  t h e  d i s h  w i t h  t h e  s o i l  mass, i n  g rams ;  

g  - is t h e  w e i g h t  o f  t h e  d r y  d i s h ,  i n  g rams ;  

'as 
- is  t h e  m o i s t u r e  c o n t e n t  o f  a n  a v e r a g e  sample  of t h e  s o i l  mass, 

e x p r e s s e d  as a d e c i m a l  f r a c t i o n .  

The d a t a  are r e c o r d e d  as shown i n  T a b l e  7. 



The c o m p u t a t i o n a l  method 

2.34. The c o m p u t a t i o n a l  method of  d e t e r m i n i n g  t o t a l  m o i s t u r e  c o n t e n t  i s  

used  f o r  s o i l s  w i t h  a l a y e r e d  o r  r e t i c u l a t e  c r y o g e n i c  s t r u c t u r e ,  when t h e  i c e  

i n c l u s i o n s  have  d i s t i n c t  l i n e a r  b o u n d a r i e s ,  t h e i r  t h i c k n e s s  e x c e e d s  2  mm, and 

t h e  d i s t a n c e  be tween a d j a c e n t  i n c l u s i o n s  i s  g r e a t e r  t h a n  1 0  rnm. 

2.35. When s t u d y i n g  t h e  s t r u c t u r e  o f  f r o z e n  s o i l  i n  t h e  walls o f  o p e n  

e x c a v a t i o n s  o r  n a t u r a l  e x p o s u r e s  a d i r e c t  measurement is  made o f  t h e  t o t a l  

t h i c k n e s s  o f  t h e  i c e  i n c l u s i o n s  i n  a g i v e n  v e r t i c a l  i n t e r v a l  o r  h o r i z o n  

( s e c t i o n s  1 .16-1 .19) .  

I n  t h e  c a s e  o f  l a y e r e d  s t r u c t u r e ,  t h e  t o t a l  t h i c k n e s s  o f  t h e  ice 

i n c l u s i o n s  is c a l c u l a t e d  v e r t i c a l l y  a l o n g  t h e  c r o s s  s e c t i o n .  I n  t h e  case o f  

r e t i c u l a t e  s t r u c t u r e ,  t h e  c o n t e n t  is c a l c u l a t e d  b o t h  v e r t i c a l l y  and  

h o r i z o n t a l l y .  

The measurements  are r e p e a t e d  t h r e e  times and t h e  t o t a l  t h i c k n e s s  o f  t h e  

i c e  i n c l u s i o n s  i s  t a k e n  t o  be t h e  a r i t h m e t i c  mean o f  t h e  r e s u l t s  o f  t h e  

p a r a l l e l  measurements .  

The t o t a l  t h i c k n e s s  o f  ice i n c l u s i o n s  ( i n  cm) which is p r e s e n t  p e r  1 m o f  

c r o s s  s e c t i o n  ( i n  t h e  case o f  l a y e r e d  s t r u c t u r e )  o r  p e r  1 m2 ( i n  t h e  c a s e  o f  

r e t i c u l a t e  s t r u c t u r e )  g i v e s  t h e  v o l u m e t r i c  ice  c o n t e n t  ( IC i ,  $1 o f  t h e  f r o z e n  

s o i l  which is d u e  t o  i c e  i n c l u s i o n s .  

2.36. The t o t a l  m o i s t u r e  c o n t e n t  o f  l a y e r s  o f  f r o z e n  s o i l  (Wtl) is 

d e t e r m i n e d  by e i t h e r  t h e  p o i n t  method (2.28-2.30) o r  by t h e  g r o o v e  method 

( s e c t i o n  2.311,  d e p e n d i n g  on  t h e i r  s t r u c t u r e .  

When t h e  l a y e r s  are 0.5 m o r  more t h i c k  t h e  m o i s t u r e  c o n t e n t  o f  e a c h  l a y e r  

i s  d e t e r m i n e d ;  when t h e y  are less t h i c k ,  b u t  t h e  s t r u c t u r e  is unchanged,  t h e  

m o i s t u r e  c o n t e n t  i s  d e t e r m i n e d  f o r  e v e r y  o t h e r  0.5 v e r t i c a l  meters; when t h e  

s t r u c t u r e  o f  t h e  l a y e r s  i n  a c r o s s  s e c t i o n  v a r i e s  t h e  m o i s t u r e  c o n t e n t  i s  

d e t e r m i n e d  f o r  e a c h  l a y e r .  I n  s u b s e q u e n t  c a l c u l a t i o n s ,  u s e  is made o f  t h e  

a v e r a g e  v a l u e  o f  t h e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  l a y e r s  ( w ; ~ ) ,  as 

d e t e r m i n e d  u s i n g  fo rmula  ( 3 ) .  

2.37. The t o t a l  m o i s t u r e  c o n t e n t  o f  a h o r i z o n  ( F i g u r e  6 )  o r  o f  a s p e c i f i c  

p o r t i o n  of  it  is d e t e r m i n e d  u s i n g  t h e  fo rmula  



Table 6. Data of the determination of the  t o t a l  moisture content of frozen 

s o i l  by the  point method and by the  groove method 

a- No. ; b- Laboratory No. ; c- Survey hole No.; d- Depth a t  which sample was 

taken, i n  meters (from-to) ; e- No. of weighing b o t t l e ;  f -  Weight of weighing 

bo t t l e  g ,  i n  grams; g- Weight of weighing bo t t l e  w i t h  frozen s o i l  g  i n  
1 ' 

grams; h- Weight of weighing b o t t l e  w i t h  s o i l  a f t e r  drying g  i n  grams; i- 
0' 

1st weighing; j- 2nd weighing; k- 3rd weighing; 1- value used g  ; m- Weight 
0  

of water g  -g i n  grams; n- Weight of dry s o i l  g  -g, i n  grams; o- Total  
1 0' 0  

moisture content of the  sample W t ;  p- i n  % q- a s  a  decimal f r a c t i on  ' r a 6 " H [ a n  15 
( @ o p ~ a )  

A ~ H H U ~  onpenenennu cywluapnoi snamnocrn Mepsnoro rpynra tosernuu MeTOAOM w MetonoM doposnwn 

z I *) II 
m - 7 

L N UCC 6 l o ~ C a  C rpyHTohl 2G 3 x 
C V H H ~ P H ~ H  M3A- 

G 
s h nocne r y u l K n  go. P I 

C = I L I I t l C T l r  06p.i31la WfC $ x i 0 0 
m 1 

0 
rn - 

a m i 

E 
w 3  2 k i  

A 3 

Q Y) B C ! 5 = s 3 

m 8 
C 7 a =  

m n c 2 

Table 7. Determination of the  t o t a l  moisture content of frozen s o i l  by the  

average sample method 

a- No. ; b- Laboratory No. ; c- Survey hole No. ; d- Depth a t  which sample was 

taken, i n  meters (from-to) ; e- Bag No. ; f -  Bag weight g  i n  grams; g- o' 
Weight of frozen s o i l  w i t h  bag g  i n  grams; h- Weight of frozen s o i l  

3' 
gl=g3-go, i n  grams; i- Weight of bowl g ,  i n  grams; j- Weight of bowl 

w i t h  the s o i l  mass g  i n  grams; k- Weight of s o i l  mass g2-g, i n  grams; 1- 
2  ' 

Moisture content of average sample * Was expressed a s  a  decimal f r a c t i o n ;  m- 

Total  moisture content of the  s o i l  sample W n- i n  % ;  o- a s  a  decimal 
t ;  

f r a c t i on ;  p- *The determination of the  moisture content of an average sample 

'as 
is accomplished using formula ( 8 ) ;  the  Was determination data  a r e  

recorded a s  shown i n  Table 5. 



where  ICih - i s  t h e  i c e  c o n t e n t  due  t o  t h e  ice  i n c l u s i o n s  which form t h e  

c r y o g e n i c  s t r u c t u r e  o f  t h e  h o r i z o n ,  i n  8 ;  

- is t h e  a v e r a g e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  l a y e r s  o f  f r o z e n  

s o i l  which make up t h e  h o r i z o n ,  i n  %. 

Note: When d e t e r m i n i n g  t h e  m o i s t u r e  c o n t e n t  o f  f r o z e n  s o i l  w i t h  a - 
s p o r a d i c  la rge-mesh s t r u c t u r e  u s i n g  c o r e  s a m p l e s ,  t h e  c o m p u t a t i o n a l  method 

g i v e s  o n l y  a n  a p p r o x i m a t e  v a l u e  f o r  W t  which i s ,  as a r u l e ,  t o o  low b e c a u s e  

t h i s  method d o e s  n o t  make it  p o s s i b l e  t o  t a k e  i n t o  a c c o u n t  l a r g e  v e r t i c a l  i c e  

i n c l u s i o n s .  

F i g u r e  6. The m o i s t u r e  c o n t e n t  o f  a f r o z e n  s o i l  h o r i z o n  W as a f u n c t i o n  
h  

o f  t h e  ice c o n t e n t  due  t o  t h e  ice  i n c l u s i o n s  which d i v i d e  up t h e  

l a y e r ,  ICih and t h e  a v e r a g e  m o i s t u r e  c o n t e n t  o f  t h e  l a y e r  w ; ~  

The r e s u l t s  are r e c o r d e d  as shown i n  T a b l e  8. 



T a b l e  8. Data o f  t h e  d e t e r m i n a t i o n  o f  t h e  t o t a l  m o i s t u r e  c o n t e n t  by t .hi? 

c o n ~ p u t a t  i o n a l  method 

'1. a 6 21 i! 1 1  :I 8 

(moph~a) 
Aannue onpenenentin c y ~ ~ a p ~ o l  nnaxnocTn pacseTnuM MeronoM 

a- No.; b- L a b o r a t o r y  No.; c- S u r v e y  h o l e  No.; d- Vertical i n t e r v a l ,  i n  meters 

( f r o m - t o ) ;  e- T h i c k n e s s  o f  t h e  h o r i z o n  o r  p o r t i o n  o f  a h o r i z o n  o f  f r o z e n  s o i l ,  

i n  m e t e r s ;  f -  T o t a l  t h i c k n e s s  o f  t h e  i ce  i n c l u s i o n s  wh ich  d i v i d e  up  t h e  l a y e r ,  

i n  c e n t i m e t e r s ;  g- Ice c o n t e n t  d u e  t o  ice i n c l u s i o n s  w h i c h  d i v i d e  up  t h e  

l a y e r ,  L C i ;  h- A v e r a g e  v a l u e  o f  t h e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  f r o z e n  

s o i l  l a y e r  W '  ' T o t a l  m o i s t u r e  c o n t e n t  o f  t h e  h o r i z o n  o f  f r o z e n  s o i l  
t l '  



MAC ROCLASTIC SO1 LS 

APPARATUS 

2.38. The following apparatus is  used fo r  determining the  moisture 

content of frozen macroclastic s o i l s :  

a ) a s e t  of s o i l  screens;  

b ) a drying oven w i t h  a thermometer reading up t o  250-300'; 

c ) a 10 kg pan balance w i t h  a G-1-10 s e t  of weights; 

d ) metal spa tu las ;  

e ) enamelled bowls, 30-40 cm i n  diameter; 

f ) metal pans. 

TESTING PROCEDURE 

2.39. The moisture content of macroclastic frozen s o i l s  is determined by 

drying samples weighing not l e s s  than 3 kg u n t i l  a constant weeight is 

a t ta ined ,  a t  a temperature of 100-105'~. The samples a r e  dried on metal 

pans i n  a drying oven. The samples a r e  weighed on a pan balance t o  an 

accuracy of + 1 g. The moisture content is  calcula ted using formula ( 8 ) .  

Note: When carrying out large  sca le  determinations of the  moisture 

content of macroclastic s o i l s  which contain organic remains i n  an amount l e s s  

than 10% of the weight of the dry s o i l ,  i t  is permissible t o  dry the  samples 

i n  the open a i r  a t  a temperature of 200-250'~. 

2.40. A d i s t i nc t i on  is made, i n  the case of macroclastic s o i l s ,  between 

the moisture content of the  macroclastic p a r t i c l e s  Wm and the moisture 

content of the f i ne  s o i l  or  f i l l e r  W 
f '  

The moisture content W of the macroclastic p a r t i c l e s  ( > 2  m m )  is taken 
m 

t o  be equal t o  t h e i r  water-holding capacity,  which is determined i n  the 

following manner. 

A sample of macroclastic s o i l ,  a f t e r  being dried i n  order t o  determine 

i t s  moisture content (sect ion 2.38) is  sprinkled onto screens having a mesh 

s i ze  of 2 mrn. The screen w i t h  the macroclastic pa r t i c l e s  ( > 2 mm) is  weighed 

on a pan balance t o  an accuracy of - + 1 g and placed i n t o  a container with 

water fo r  1 hour a f t e r  which, having allowed the  excess water t o  drain away, 

the sample is again weighed and dr ied t o  a constant weight. The moisture 

content of the macroclastic pa r t i c l e s  ( W m )  is calculated using formula ( 8 ) .  



2.41. The m o i s t u r e  c o n t e n t  of  t h e  f i l l e r  (W 1, w h i c h  is  e x p r e s s e d  as  
f 

t h e  r a t i o  o f  t h e  we igh t  o f  t h e  water which i t  c o n t a i n s  t o  t h e  we igh t  o f  t h e  

s k e l e t o n  o f  t h e  f i l l e r ,  is  c a l c u l a t e d  u s i n g  t h e  fo rmula  

where W - i s  t h e  m o i s t u r e  c o n t e n t  of  t h e  m a c r o c l a s t i c  s o i l ;  

Wm - i s  t h e  m o i s t u r e  c o n t e n t  of  t h e  m a c r o c l a s t i c  p a r t i c l e s ;  

P  - i s  t h e  r e l a t i v e  c o n t e n t  of  t h e  m a c r o c l a s t i c  p a r t i c l e s ,  

de te rmined  as t h e  r a t i o  o f  t h e i r  we igh t  t o  t h e  we igh t  o f  t h e  

sample o f  m a c r o c l a s t i c  s o i l  d r i e d  t o  a  c o n s t a n t  we igh t .  

Note: A l l  o f  t h e  v a l u e s  used i n  formula  ( 1 1 )  are i n  t h e  form o f  d e c i m a l  

f r a c t i o n s .  

ICE CONTENT 

2.42. The ice  c o n t e n t  o f  f r o z e n  s o i l  is u n d e r s t o o d  t o  mean t h e  r a t i o  o f  

t h e  ice w h i c h  is c o n t a i n e d  w i t h i n  it  t o  t h e  volume of a l l  o f  t h e  f r o z e n  s o i l .  

The ice c o n t e n t  v a l u e  is  e x p r e s s e d  as  a p e r c e n t a g e  o r  a s  a  dec ima l  f r a c t i o n .  

2.43. T h e  t o t a l  ice c o n t e n t  I C  o f  f r o z e n  s o i l s  is e x p r e s s e d  as: 
t 

where I C  - i s  t h e  i ce  c o n t e n t  due  t o  ice i n c l u s i o n s ;  
i 

I C c  - is  t h e  ice c o n t e n t  due  t o  ice-cement.  

2.44. The ice c o n t e n t  o f  s m a l l  m i n e r a l  l a y e r s  and m a c r o a g g r e g a t e s  o f  

f r o z e n  s o i l  which i s  due  s t r i c t l y  t o  ice-cement is  e x p r e s s e d  as: 



where y 
3 - i s  t h e  s p e c i f i c  weight  o f  t h e  s o i l  s k e l e t o n  i n  g/cm . 

g  
The d e s i g n a t i o n s  o f  W and WU a r e  t h e  same as  i n  fo rmula  (1) and a r e  

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  weight  o f  t h e  d r y  s o i l .  

When t h e  f r o z e n  s o i l  d o e s  n o t  c o n t a i n  i c e  i n c l u s i o n s  o r  when t h e i r  c o n t e n t  

i s  i n s i g n i f i c a n t  ( I C i  4 0.031,  i .e.  f o r  s o i l s  w i t h  a mass ive  c r y o g e n i c  

s t r u c t u r e ,  is  assumed t h a t  I C  = I C c .  
t 

2.45. The ice  c o n t e n t  o f  f r o z e n  s o i l s  due  t o  i ce  i n c l u s i o n s  ( I C . )  i s  
1 

c a l c u l a t e d  s e p a r a t e l y  f o r  t h e  l a y e r s  (ICil)  and t h e  h o r i z o n s  ( I C .  ) o r ,  i f  
l h  

t h e  h o r i z o n s  are n o t  s e p a r a t e d  o u t ,  f o r  a g i v e n  v e r t i c a l  i n t e r v a l  u s i n g  t h e  

f o r m u l a s  : 

where W t l  - is t h e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  l a y e r ,  i n  % ;  

- i s  t h e  a v e r a g e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  l a y e r ,  i n  % ;  

Wh 
- is  t h e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  h o r i z o n ,  i n  %. 

The d e s i g n a t i o n s  o f  W and y are t h e  same as i n  fo rmula  ( 1 3 ) .  
g  g  

Note: The v a l u e  o f  t h e  m o i s t u r e  c o n t e n t  o f  small m i n e r a l  l a y e r s  W 
g  

w i t h i n  t h e  c o n f i n e s  o f  t h e  l a y e r s  and t h e  h o r i z o n  i s  assumed t o  be c o n s t a n t .  

2.46. The ice  c o n t e n t  d u e  t o  i ce  i n c l u s i o n s ,  when t h e y  a r e  c l e a r l y  

d e f i n e d ,  a r e  more t h a n  2  mm t h i c k ,  and when t h e  d i s t a n c e  between a d j a c e n t  

i n c l u s i o n s  is g r e a t e r  t h a n  1 0  mm, may b e  de te rmined  by c a l c u l a t i o n s  u s i n g  d a t a  

from d i r e c t  measurements of t h e  walls o f  mines  o r  o f  c o r e  samples  removed from 

b o r e  h o l e s .  

SPECIFIC WEIGHT 

2.47. The s p e c i f i c  we igh t  of f r o z e n  s o i l  is  u n d e r s t o o d  t o  mean i ts weigh t  

p e r  u n i t  o f  volume. 



The f o l l o w i n g  d i s t i n c t i o n s  a r e  made: 

a t h e  s p e c i f i c  weight  o f  f r o z e n  s o i l  w i t h  u n d i s t u r b e d  compos i t ion  
3 and n a t u r a l  m o i s t u r e  c o n t e n t  y m  ( i n  g/cm ) ,  which is e q u a l  t o  

ob 
t h e  r a t i o  o f  t h e  weight  of  t h e  monol i th  ( o r  c o r e  sample )  o f  f r o z e n  

s o i l  t o  i ts volume; 

b  t h e  s p e c i f i c  we igh t  o f  t h e  f r o z e n  s o i l  s k e l e t o n  
y% ( i n  

3 g/cm ) ,  which is e q u a l  t o  t h e  r a t i o  o f  t h e  we igh t  of  t h e  

monol i th  ( o r  c o r e  s a m p l e ) ,  d r i e d  t o  a  c o n s t a n t  we igh t  a t  

1 0 0 - 1 0 5 ~ ~ ,  t o  its i n i t i a l  volume when f r o z e n .  

2.48. When d e t e r m i n i n g  t h e  s p e c i f i c  weight  o f  sandy and c l a y e y  f r o z e n  

s o i l s ,  depending on  t h e  t y p e  o f  c r y o g e n i c  s t r u c t u r e ,  t h e  f o l l o w i n g  methods a r e  

used : 

a  1 i n  t h e  c a s e  o f  f r o z e n  s o i l s  w i t h  a  mass ive  s t r u c t u r e  t h e  c u t t i n g  

r i n g  method ( s e c t i o n s  2.54-2.57), t h e  method o f  measur ing samples  

w i t h  a  r e c t i l i n e a r  g e o m e t r i c a l  s h a p e  ( s e c t i o n  2 .58) ,  and t h e  

method o f  weighing i n  a  n e u t r a l  f l u i d  ( s e c t i o n s  2.59-2.62), a r e  

used ; 

Note: n e u t r a l  f l u i d  - a  f l u i d  w i t h  a  low f r e e z i n g  p o i n t ,  a  s t a b l e  - 
d e n s i t y  o v e r  t h e  r e q u i r e d  t e m p e r a t u r e  r a n g e ,  and a f l u i d  which d o e s  n o t  

d i s s o l v e  t h e  i c e  o r  s o i l  components. 

b  i n  t h e  c a s e  o f  f r o z e n  s o i l s  w i t h  a  l a y e r e d  o r  r e t i c u l a t e  s t r u c t u r e  

e i t h e r  t h e  method o f  t h e  d i sp lacement  o f  a  n e u t r a l  f l u i d  ( s e c t i o n s  

2.63-2.65) o r  t h e  computa t iona l  method ( s e c t i o n  2 .67) ,  is used .  

2.49. The s p e c i f i c  we igh t  o f  f r o z e n  m a c r o c l a s t i c  s o i l s  is de te rmined ,  

r e g a r d l e s s  o f  t h e i r  s t r u c t u r e ,  by t h e  method o f  t h e  d i s p l a c e m e n t  of  a  n e u t r a l  

f l u i d  ( s e c t i o n s  2.63-2.65) o r  by t h e  "hole1' method ( s e c t i o n  2.68). 

2.50. The d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  we igh t  o f  f r o z e n  s o i l  is c a r r i e d  

o u t  i n  a  room where t h e  a i r  t e m p e r a t u r e  is below f r e e z i n g ,  and w h i l e  wear ing  

wool g l o v e s ,  t h e  a p p a r a t u s  and t h e  n e u t r a l  f l u i d  which a r e  used f o r  

d e t e r m i n i n g  t h e  s p e c i f i c  w e i g h t  o f  f r o z e n  s o i l s  must have a n e g a t i v e  

t e m p e r a t u r e .  



2.51. Weighings are c a r r i e d  o u t  t o  a n  a c c u r a c y  o f  0.01 g on a  

coun te r -ba lance ,  and t o  1 g  on a  pan ba lance .  The d e t e r m i n a t i o n  o f  t h e  

s p e c i f i c  we igh t  o f  f r o z e n  s o i l  is c a r r i e d  o u t  t w i c e .  The d i s c r e p a n c y  between 

t h e  r e s u l t s  o f  t h e  p a r a l l e l  d e t e r m i n a t i o n s  o f  t h e  s p e c i f i c  we igh t  o f  t h e  
3  f r o z e n  s o i l  shou ld  n o t  exceed 0.05 g/cm . The v a l u e  o f  t h e  s p e c i f i c  we igh t  

o f  t h e  f r o z e n  s o i l  is  t a k e n  t o  be t h e  a r i t h m e t i c  mean o f  t h e  v a l u e s  o f  t h e  

p a r a l l e l  d e t e r m i n a t i o n s .  The f i n a l  r e s u l t  i s  g i v e n  t o  a n  accuracy  o f  + 0.01 
3  

g/cm . 
2.52. Every d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  we igh t  o f  f r o z e n  s o i l  must be  

accompanied by i n f o r m a t i o n  on t h e  f o l l o w i n g :  

a > t h e  method o f  d e t e r m i n a t i o n ;  

b  > t h e  c r y o g e n i c  s t r u c t u r e :  i t s  t y p e ,  t h e  d imens ions  and s h a p e s  o f  

i c e  i n c l u s i o n s ,  and t h e  d i s t a n c e s  between them; 

c  > t h e  m o i s t u r e  c o n t e n t  o f  t h e  f r o z e n  s o i l  monol i th .  

APPARATUS 

2.53. The f o l l o w i n g  a p p a r a t u s  are used f o r  d e t e r m i n i n g  t h e  s p e c i f i c  

we igh t  o f  f r o z e n  s o i l :  

a > r i n g s  w i t h  f i t t i n g s  made o f  noncor rod ing  m e t a l ,  hav ing  a n  i n n e r  

d i a m e t e r  o f  n o t  l e s s  t h a n  80 mm, a h e i g h t  n o t  greater t h a n  t h e  

d i a m e t e r  and n o t  l e s s  t h a n  one  h a l f  o f  t h e  d i a m e t e r  o f  t h e  r i n g ,  

and w i t h  a wall t h i c k n e s s  o f  1.5-2 mm; 

b  > two f l a t  p i e c e s  o f  glass o r  smooth s h e e t s  o f  a c r y l i c  p l a s t i c  o r  

m e t a l  f o r  c o v e r i n g  t h e  r i n g  c o n t a i n i n g  t h e  s o i l ;  

c > a sc rew p r e s s ;  

d  > a hack saw; 

e  > a s t r a i g h t - b l a d e  k n i f e ;  

f > a T-1000 1 kg c o u n t e r - b a l a n c e  w i t h  a  T-2-1000 set  o f  w e i g h t s ;  

g 1 a pe t ro leum d e n s i t y  m e t e r ,  s h o r t e n e d ,  w i t h  d i v i s i o n s  o f  0.001 
3 g/cm and a  thermometer w i t h  a s c a l e  from -15 t o  +35OC; 



h )  a g l a s s  c o n t a i n e r  h a v i n g  a c a p a c i t y  o f  n o t  less t h a n  500 cm3; 

i) a g r a d u a t e d  c y l i n d e r  w i t h  a c a p a c i t y  o f  1000  m l ;  

j) g l a s s  w e i g h i n g  b o t t l e s  as p e r  S t a t e  S t a n d a r d  7148-70 o r  aluminum 

w e i g h i n g  c o n t a i n e r s  w i t h  c o v e r s ;  

k  a g l a s s  o r  metal m e a s u r i n g  v e s s e l  w i t h  a c a p a c i t y  o f  2-3 l i t e r s ;  

1) a 10-12 l i t e r  c a p a c i t y  p a i l  w i t h  a s p o u t ;  

m a 1 0  k g  pan b a l a n c e  w i t h  a G-1-10 set  o f  w e i g h t s .  

TESTING PROCEDURE 

A. The c u t t i n g  r i n g  method 

2.54. The c u t t i n g  r i n g  method is used  f o r  d e t e r m i n i n g  t h e  s p e c i f i c  

w e i g h t  o f  l o o s e l y  f r o z e n ,  p l a s t i c  f r o z e n ,  and  s o l i d l y  f r o z e n  s o i l :  

a i n  t h e  case o f  l o o s e l y  f r o z e n  s o i l  t h e  c u t t i n g  r i n g  is p r e s s e d  

i n t o  t h e  m o n o l i t h  ( o r  c o r e  s a m p l e )  and  t h e  d e t e r m i n a t i o n  o f  t h e  

s p e c i f i c  w e i g h t  is c a r r i e d  o u t  i n  a c c o r d a n c e  w i t h  S t a t e  S t a n d a r d  

5182-64 S o i l s .  L a b o r a t o r y  methods  f o r  d e t e r m i n i n g  s p e c i f i c  w e i g h t ;  

b )  i n  t h e  case o f  p l a s t i c  f r o z e n  a n d  s o l i d l y  f r o z e n  s o i l  t h e  c u t t i n g  

r i n g  is p r e s s e d  o n t o  a p r i s m  which is first c u t  o u t  o f  t h e  

m o n o l i t h  ( o r  c o r e  s a m p l e ) .  

2.55. A hack saw is u s e d  t o  c u t  o u t  o f  a m o n o l i t h  ( o r  c o r e  s a m p l e )  o f  

p l a s t i c  f r o z e n  o r  s o l i d l y  f r o z e n  s o i l  a p r i s m  whose smallest d i m e n s i o n  i s  2-3 

cm g r e a t e r  t h a n  t h e  d i a m e t e r  o f  t h e  c u t t i n g  r i n g .  The f r o z e n  s o i l  p r i s m  is 

p l a c e d  o n t o  t h e  bed o f  a p r e s s  a n d  t h e  c u t t i n g  r i n g ,  w i t h  t h e  s h a r p  edge  down, 

is p l a c e d  o n  t h e  u p p e r  f a c e ;  t h e  f i t t i n g  is p l a c e d  o n t o  t h e  t o p  o f  t h e  r i n g  

and  t h e  p i s t o n  o n  t h e  u p p e r  face; t h e  f i t t i n g  is p l a c e d  o n t o  t h e  t o p  o f  t h e  

r i n g  and t h e  p i s t o n  is lowered  as  f a r  as  t h e  s t o p .  A k n i f e  is  used  t o  c u t  

away t h e  f r o z e n  s o i l  f rom a r o u n d  t h e  r i n g  and  a t  t h e  same time t h e  p i s t o n  o f  

t h e  p r e s s  is l o w e r e d ,  making s u r e  t h e  r i n g  is n o t  t i l t e d .  

Note:  When a p r e s s  is n o t  a v a i l a b l e  t h e  r i n g  is p r e s s e d  i n  by hand.  



2.56. Once t h e  r i n g  w i t h  t h e  f i t t i n g  i s  f i l l e d  w i t h  f r o z e n  s o i l  i t  is 

t a k e n  o f f  t h e  p r e s s .  The hack  saw i s  u s e d  t o  c a r e f u l l y  saw away t h e  f r o z e n  

s o i l  a t  a d i s t a n c e  of  3-5 mm f rom t h e  edge  o f  t h e  r i n g ,  and  t h e  f i t t i n g  i s  

removed. A k n i f e  i s  u s e d  t o  c u t  away t h e  e x c e s s  s o i l  f rom b o t h  e n d s  o f  t h e  

r i n g  and t h e  e n d s  are s c r a p e d  e v e n  w i t h  t h e  e d g e s  o f  t h e  r i n g  w i t h  a b r a s i v e  

pape r .  

The r i n g  w i t h  t h e  s o i l  i s  p l a c e d  between t h e  two pre-weighed p i e c e s  o f  

glass o r  s h e e t s  and  weighed on t h e  c o u n t e r - b a l a n c e .  The f r o z e n  s o i l  f rom t h e  

r i n g  is  p r e s s e d  o u t  i n t o  a pre-weighed e v a p o r a t i n g  d i s h ,  weighed,  and  t h e  

t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  f r o z e n  s o i l  i s  d e t e r m i n e d .  
M 

2.57. The s p e c i f i c  we igh t  o f  t h e  f r o z e n  s o i l  y 
06 

i n  g/cm3 i s  

d e t e r m i n e d  u s i n g  t h e  f o r m u l a  

where g - i s  t h e  w e i g h t  o f  t h e  r i n g  w i t h  t h e  f r o z e n  s o i l  and  t h e  c o v e r i n g  

p i e c e s  o f  g l a s s  o r  s h e e t s ,  i n  g rams ;  

1 
- i s  t h e  w e i g h t  o f  t h e  r i n g ,  i n  g rams ;  

g2 
- i s  t h e  w e i g h t  o f  t h e  g l a s s  o r  t h e  s h e e t s ,  i n  grams; 

v 3 - i s  t h e  volume o f  t h e  r i n g ,  i n  cm . 
The e x p e r i m e n t a l  d a t a  are r e c o r d e d  as shown i n  T a b l e  9. 

T a b l e  9. The d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  w e i g h t  o f  f r o z e n  s o i l  by t h e  

c u t t e r  r i n g  method. 
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a- No.; b- L a b o r a t o r y  No.; c- Survey  h o l e  No.; d- Depth a t  which  sample  was 

3 t a k e n ,  i n  meters; e- Volume o f  r i n g  i n  c m  , V ;  f -  Weight r i n g  g l ,  i n  

grams;  g- Weight o f  r i n g  w i t h  s o i l  and glass p i e c e s  g ,  i n  g rams ;  h- Weight  o f  

g l a s s  g i n  g rams ;  i- Weight  o f  f r o z e n  s o i l  g-gl-g2, 
2 ' i n  g rams ;  j- 

S p e c i f i c  we igh t  o f  f r o z e n  s o i l  yM i n  grams/cm 3 
06 ' 



T a b l e  10.  The d e t e r m i n a t i o n  of t h e  s p e c i f i c  w e i g h t  o f  f r o z e n  s o i l  by t h e  

method of w e i g h i n g  i n  a n e u t r a l  f l u i d  T a 6 . 7 n u a  10 

(aapua) 
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a- No.; b- L a b o r a t o r y  No.; c- Survey h o l e  No.; d- Depth a t  which  sample  was 

t a k e n ,  i n  m e t e r s ;  e- Weight  o f  sample  i n  a i r  g ,  i n  g rams ;  f -  Weight o f  s a m p l e  

i n  t h e  n e u t r a l  f l u i d  g  i n  g rams ;  g- S p e c i f i c  g r a v i t y  of t h e  n e u t r a l  f l u i d  
1 ' 

M 
i n  g/cm3; h- S p e c i f i c  w e i g h t  of t h e  f r o z e n  s o i l  YO63 i n  g/cm 

3 
Y,, 

The method o f  m e a s u r i n g  s a m p l e s  which have  a r e c t i l i n e a r  g e o m e t r i c a l  s h a p e .  

2.58. When r i n g s  are n o t  a v a i l a b l e  i t  is p o s s i b l e  t o  o b t a i n  s a m p l e s  o f  

u n d i s t u r b e d  f r o z e n  s o i l  f o r  d e t e r m i n i n g  s p e c i f i c  w e i g h t  by u s i n g  c o r e s  f rom 

b o r e  h o l e s  ( w e i g h i n g  n o t  more t h a n  1 kg  e a c h ) ,  o r  m o n o l i t h i c  s a m p l e s  f rom 

s a m p l i n g  p i t s ,  t h e  s a m p l e s  b e i n g  f a s h i o n e d  i n t o  c u b e s  a p p r o x i m a t e l y  5 cm o n  a 

s i d e .  

The h e i g h t  and  d i a m e t e r  o f  t h e  c o r e  s a m p l e ,  o r  t h e  s i d e s  o f  t h e  c u b e ,  are 

measured t h r e e  times t o  a n  a c c u r a c y  o f  1 mm. The c o r e  sample  o r  m o n o l i t h  is  

weighed,  w i t h o u t  p e r m i t t i n g  i t  t o  thaw,  on  a c o u n t e r - b a l a n c e  t o  a n  a c c u r a c y  o f  

+ 0.01 g. - 

The s p e c i f i c  w e i g h t  is  c a l c u l a t e d  u s i n g  t h e  f o r m u l a  

where g  - is  t h e  w e i g h t  o f  t h e  sample ,  i n  g rams ;  

v 3 - is t h e  volume o f  t h e  s a m p l e ,  i n  cm . 



B. The method o f  w e i g h i n g  i n  a n e u t r a l  f l u i d  

2.59. A g l a s s  v e s s e l  h a v i n g  a c a p a c i t y  o f  a p p r o x i m a t e l y  500 cmJ is 

f i l l e d  t o  two t h i r d s  o f  i ts  h e i g h t  w i t h  a n e u t r a l  f l u i d  ( k e r o s i n e ,  l i g r o i n ,  

e t c . ) ,  i t s  t e m p e r a t u r e  is  measured ,  and  t h e  s p e c i f i c  w e i g h t  is d e t e r m i n e d  w i t h  

t h e  a i d  o f  a p e t r o l e u m  d e n s i t y  meter. 

Note: The n e u t r a l  f l u i d  is  s a t u r a t e d  w i t h  water by c o n t a c t  w i t h  i c e  

b e f o r e  t h e  s p e c i f i c  w e i g h t  ( d e n s i t y )  o f  t h e  f l u i d  i s  measured .  

The l e f t  s t i r r u p  hook and pan  are removed f rom t h e  beam o f  t h e  

c o u n t e r - b a l a n c e  and  t h e  scales are b a l a n c e d  w i t h  t h e  a i d  o f  a bag o f  s h o t  

which is suspended  from t h e  l e f t  hook. 

2.60. A randomly shaped sample  w e i g h i n g  a p p r o x i m a t e l y  100-150 g  is  t a k e n  

from a m o n o l i t h  ( o r  c o r e  s a m p l e )  o f  f r o z e n  s o i l ,  t i e d  w i t h  a n y l o n  s t r i n g ,  

suspended  from t h e  l e f t  s t i r r u p ,  and weighed.  Another  s ample  o f  f r o z e n  s o i l  

i s  s i m u l t a n e o u s l y  t a k e n  from t h e  m o n o l i t h  ( o r  c o r e  sample )  i n  o r d e r  t o  

d e t e r m i n e  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  ( s e c t i o n s  2.28-2.30 and  2 .31) .  

2.61. The g l a s s  v e s s e l  c o n t a i n i n g  t h e  n e u t r a l  f l u i d  is p o s i t i o n e d  o n  t h e  

l e f t  s i d e  o f  t h e  b a s e  of t h e  b a l a n c e ;  t h e  sample  o f  f r o z e n  s o i l  which  i s  

suspended  f rom t h e  l e f t  s t i r r u p  is  c a r e f u l l y  lowered  i n t o  t h e  f l u i d  t o  a d e p t h  

o f  a t  least 5-7 cm, and  t h e  sample  is weighed a g a i n .  

Note: Dur ing  we igh ing  t h e  sample  of  f r o z e n  s o i l  i n  t h e  n e u t r a l  f l u i d  

must n o t  t o u c h  t h e  bo t tom or walls o f  t h e  v e s s e l .  
M 3 

2.62. The s p e c i f i c  w e i g h t  o f  t h e  f r o z e n  s o i l  (yo6),  i n  g/cm , is 

c a l c u l a t e d  u s i n g  t h e  f o r m u l a  

where  g - is t h e  w e i g h t  o f  t h e  sample  o f  f r o z e n  s o i l  i n  a i r ,  i n  g rams ;  

gl 
- is  t h e  w e i g h t  o f  t h e  sample  i n  t h e  n e u t r a l  f l u i d ,  i n  g rams ;  

3 
Y M  

- is t h e  s p e c i f i c  g r a v i t y  of  t h e  n e u t r a l  f l u i d ,  i n  g/cm . 
The e x p e r i m e n t a l  d a t a  a r e  r e c o r d e d  as shown i n  T a b l e  10.  



C.  The method o f  t h e  d i s p l a c e m e n t  o f  a n e u t r a l  f l u i d  

2.63. A randomly s h a p e d  m o n o l i t h  ( o r  c o r e  s a m p l e )  o f  f r o z e n  s o i l  

we igh ing  3-5 kg  i s  weighed on a pan b a l a n c e  and t i e d  w i t h  a n y l o n  s t r i n g  o r  a 

t h i n  wire. 

A p a i l  w i t h  a s p o u t  is  f i l l e d  w i t h  t h e  n e u t r a l  f l u i d  u n t i l  t h e  e x c e s s  

b e g i n s  t o  pour  o u t  t h r o u g h  t h e  s p o u t ;  t h e  t e m p e r a t u r e  o f  t h e  n e u t r a l  f l u i d  is  

measured and t h e  s p e c i f i c  g r a v i t y  is  d e t e r m i n e d  w i t h  t h e  a i d  o f  a p e t r o l e u m  

d e n s i t y  meter. 

The sample  o f  f r o z e n  s o i l ,  which is  suspended  f rom t h e  s t r i n g  o r  wire, i s  

c a r e f u l l y  lowered  i n t o  t h e  n e u t r a l  f l u i d ,  and a l l  o f  t h e  d i s p l a c e d  f l u i d  is  

c o l l e c t e d  i n  a 2-3 l i t e r  pre-weighed g l a s s  o r  metal c o n t a i n e r .  

2.64. The c o n t a i n e r  w i t h  t h e  f l u i d  is weighed on a pan b a l a n c e .  The 

sample  o f  f r o z e n  s o i l  i s  t a k e n  o u t  o f  t h e  p a i l ,  t h e  l a y e r  which h a s  become 

impregan ted  w i t h  t h e  f l u i d  is  d i s c a r d e d ,  and t h e  m o i s t u r e  c o n t e n t  o f  t h e  

f r o z e n  s o i l  is d e t e r m i n e d .  

2.65. The s p e c i f i c  w e i g h t  o f  t h e  f r o z e n  s o i l  i s  d e t e r m i n e d  u s i n g  t h e  

fo rmula  

where g  - is t h e  w e i g h t  o f  t h e  sample  o f  f r o z e n  s o i l  i n  t h e  a i r ,  i n  g rams ;  

gl 
- i s  t h e  w e i g h t  o f  t h e  c o n t a i n e r  w i t h  t h e  d i s p l a c e d  f l u i d ,  i n  

grams ; 

2 
- is t h e  w e i g h t  o f  t h e  c o n t a i n e r ,  i n  grams; 

3 
Y, 

- is t h e  s p e c i f i c  g r a v i t y  o f  t h e  n e u t r a l  f l u i d ,  i n  g/cm . 
The e x p e r i m e n t a l  d a t a  are r e c o r d e d  as shown i n  T a b l e  l l a .  

2.66 Dur ing  l a r g e  scale d e t e r m i n a t i o n s  o f  t h e  s p e c i f i c  w e i g h t  o f  f r o z e n  

s o i l  i n  t h e  f i e l d  i t  is  p e r m i s s i b l e  t o  measure  t h e  volume o f  t h e  d i s p l a c e d  

f l u i d  w i t h  t h e  a i d  o f  a g r a d u a t e d  c y l i n g e r .  I n  t h i s  case, t h e  s p e c i f i c  w e i g h t  

o f  t h e  f r o z e n  s o i l  i s  c a l c u l a t e d  u s i n g  t h e  fo rmula  



where g - i s  t h e  w e i g h t  o f  t h e  sample  o f  f r o z e n  s o i l  i n  a i r ,  i n  g r a m s ;  

V r 
3 - i s  t h e  volume o f  t h e  d i s p l a c e d  f l u i d ,  i n  cm . 

The e x p e r i m e n t a l  d a t a  are r e c o r d e d  as shown i n  T a b l e  l l b .  

D. The c o m p u t a t i o n a l  method 

2.67. The s p e c i f i c  w e i g h t  o f  f r o z e n  s o i l s  w i t h  a l a y e r e d  o r  r e t i c u l a t e  

s t r u c t u r e  may be  d e t e r m i n e d  by means of c a l c u l a t i o n s  b a s e d  on m o i s t u r e  c o n t e n t  

d a t a .  F o r  e a c h  l a y e r  o f  a g i v e n  v e r t i c a l  i n t e r v a l  o r  s o i l  h o r i z o n  t h e  s p e c i f i c  

we igh t  is  c a l c u l a t e d  u s i n g  t h e  fo rmula  

3 where 'r - is  t h e  d e n s i t y  o f  t h e  s o i l  s k e l e t o n ,  i n  g/cm ; 

W - i s  t h e  t o t a l  m o i s t u r e  c o n t e n t  of  t h e  l a y e r  o r  h o r i z o n  ( v e r t i c a l  
t 

i n t e r v a l )  e x p r e s s e d  as a d e c i m a l  f r a c t i o n .  

E. The "hole1 '  method 

2.68. The d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  w e i g h t  o f  f r o z e n  s o i l  by t h e  

"ho le"  method i s  c a r r i e d  o u t  i n  open mine work ings  ( s h a f t s ,  p r o s p e c t i n g  p i t s ,  

e t c . ) .  The f l o o r  o f  t h e  working  is l e v e l l e d  and smoothed,  a f t e r  which a recess 

( " h o l e " )  i s  made i n  t h e  f l o o r .  The d i m e n s i o n s  o f  t h i s  recess are n o t  less t h a n  

2 0 x 2 0 ~ 2 0  cm, and i t  s h o u l d  b e  as r e c t i l i n e a r  as p o s s i b l e .  A l l  o f  t h e  s o i l  

which is removed f rom t h e  h o l e  i s  c o l l e c t e d  and  weighed on  a pan b a l a n c e  t o  a n  

a c c u r a c y  o f  1 g.  The  volume o f  t h e  h o l e  is  measured  by c o m p l e t e l y  f i l l i n g  i t  

w i t h  d r y  s a n d  o r  water which is poured  f rom a m e a s u r i n g  c o n t a i n e r .  

Note: When water i s  used  t o  f i l l  t h e  h o l e  it  i s  first l i n e d  w i t h  a 

s y n t h e t i c  f i l m .  



T a b l e  l l a .  The d e t e r m i n a t i o n  of t h e  s p e c i f i c  w e i g h t  o f  f r o z e n  s o i l s  by t h e  

method o f  t h e  d i s p l a c e m e n t  o f  a n e u t r a l  f l u i d  

a )  we igh ing  o f  t h e  d i s p l a c e d  f l u i d  

a- No. ; b- No. o f  b o r e h o l e ;  c- Depth a t  which sample  was t a k e n ,  i n  meters; d- 

Weight  of sample  i n  a i r  g ,  i n  g rams ;  e- Weight  o f  c o n t a i n e r  g  i n  grams;  f -  
2' 

Weight of  c o n t a i n e r  w i t h  d i s p l a c e d  n e u t r a l  f l u i d  g  i n  grams;  g- Weight  of 
1 ' 

d i s p l a c e d  n e u t r a l  f l u i d  g  -g i n  g rams ;  h- S p e c i f i c  we igh t  o f  t h e  n e u t r a l  
1 2 '  

3. M f l u i d  3 
Y M  

i n  g/cm , i- S p e c i f i c  w e i g h t  o f  s ample  yO6, i n  g/cm . 
T a B n ~ ~ u a  l l a  
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t a k e n ;  e- Weight  o f  s ample  i n  a i r  g ,  i n  g rams ;  f -  Volume o f  d i s p l a c e d  f l u i d  

3 
"m: , i n  cm3; g- S p e c i f i c  w e i g h t  o f  s ample  yM , i n  g l cm . 
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The s p e c i f i c  weight of t h e  f rozen  s o i l  is c a l c u l a t e d  u s ing  t h e  formula 

where g - 
2 

is  t h e  weight of t h e  s o i l  which is t aken  out  t o  make t h e  h o l e ,  

i n  grams; 

'hole 
- is t h e  volume of  t h e  ho l e ,  which i s  equa l  t o  t h e  volume o f  t h e  

3  sand o r  water  used t o  f i l l  i t ,  i n  cm . 

F. S p e c i f i c  weight of t h e  s k e l e t o n  

M 
2.69. The s p e c i f i c  weight of t h e  f rozen  s o i l  ske l e ton  ( Y  ) is 

c a l c u l a t e d  us ing  t h e  formula 

M 
where YO6 - is t h e  s p e c i f i c  weight of  t h e  f rozen  s o i l ,  i n  g/cm3; 

Wt 
- i s  t h e  t o t a l  mois ture  conten t  of  t h e  f rozen  s o i l ,  expressed 

a s  a  decimal  f r a c t i o n .  

SALINITY 

2.70. The s a l i n i t y  of  a  s o i l  is  understood t o  mean its con ten t  by weight 

o f  water-soluble  s a l t s .  The s a l i n i t y  Z i s  expressed a s  a  % of t h e  weight of 

t h e  s o i l  ske l e ton ,  i nc lud ing  t h e  weight o f  t h e  s o l u b l e  s a l t s ,  i.e. Z = 
0 0 

Z 
- (where g - is  t h e  weight of  t h e  s k e l e t o n  of  t h e  s o i l  p a r t i c l e s ,  i nc lud ing  
g 4  

4 

the weight of t h e  s o l u b l e  s a l t s ) .  
2.71. S o i l s  a r e  s a i d  t o  be  s a l i n e  i f  t h e i r  con ten t  of  s o l u b l e  s a l t s  

exceeds t h e  fo l lowing  amounts: 

f o r  sandy s o i l s  - 0.1%; 

f o r  sandy loams - 0.15%; 

f o r  loams - 0.2%; 

f o r  c layey  s o i l s  - 0. 25%. 



Note: M a c r o c l a s t i c  s o i l s  are s a i d  t o  b e  s a l i n e  i f  t h e  c o n t e n t  o f  s o l u b l e  

sal ts  i n  t h e i r  f i l l e r  m a t e r i a l  e x c e e d s  t h e  above  ment ioned s a l i n i t y  v a l u e s .  

Note:  The s a l i n i t y  c r i t e r i a  f o r  v a r i o u s  n o m e n c l a t u r a l  s o i l  t y p e s  were 

e s t a b l i s h e d  on  t h e  b a s i s  o f  d a t a  a b o u t  t h e  e f f e c t s  o f  s a l i n i t y  on t h e  s t r e n g t h  

c h a r a c t e r i s t i c s  o f  s a m p l e s  o f  f r o z e n  s o i l s .  

2.72. I n  o r d e r  t o  d e t e r m i n e  t h e  s a l i n i t y  o f  f r o z e n  s o i l s  u s e  is made o f  

m o n o l i t h s ,  c o r e  s a m p l e s ,  o r  o f  s a m p l e s  w i t h  d i s t u r b e d  c o m p o s i t i o n  and n a t u r a l  

m o i s t u r e  c o n t e n t .  

Appara tus  

2.73. The f o l l o w i n g  items are u s e d  f o r  d e t e r m i n i n g  s a l i n i t y :  

a )  1000 m l  g l a s s  wide-neck f l a s k s  w i t h  r u b b e r  s t o p p e r s ;  

b )  No. 3 o r  No. 4  p o r c e l a i n  e v a p o r a t i n g  d i s h e s ;  

c )  1 5  cm d i a m e t e r  f u n n e l s ;  

d )  s a n d  b a t h s  and watch  g l a s s e s  h a v i n g  a  d i a m e t e r  o f  18-20 cm; 

e )  f i l t e r  pape r .  

TESTING PROCEDURE 

2.74. A weighed sample  o f  s o i l ,  whose n a t u r a l  m o i s t u r e  c o n t e n t  h a s  been 

d e t e r m i n e d ,  is p l a c e d  i n t o  a g l a s s  wide-neck 1000 m l  f l a s k .  The weighed sample  

is chosen  s u c h  t h a t  i t  c o n t a i n s  100 g  o f  s o i l  s k e l e t o n  p a r t i c l e s .  

The w e i g h t  o f  t h e  m o i s t  s ample  is d e t e r m i n e d  u s i n g  t h e  formula :  

g = g1 ( 1  + W), ( 2 4 )  

where g  - is t h e  w e i g h t  o f  t h e  m o i s t  s a m p l e ,  i n  g ;  

g l  
- is  t h e  w e i g h t  o f  t h e  d r y  s a m p l e ,  i n  g ;  

W - is t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  e x p r e s s e d  as a d e c i m a l  

f r a c t i o n  [as d e t e r m i n e d  by t h e  a v e r a g e  sample  method ( s e c t i o n s  

2.32-2.33)] .  

500 m l  o f  d i s t i l l e d  w a t e r  are added  t o  t h e  f l a s k ,  i t  is s e a l e d  t i g h t l y  

w i t h  a r u b b e r  s t o p p e r ,  v i g o r o u s l y  shaken  f o r  5 m i n u t e s ,  and  t h e  s u s p e n s i o n  is 

t r a n s f e r r e d  t o  t h e  f u n n e l ,  which is equ ipped  w i t h  a d o u b l e  f i l t e r  pape r  l i n i n g  

and is  h e l d  above  a 500-700 m l  g l a s s  f l a s k .  Dur ing  f i l t r a t i o n  t h e  f u n n e l  must  

be c o v e r e d  w i t h  a watch  g l a s s .  



Note:  I n  t h e  e v e n t  t h a t  t h e  i n i t i a l  p o r t i o n s  o f  t h e  f i l t r a t e  are c l o u d y ,  

t h e y  a r e  r e p e a t e d l y  p a s s e d  t h r o u g h  t h e  same f i l t e r  u n t i l  t h e  f i l t r a t e  become 

c o m p l e t e l y  c l e a r .  

2.75. The f i l t r a t e  is d i v i d e d  i n t o  f i v e  p o r t i o n s  by p o u r i n g  i n t o  

pre-weighed 150-200 m l  p o r c e l a i n  d i s h e s ,  and  e v a p o r a t e d  on a s a n d  b a t h  u n t i l  a 

d r y  r e s i d u e  is o b t a i n e d .  

Note: B o i l i n g  and s p l a s h i n g  o u t  o f  t h e  f i l t r a t e  f rom t h e  d i s h  is n o t  

p e r m i t t e d  d u r i n g  e v a p o r a t i o n .  

The d i s h e s  c o n t a i n i n g  t h e  d r y  r e s i d u e  are  p l a c e d  i n t o  a d r y i n g  oven and  

d r i e d  a t  a t e m p e r a t u r e  o f  100-105 '~  u n t i l  a c o n s t a n t  w e i g h t  is a t t a i n e d ;  t h e  

w e i g h t  o f  t h e  d r y  r e s i d u e  i n  each  d i s h  is d e t e r m i n e d  t o  a n  a c c u r a c y  o f  - + 0 .01  

g ,  and t h e  t o t a l  w e i g h t  o f  t h e  water e x t r a c t  is  o b t a i n e d  by a d d i n g  t h e  above  

ment ioned i n d i v i d u a l  w e i g h t s .  

2 .76.  The s a l i n i t y  of  t h e  s o i l  ( Z )  is c a l c u l a t e d  u s i n g  t h e  fo rmula  

where  g  - is t h e  w e i g h t  o f  t h e  d r y  r e s i d u e  f rom t h e  water e x t r a c t ,  i n  g ;  
z 

t h e  v a l u e s  of  gl  and  W are t h e  same as  i n  fo rmula  ( 2 4 ) .  

The r e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  s a l i n i t y  are r e c o r d e d  as shown i n  

T a b l e s  1 2  and 13. 

T a b l e  12 .  Data on t h e  d e t e r m i n a t i o n  o f  t h e  d r y  r e s i d u e  o f  t h e  water e x t r a c t  

a- No.; b- L a b o r a t o r y  No.; c-  Dish No.; d- Dish  w e i g h t ,  i n  grams;  e- Weight o f  

d i s h  w i t h  t h e  d r y  r e s i d u e ,  i n  grams;  f -  1st w e i g h i n g ;  g- 2nd w e i g h i n g ;  h- 3 r d  

we igh ing ;  i- v a l u e  t a k e n  g  j- Weight  o f  t h e  d r y  r e s i d u e  g  
0  ; 

i n  grams;  
- z , i '  

k- T o t a l  w e i g h t  o f  t h e  d r y  r e s i d u e  g  - 11 

z - g z , i '  
i n  grams.  

T a 6 . l r 1 u a  12 

( @ o p \ ~ a )  

Aannve onpenmetinn cyxoro o c t r t r a  BORHOR BUTIIXKH 

e H ~ c  W W K l l  C CYXWM OCTaTKOY B 2 0 6 4 1 1 R  wc 

Rec cyxoro ' 

cyxoro o c T a r l i a  

n 
I I ~ ~ I I I H T O ~  o c r a ~ ~ a  gZsi. E 

gz '2 t t . i r  



T a b l e  13.  Data on t h e  d e t e r m i n a t i o n  o f  s o i l  s a l i n i t y  

a- No.; b- L a b o r a t o r y  No.; c- Boreho le  No.; d- Depth a t  which sample  was t a k e n ,  

i n  meters; e- Weight o f  sample  w i t h  n a t u r a l  m o i s t u r e  c o n t e n t  g ,  i n  grams;  f -  

Mois tu re  c o n t e n t  o f  sample  * W e x p r e s s e d  as a dec imal  f r a c t i o n ;  g- Weight o f  

t h e  d r y  r e s i d u e  from t h e  water e x t r a c t  g  i n  grams; h- The s a l i n i t y  o f  t h e  
z ' 

s o i l  Z ,  i n  %; i- *The d e t e r m i n a t i o n  o f  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  s ample  

is c a r r i e d  o u t  as i n d i c a t e d  i n  Tab le  7 .  

Aonnuc onpenencnna oaconennocTn rpynTa 

3. THERMAL PROPERTIES 

3.1. I t  is  n e c e s s a r y  t o  know t h e  c h a r a c t e r i s t i c s  o f  t h e  t h e r m a l  

p r o p e r t i e s  o f  f r o z e n  and thawing s o i l s ,  which are t o  be  used  as t h e  f o u n d a t i o n s  

o f  b u i l d i n g s  and s t r u c t u r e s ,  i n  o r d e r  t o  be a b l e  t o  c a r r y  o u t  t h e r m a l  

e n g i n e e r i n g  c a l c u l a t i o n s .  

3.2. The main d e s i g n  c h a r a c t e r i s t i c s  o f  t h e  t h e r m a l  p r o p e r t i e s  o f  f r o z e n  

o r  thawing  s o i l  are t h e  fo l lowing :  h e a t  c a p a c i t y  pe r  u n i t  volume C ,  t h e  

c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  A ,  and t h e  t h e r m a l  d i f f u s i v i t y  a. 

These c h a r a c t e r i s t i c s  are i n t e r r e l a t e d  i n  t h e  f o l l o w i n g  manner 

A = ac. (26) 

3.3. The t h e r m a l  p r o p e r t i e s  o f  a s o i l  depend on i ts  m o i s t u r e  c o n t e n t ,  

s p e c i f i c  w e i g h t ,  p a r t i c l e  s i z e  c o m p o s i t i o n ,  s t r u c t u r e ,  and t e m p e r a t u r e ,  and  

shou ld  be  de te rmined  u s i n g  samples  h a v i n g  a n a t u r a l  s t r u c t u r e  and  m o i s t u r e  

con t e n t  . 



3.4. The l a b o r a t o r y  methods o f  d e t e r m i n i n g  t h e  t h e r m a l  c h a r a c t e r i s t i c s  o f  

a  s o i l  a r e  d i v i d e d  i n t o  s t e a d y  and non-s teady s ta te  methods. Among t h e  l a t t e r ,  

r e g u l a r  t h e r m a l  s t a t e  methods are d i s t i n g u i s h e d .  The p r a c t i c a l  a p p l i c a b i l i t y  

o f  t h e s e  methods v a r i e s  and i s  de te rmined  by t h e  n a t u r e  o f  t h e  s o i l ,  i ts  

t e m p e r a t u r e ,  t h e  d imensions  o f  t h e  samples  b e i n g  t e s t e d ,  and t h e  r e q u i r e d  

d e g r e e  o f  a c c u r a c y  i n  t h e  measurement o f  t h e  c h a r a c t e r i s t i c s .  

3.5. The main a d v a n t a g e  o f  t h e  s t e a d y  s t a t e  method is i ts s i m p l e  and 

r i g o r o u s  t h e o r e t i c a l  b a s i s .  The c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  is 

de te rmined  u s i n g  t h e  s t e a d y  s ta te  method d i r e c t l y  from t h e  s i z e  o f  t h e  h e a t  

f low under a n  e s t a b l i s h e d  d i s t r i b u t i o n  o f  t e m p e r a t u r e s  i n  t h e  s o i l  sample  b e i n g  

t e s t e d .  When d e t e r m i n i n g  t h e  t h e r m a l  c o n d u c t i v i t y  o f  f r o z e n  s o i l  i n  which 

t e m p e r a t u r e  changes  a r e  accompanied by phase  changes  o f  water t h i s  method 

p r o v i d e s  t h e  most a c c u r a t e  r e s u l t s .  

The s t e a d y  s t a t e  method is  n o t  s u i t a b l e  f o r  d e t e r m i n i n g  t h e  t h e r m a l  

p r o p e r t i e s  o f  mois t  thawed s o i l  w i t h i n  which t h e  w a t e r  is r e d i s t r i b u t e d  as a 

consequence  o f  t h e  l o n g  d u r a t i o n  o f  t h e  t e s t i n g .  For t h e s e  purposes  non-steady 

s ta te  t r a n s i e n t  methods are u s e d ,  which make i t  p o s s i b l e  t o  d e t e r m i n e  t h e  

t h e r m a l  c h a r a c t e r i s t i c s  o f  s o i l  a s  i t  is b r i e f l y  h e a t e d .  Non-steady s ta te  

methods a r e  a l s o  used f o r  d e t e r m i n i n g  t h e  t h e r m a l  p r o p e r t i e s  o f  f r o z e n  s o i l s ,  

b u t  a t  such  low t e m p e r a t u r e s  t h a t  t h e  e x p e n d i t u r e  o f  h e a t  on t h e  phase  changes  

o f  w a t e r  can  be  ignored .  

3.6. Var ious  m o d i f i c a t i o n s  o f  t h e  above mentioned methods f o r  d e t e r m i n i n g  

t h e  t h e r m a l  p r o p e r t i e s  o f  s o i l s  d i f f e r  w i t h  r e s p e c t  t o  t h e i r  t h e o r e t i c a l  b a s e s ,  

methods o f  r e g i s t e r i n g  h e a t  l o s s e s ,  and e x p e r i m e n t a l  t e c h n i q u e s .  The methods 

which a r e  recommended i n  t h i s  handbook f o r  p r a c t i c a l  a p p l i c a t i o n  were s e l e c t e d  

t a k i n g  i n t o  accoun t  t h e  p e c u l i a r i t i e s  o f  t h e  t h e r m a l  p r o p e r t i e s  o f  thawed and  

f r o z e n  s o i l s ,  as w e l l  as t h e  e x p e r i e n c e  accumulated  i n  t h e r m a l  r e s e a r c h  on 

s o i l s  and b u i l d i n g  m a t e r i a l s .  

3.7. The a r r a y  o f  recommended methods f o r  s t u d y i n g  t h e  t h e r m a l  p r o p e r t i e s  

o f  thawed and f r o z e n  s o i l s  o f  v a r y i n g  p a r t i c l e  s i z e  compos i t ion  and s t r u c t u r e ,  

as w e l l  as o f  i c e - r i c h  and s a l i n e  s o i l s ,  i n c l u d e  t h e  f o l l o w i n g :  

a  > t h e  s t e a d y  s ta te  method f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t  o f  t h e r m a l  

c o n d u c t i v i t y  o f  f r o z e n  s o i l ;  

b  t h e  the rmal  p u l s e  method f o r  d e t e r m i n i n g  t h e  t h e r m a l  

c h a r a c t e r i s t i c s  o f  m o i s t  thawed s o i l ;  



c > t h e  r e g u l a r  t h e r m a l  s t a t e  method f o r  d e t e r m i n i n g  t h e  t h e r m a l  

c h a r a c t e r i s t i c s  o f  s o i l s  u s i n g  samples  h a v i n g  small dimensions  (o f  

t h e  b o r e h o l e  c o r e  t y p e ) ;  

d  ) t h e  c a l o r i m e t r i c  measurement method f o r  p r e c i s e  d e t e r m i n a t i o n s  of 

t h e  s p e c i f i c  h e a t  o f  s o i l s  and o f  t h e i r  v a r i o u s  components. 

3.8. The s t e a d y  s t a t e  method is p r e s e n t e d  i n  accordance  w i t h  t h e  b a s i c  

p o s i t i o n s  which a r e  g i v e n  i n  S t a t e  S tandard  7076-66 C o n s t r u c t i o n  m a t e r i a l s .  A 

method f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y .  The t h e r m a l  

p u l s e  method was proposed by t h e  "Conference on c u r r e n t  problems i n  

c o n s t r u c t i o n  p h y s i c s H .  A s  a p p l i e d  t o  t h e  d e t e r m i n a t i o n  o f  t h e  t h e r m a l  

p r o p e r t i e s  o f  s o i l s ,  t h e s e  methods were  r e v i s e d  somewhat, b u t  w i t h o u t  a f f e c t i n g  

t h e i r  fundamentals .  

The r e g u l a r  the rmal  regime method and t h e  c a l o r i m e t r i c  method o f  

d e t e r m i n i n g  t h e  h e a t  c a p a c i t y  o f  s o i l s  a r e  p r e s e n t e d  i n  t h e  g e n e r a l l y  a c c e p t e d  

manner. 

3.9.  The u s e  o f  t h e  d i f f e r e n t  methods f o r  s t u d y i n g  f r o z e n  and thawed 

s o i l s ,  which a r e  based on t h e  p r i n c i p l e s  o f  t h e  s t e a d y  and non-steady s t a t e ,  

conforms w i t h  t h e  p e c u l i a r i t i e s  o f  h e a t  t r a n s f e r ,  and e n s u r e s  r e s u l t s  which a r e  

f r e e  o f  t h e  e f f e c t s  o f  t h e  main i n t e r f e r i n g  f a c t o r s .  The a r r a y  o f  e x p e r i m e n t a l  

methods f o r  d e t e r m i n i n g  t h e  the rmal  c h a r a c t e r i s t i c s  o f  s o i l s  is supplemented by 

computa t iona l  methods,  which makes it p o s s i b l e ,  i n  c e r t a i n  p e r m i s s i b l e  c a s e s ,  

t o  r e d u c e  t h e  number o f  l a b o r i o u s  exper iments .  

3.10. The supplement  t o  t h i s  s e c t i o n  o f  t h e  Handbook g i v e s  t h e  b a s i c  

recommendations f o r  f a b r i c a t i n g  t h e  r e q u i r e d  measur ing  i n s t r u m e n t s  f o r  the rmal  

r e s e a r c h  on s o i l s .  

HEAT CAPACITY 

3.11. The h e a t  c a p a c i t y  o f  a  s o i l  c h a r a c t e r i z e s  i ts  a b i l i t y  t o  s t o r e  

h e a t .  A d i s t i n c t i o n  is made between t h e  s p e c i f i c  h e a t  and t h e  h e a t  c a p a c i t y  

pe r  u n i t  volume. The s p e c i f i c  h e a t  o f  a s o i l  c is n u m e r i c a l l y  e q u a l  t o  t h e  

q u a n t i t y  o f  h e a t  which is r e q u i r e d  t o  change t h e  t e m p e r a t u r e  o f  a u n i t  o f  i ts  

mass by 1°c, and is expressed  i n  k c a l / k g  deg.  The h e a t  c a p a c i t y  pe r  u n i t  

volume C is n u m e r i c a l l y  e q u a l  t o  t h e  q u a n t i t y  o f  h e a t  which is  r e q u i r e d  t o  

change t h e  t e m p e r a t u r e  o f  a  u n i t  o f  i t s  volume by 1"~ .  The s p e c i f i c  h e a t  and 

t h e  h e a t  c a p a c i t y  p e r  u n i t  volume o f  a  s o i l  a r e  i n t e r r e l a t e d  by t h e  e q u a t i o n  

3 
C =  cy kcal/m deg,  

06 
( 2 7 )  



3  where YO6 - is t h e  s p e c i f i c  we igh t  o f  t h e  s o i l ,  i n  kg/m . 
3.12. The s p e c i f i c  h e a t  o f  a  s o i l  is n o t  dependen t  upon its s t r u c t u r e  and  

its s p e c i f i c  we igh t .  The s p e c i f i c  h e a t  v a l u e s  o f  thawed ( c  ) and f r o z e n  
t 

(c,) s o i l s  can  be  d e t e r m i n e d ,  w i t h  an  a c c u r a c y  which is a d e q u a t e  f o r  

p r a c t i c a l  p u r p o s e s ,  by c a l c u l a t i o n s  a c c o r d i n g  t o  t h e  r e l a t i o n s h i p s  by we igh t  o f  

t h e  main components o f  t h e  s o i l  ( m i n e r a l  s k e l e t o n ,  un f rozen  water, and i ce )  

u s i n g  t h e  f o l l o w i n g  formulas :  

a )  i n  t h e  c a s e  o f  unf rozen  s o i l  

c L  = Cck + CBWc k c a l / k g  deg ;  

b )  i n  t h e  c a s e  o f  f r o z e n  s o i l  

c  + c W  + ( c - C ) W H  
c k  n c  B n 

c = k c a l l k g  deg ,  
M 

(29)  

1 + W- 

where c  
ck 

- is t h e  s p e c i f i c  h e a t  o f  t h e  m i n e r a l  s k e l e t o n  o f  t h e  s o i l ,  i n  

k c a l / k g  d e g ,  as de te rmined  e x p e r i m e n t a l l y ;  approx imate  v a l u e s  o f  

c  a r e :  0.17 f o r  s a n d s ,  0.18 f o r  sandy loam, 0.19-0.2 f o r  
ck 

loams,  and 0.21-0.22 f o r  c l a y s ;  

c  and c, - are t h e  s p e c i f i c  h e a t s  o f  w a t e r  and i c e ,  r e s p e c t i v e l y ,  i n  
B 

k c a l / k g  deg ,  as de te rmined  u s i n g  T a b l e  2 ;  

W - is t h e  m o i s t u r e  c o n t e n t  by w e i g h t ,  e x p r e s s e d  as a dec imal  
C 

f r a c t i o n ;  

W~ 
- is t h e  amount o f  u n f r o z e n  water a t  a g i v e n  t e m p e r a t u r e  o f  t h e  

f r o z e n  s o i l ,  e x p r e s s e d  as a dec imal  f r a c t i o n  and d e t e r m i n e d  

u s i n g  formula  ( 7 )  o r  t h e  method d e s c r i b e d  i n  s e c t i o n s  2.20-2.27. 

3.13. A d i s t i n c t i o n  is made between t h e  i n t r i n s i c  h e a t  c a p a c i t y  and t h e  

e f f e c t i v e  c a p a c i t y  o f  f r o z e n  s o i l .  

The i n t r i n s i c  h e a t  c a p a c i t y  o f  f r o z e n  s o i l  is n u m e r i c a l l y  e q u a l  t o  t h e  

amount o f  h e a t  which is r e q u i r e d  t o  change t h e  t e m p e r a t u r e  o f  a u n i t  o f  volume 

o r  o f  mass o f  t h e  s o i l  by 1°c. When h e a t  is t r a n s f e r e d  t o  t h e  s o i l  it is 

assumed t h a t  i ts  r a t i o  o f  water t o  ice d o e s  n o t  change.  



The e f f e c t i v e  h e a t  c a p a c i t y  o f  f r o z e n  s o i l  is n u m e r i c a l l y  e q u a l  t o  t h e  

amount o f  h e a t  which is r e q u i r e d  t o  change t h e  t e m p e r a t u r e  o f  a  u n i t  o f  volume 

o r  o f  mass o f  t h e  s o i l  by 1°c and t h e  phase compos i t ion  o f  t h e  pore  m o i s t u r e  

w i t h i n  it. The e f f e c t i v e  h e a t  c a p a c i t y  depends on t h e  t e m p e r a t u r e  o f  t h e  s o i l .  

The s p e c i f i c  e f f e c t i v e  h e a t  c a p a c i t y  may be  approx imate ly  e x p r e s s e s  by t h e  

formula:  

where c  
M 

- is t h e  i n t r i n s i c  h e a t  c a p a c i t y  o f  f r o z e n  s o i l ,  a s  de te rmined  

u s i n g  formula  (29 1; 

L= 80 k c a l / k g  - s p e c i f i c  h e a t  o f  t h e  m e l t i n g  o f  i c e ;  
M 

'ck 
- is t h e  s p e c i f i c  weight  o f  t h e  m i n e r a l  s k e l e t o n  o f  t h e  f r o z e n  

s o i l  i n  kg/m3; 

M 
'06 

- is t h e  s p e c i f i c  weight  o f  t h e  Frozen s o i l ,  i n  kg/m3; 

"". - is t h e  change i n  t h e  amount o f  unf rozen  w a t e r ,  e x p r e s s e d  a s  

A e a  dec imal  f r a c t i o n ,  a s  t h e  t e m p e r a t u r e  o f  t h e  f r o z e n  s o i l  

changes  by 1°c. The v a l u e  o f  5 is de te rmined  from t h e  
A e 

c u r v e  o f  t h e  amount o f  unf rozen  w a t e r  a s  a  f u n c t i o n  o f  t h e  

t e m p e r a t u r e  o f  t h e  f r o z e n  s o i l ,  which is o b t a i n e d  by t h e  

c a l o r i m e t r i c  method, i f  t h i s  is provided f o r ,  o r  by u s i n g  

formula  ( 2 )  i n  c h a p t e r  11-B.6-66 o f  t h e  C.  S. & R. 

Numerical ly  i t  is e q u a l  t o  t h e  t a n g e n t  o f  t h e  a n g l e  o f  s l o p e  

o f  t h e  t a n g e n t  t o  t h e  c u r v e  a t  t h e  p o i n t  o f  t h e  g i v e n  

t empera tu re .  

3.14. The i n t r i n s i c  h e a t  c a p a c i t y  v a l u e  o f  f r o z e n  s o i l  is used a s  a  

s t a n d a r d  parameter  i n  the rmal  e n g i n e e r i n g  c a l c u l a t i o n s  o f  t h e  thawing and 

f r e e z i n g  o f  s o i l s .  The e x p e n d i t u r e s  o f  h e a t  on t h e  phase t r a n s i t i o n s  o f  wa te r  

a r e  t aken  i n t o  accoun t  s e p a r a t e l y ,  it  b e i n g  a r b i t r a r i l y  assumed t h a t  such  

t r a n s i t i o n s  t a k e  p l a c e  a t  t h e  f r e e z i n g  boundary.  I t  is n o t  p o s s i b l e ,  d u r i n g  

t h e  e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  t h e  the rmal  c h a r a c t e r i s t i c s  o f  s o i l s ,  t o  

d i f f e r e n t i a t e  between t h e  e x p e n d i t u r e s  o f  h e a t  which go toward t h e  m e l t i n g  o f  

i c e  and t h o s e  which go toward h e a t i n g  t h e  s o i l .  For t h i s  r e a s o n  e x p e r i m e n t a l  

d e t e r m i n a t i o n s  g e n e r a l l y  y i e l d  t h e  e f f e c t i v e  h e a t  c a p a c i t y  v a l u e  o f  t h e  f r o z e n  

s o i l .  



Note: When t h e  h e a t  c a p a c i t y  o f  f r o z e n  s o i l  is determined e x p e r i m e n t a l l y  

o r  is c a l c u l a t e d  u s i n g  formula ( 3 0 ) ,  t h e  c o e f f i c i e n t  k  i n  fo rmulas  
c  P  

( 4 2 ) - ( 4 4 )  o f  c h a p t e r  II-B.6-66 o f  t h e  C. S. & R .  s h o u l d  be  assumed t o  e q u a l  one 

r e g a r d l e s s  o f  t h e  makeup o f  t h e  s o i l .  

3.15. The v a l u e  o f  t h e  i n t r i n s i c  h e a t  c a p a c i t y  o f  f r o z e n  s o i l  is  n o t  

determined e x p e r i m e n t a l l y .  I ts v a l u e  i s  e i t h e r  c a l c u l a t e d  u s i n g  formula  ( 2 9 )  

o r  determined from Tab le  10  o f  c h a p t e r  II-B.6-66 o f  t h e  C .  S. & R .  The 

s p e c i f i c  h e a t  c a p a c i t y  o f  t h e  m i n e r a l  s k e l e t o n  o f  t h e  s o i l ,  and t h e  e f f e c t i v e  

h e a t  c a p a c i t y  o f  t h e  f r o z e n  s o i l  a s  a n  a v e r a g e  v a l u e  f o r  a  g iven  i n t e r v a l  o f  

n e g a t i v e  t e m p e r a t u r e s ,  a r e  determined e x p e r i m e n t a l l y .  

3.16. The h e a t  c a p a c i t y  is determined e x p e r i m e n t a l l y  i n  o r d e r  t o  b e  a b l e  

t o  de te rmine  o t h e r  the rmal  p r o p e r t i e s  o f  s o i l  (phase  compos i t ion  o f  pore  

m o i s t u r e ,  c o e f f i c i e n t  o f  the rmal  c o n d u c t i v i t y )  w i t h i n  t h e  c o n t e x t  o f  t h e  

r e s p e c t i v e  p r o c e d u r e s ,  a s  w e l l  a s  f o r  s p e c i a l  purposes  d u r i n g  s t e a d y  s t a t e  

s t u d i e s  o f  b e a r i n g  s o i l s .  
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3.17. The d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  h e a t  o f  t h e  m i n e r a l  s k e l e t o n  o f  a  

s o i l  is c a r r i e d  o u t  by t h e  method o f  c a l o r i m e t r i c  measurement i n  a  l i q u i d  

v a r i a b l e  t empera tu re  c a l o r i m e t e r ,  whose d e s c r i p t i o n  and o u t f i t t i n g  a r e  

d e s c r i b e d  i n  s e c t i o n s  2.17-2.19. 

PREPARATION OF SAMPLES 

3.18. The samples  which a r e  t o  be  used f o r  d e t e r m i n i n g  t h e  s p e c i f i c  h e a t  

o f  t h e  m i n e r a l  s k e l e t o n  o f  a  s o i l  a r e  p repared  from s o i l  which h a s  been 

c o l l e c t e d  i n  accordance  w i t h  s e c t i o n  1.25. The sampled s o i l  is  d r i e d  u n t i l  i t  

is  a i r - d r y ,  p u l v e r i z e d  w i t h  a  r u b b e r - t i p p e d  p e s t l e ,  and s i f t e d  through a  s i e v e  

w i t h  a  1 mrn mesh. S u c c e s s i v e  q u a r t e r i n g  is  used t o  o b t a i n  3-4 samples  weighing 

60-80 g  each  from t h e  s i e v e d  s o i l .  When l a r g e  i n c l u s i o n s  a r e  p r e s e n t  i n  t h e  

s o i l ,  s e p a r a t e  weighed samples  a r e  p repared  from them ( i n  accordance  w i t h  t h e  

number o f  main m i n e r a l  t y p e s ) .  The c o n t e n t  by we igh t  o f  t h e  i s o l a t e d  s o i l  

components is determined w i t h  r e s p e c t  t o  t h e  i n i t i a l  we igh t  o f  t h e  sample  t o  a n  

accuracy  o f  1-29. 



I f  t h e  d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  h e a t  o f  t h e  m i n e r a l  s k e l e t o n  o f  t h e  

s o i l  is a n  i n t e g r a l  p a r t  o f  t h e  p r o c e d u r e  f o r  s t u d y i n g  t h e  phase  c o m p o s i t i o n  o f  

t h e  p o r e  m o i s t u r e ,  t h e n  t h e  measurement o f  t h e  s p e c i f i c  h e a t  s h o u l d  be  c a r r i e d  

o u t  u s i n g  t h e  same s o i l  s amples  which, were u s e d  t o  d e t e r m i n e  t h e  amount o f  

un f rozen  w a t e r .  The v a r i o u s  i n d i v i d u a l  s amples  a r e  combined t o  make a s i n g l e  

sample  from which 3-4 weighed samples  o f  60-80 g  e a c h  are t a k e n  by means o f  

s u c c e s s i v e  q u a r t e r i n g .  

3.19. The p r e p a r e d  samples  are l i g h t l y  packed i n t o  pre-weighed we igh ing  

c o n t a i n e r s  and  d r i e d  t o  a c o n s t a n t  w e i g h t  ( w i t h  a n  a c c u r a c y  o f  - + 0.002 g )  a t  a 

t e m p e r a t u r e  o f  +105'~.  S o i l s  which have  a l a r g e  a d m i x t u r e  o f  o r g a n i c  r e m a i n s  
0 

are d r i e d  a t  a  t e m p e r a t u r e  o f  +80 C .  , 

3.20. The d r i e d  samples  a r e  c o o l e d  i n  a d e s s i c a t o r  o v e r  c a l c i u m  c h l o r i d e ,  

t h e  we igh ing  c o n t a i n e r  c o v e r  is s e a l e d  w i t h  n i t r o c e l l u l o s e  enamel a n d ,  a f t e r  a 

c o n t r o l  we igh ing ,  t h e  b o t t l e  is p l a c e d  i n t o  a n  u l t r a t h e r m o s t a t  o r  a c r y o s t a t  

where it  i s  k e p t  f o r  8-10 h o u r s  a t  a c o n s t a n t  t e m p e r a t u r e ,  which is m a i n t a i n e d  

w i t h  a n  a c c u r a c y  o f  - + 0 . 0 1 ~ ~ .  The t e m p e r a t u r e  a t  which t h e  samples  are 

m a i n t a i n e d  is s e l e c t e d  on t h e  b a s i s  o f  t h e  t e m p e r a t u r e  o f  t h e  f l u i d  i n  t h e  

b u c k e t  o f  t h e  c a l o r i m e t e r ,  i n  o r d e r  t h a t  t h , e  f o l l o w i n g  c o n d i t i o n s  be met:  

where O a n d  0 - are t h e  t e m p e r a t u r e  o f  t h e  sample  a n d  t h e  i n i t i a l  
0 6 ~  0 

t e m p e r a t u r e  o f  t h e  f l u i d  i n  t h e  c a l o r i m e t e r  b u c k e t ,  
0 

r e s p e c t i v e l y ,  i n  C ;  

OHcn - i s  t h e  s p e c i f i e d  t e m p e r a t u r e  a t  which t h e  sample  is t e s t e d ,  i n  
0 
c; 

k - is t h e  t h e r m a l  v a l u e  o f  t h e  c a l o r i m e t e r ,  i n  c a l / d e g ;  

gr 
- is t h e  w e i g h t  o f  t h e  sample ,  i n  g ;  

Note: 0 .2  c a l / g  d e g  - t h e  t e n t a t i v e  v a l u e  o f  c ,  is a p p r o x i m a t e l y  e q u a l  t o  

t h e  s p e c i f i c  h e a t  o f  t h e  sample .  
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3.21. The e x p e r i m e n t s  f o r  d e t e r m i n i n g  t h e  s p e c i f i c  h e a t  o f  t h e  m i n e r a l  

s k e l e t o n  o f  t h e  s o i l  are r e p e a t e d  t h r e e  times, i n  a c c o r d a n c e  w i t h  t h e  g e n e r a l  

r u l e s  o f  c a l o r i m e t r i c  measurement.  A c o n t r o l  w e i g h i n g  o f  t h e  s a m p l e s  is 

c a r r i e d  o u t  a t  t h e  c o n c l u s i o n  o f  t h e  measurements .  

3.22.  The s p e c i f i c  h e a t  o f  t h e  s o i l  s ample  u n d e r  i n v e s t i g a t i o n  is 

c a l c u l a t e d  on t h e  b a s i s  o f  t h e  e x p e r i m e n t a l  r e s u l t s  u s i n g  t h e  fo rmula  

( k  + c r q )  ( 0 '  - 0 ' )  - (c6g6 + c H g H )  (0; - 0 ) 
o n 

c = C6P k c a l / k g  d e g  . 

where  k - is  t h e  t h e r m a l  v a l u e  o f  t h e  c a l o r i m e t e r ,  i n  c a l / d e g ;  

gk 
- i s  t h e  w e i g h t  o f  t h e  c a l o r i m e t r i c  f l u i d ,  i n  g ;  

C 
k 

- is  t h e  s p e c i f i c  h e a t  o f  t h e  c a l o r i m e t r i c  f l u i d ,  i n  c a l / g  d e g ,  

b e i n g  t h e  a v e r a g e  v a l u e  w i t h i n  t h e  t e m p e r a t u r e  r a n g e  from 0 
0 

t o  0,: ( s e e  T a b l e  3 ) ;  

0 '  and  0 ' -  are t h e  i n i t i a l  and  f i n a l  t e m p e r a t u r e s  o f  t h e  f l u i d  w i t h i n  t h e  
o n 

0 
c a l o r i m e t e r  b u c k e t ,  r e s p e c t i v e l y ,  i n  C, a d j u s t e d  t o  t a k e  i n t o  

a c c o u n t  h e a t  t r a n s f e r ;  

0 0 
o6p - is t h e  i n i t i a l  t e m p e r a t u r e  o f  t h e  s a m p l e ,  i n  C; 

6 
- is t h e  s p e c i f i c  h e a t  o f  t h e  w e i g h i n g  c o n t a i n e r  material. I n  t h e  

case o f  a b r a s s  w e i g h i n g  c o n t a i n e r  c  - 0.09 c a l / g  d e g ;  
6 -  

C H  - is t h e  s p e c i f i c  h e a t  o f  t h e  w e i g h i n g  b o t t l e  s e a l a n t ,  i n  c a l / g  

deg ;  

g r ,  g6 ,  gH- are t h e  w e i g h t s  o f  t h e  s o i l  s a m p l e ,  w e i g h i n g  c o n t a i n e r  and  

s e a l a n t ,  r e s p e c t i v e l y ,  i n  g.  

3.23. The s p e c i f i c  h e a t  o f  t h e  m i n e r a l  s k e l e t o n  o f  non-uni form s o i l ,  t h e  

s p e c i f i c  h e a t s  o f  whose i n d i v i d u a l  components  were d e t e r m i n e d  u s i n g  s a m p l e s  

which were p r e p a r e d  i n  a c c o r d a n c e  w i t h  s e c t i o n  3.18, is  c a l c u l a t e d  u s i n g  t h e  

fo rmula  

c  = c n + c n + c n k c a l / k g  d e g ,  
1 1  2 2 i i (34  



where c  - are t h e  measured  v a l u e s  o f  t h e  s p e c i f i c  h e a t s  o f  t h e  components  
i 

which c o m p r i s e  t h e  s o i l ,  i n  k c a l / k g  d e g ;  

n  - is  t h e  c o n t e n t  by w e i g h t  o f  t h e  components ,  e x p r e s s e d  as a 
i 

d e c i m a l  f r a c t i o n .  

3 .24 .  The r e s u l t s  o f  t h e  c a l o r i m e t r i c  d e t e r m i n a t i o n s  o f  t h e  s p e c i f i c  

h e a t s  o f  t h e  s o i l s  a r e  p r e s e n t e d  a s  shown i n  T a b l e  14 .  The s p e c i f i c  h e a t  o f  

t h e  t e s t e d  s o i l  is t a k e n  t o  b e  t h e  a r i t h m e t i c  mean v a l u e  o f  t h e  p a r a l l e l  

d e t e r m i n a t i o n s ,  c a l c u l a t e d  w i t h  a n  a c c u r a c y  o f  - + 0 . 0 1  k c a l / k g  deg .  The T a b l e  

i n  which t h e  t e m p e r a t u r e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t  a r e  r e c o r d e d  i n c l u d e s  t h e  

s t a r t i n g  t e m p e r a t u r e s  o f  t h e  s a m p l e  and  o f  t h e  c a l o r i m e t r i c  f l u i d .  The a v e r a g e  

c a l o r i m e t r i c  t e s t i n g  t e m p e r a t u r e  is t a k e n  t o  b e  t h e  a r i t h m e t i c  mean v a l u e  o f  

t h e  above  men t ioned  t e m p e r a t u r e s .  

THE DETERMINATION OF THE AVERAGE EFFECTIVE HEAT CAPACITY OF FROZEN SOIL 

3.25.  The a v e r a g e  e f f e c t i v e  h e a t  c a p a c i t y  o f  f r o z e n  s o i l  c  is t h e  
e @  

d e s i g n a t i o n  f o r  its e f f e c t i v e  h e a t  c a p a c i t y  w i t h i n  a g i v e n  r a n g e  o f  n e g a t i v e  

t e m p e r a t u r e s ,  and  a t t r i b u t e d  t o  t h e  m i d d l e  o f  t h i s  r a n g e .  

3.26.  The v a l u e  o f  t h e  a v e r a g e  e f f e c t i v e  h e a t  c a p a c i t y  o f  a f r o z e n  s o i l  

is  d e t e r m i n e d  by t h e  method o f  c a l o r i m e t r i c  measurement  f o r  a d e s i r e d  r a n g e  o f  

n e g a t i v e  t e m p e r a t u r e s  o r  a  s e q u e n c e  o f  s u c c e s s i v e  i n t e r v a l s .  I f  t h e  c h a n g e s  i n  

t h e  c  a r e  i n c l u d e d  i n  t h e  methodology f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t  o f  
e  @ 

t h e r m a l  c o n d u c t i v i t y  o f  t h e  f r o z e n  s o i l  t h e  c a l o r i m e t r i c  measurement  o f  t h e  

s a m p l e s  is c a r r i e d  o u t  w i t h i n  t h e  same t e m p e r a t u r e  l i m i t s  as was t h e  main 

e x p e r i m e n t .  

APPARATUS 

3.27.  The c a l o r i m e t r i c  measurement  o f  t h e  s a m p l e s  o f  f r o z e n  s o i l  is  

c a r r i e d  o u t  i n  a l i q u i d  c a l o r i m e t e r .  I n  o r d e r  t o  work a t  n e g a t i v e  

t e m p e r a t u r e s ,  a l c o h o l  o r  some o t h e r  n o n - f r e e z i n g  l i q u i d  is u s e d  as  t h  

c a l o r i m e t r i c  f l u i d ;  i t  is poured  i n t o  t h e  c a l o r i m e t e r  b u c k e t  and  i n t o  t h e  

e x t e r n a l  j a c k e t  o f  t h e  c a l o r i m e t e r .  The c a l o r i m e t e r  is i n s t a l l e d  i n  a  c o o l i n g  

chamber which is a t  a c o n s t a n t  n e g a t i v e  t e m p e r a t u r e  e q u a l  t o  o r  c l o s e  t o  t h a t  

o f  t h e  c a l o r i m e t r i c  f l u i d .  



PREPARATION OF SAMPLES 

3.28. S o i l  s a m p l e s  f o r  t h e  c a l o r i m e t r i c  d e t e r m i n a t i o n  o f  t h e  h e a t  

c a p a c i t y  a r e  t a k e n  i n  t h e  manner d e s c r i b e d  i n  s e c t i o n  1 .26 .  The w e i g h t  o f  a 

sample  must b e  0.5-1 kg .  Samples may b e  a l l o w e d  t o  thaw unde r  t h e  c o n d i t i o n  

t h a t  t h e i r  i n i t i a l  m o i s t u r e  c o n t e n t  b e  p r e s e r v e d .  

3.29. Three  o r  f o u r  weighed s a m p l e s  o f  60-80 g  e a c h  are p r e p a r e d  from t h e  

i n i t i a l  sample .  They a r e  l i g h t l y  packed i n t o  c a l o r i m e t e r  w e i g h i n g  c o n t a i n e r s ,  

weighed t o  a n  a c c u r a c y  o f  2 0.01  g ,  and  f r o z e n  a t  a  c o n s t a n t  t e m p e r a t u r e  as 

s p e c i f i e d  i n  s e c t i o n  2.16.  Samples  which a r e  d e l i v e r e d  t o  t h e  l a b o r a t o r y  i n  

t h e  f r o z e n  s t a t e  are k e p t ,  p r i o r  t o  c a l o r i m e t r i c  measurement ,  a t  a c o n s t a n t  

n e g a t i v e  t e m p e r a t u r e  f o r  10-12 h ~ u r s .  T h i s  t e m p e r a t u r e  must  b e  t h e  same as t h e  

lower  l i m i t  o f  t h e  t e m p e r a t u r e  i n t e r v a l  o f  t h e  e x p e r i m e n t s  c a l l e d  f o r  by t h e  

program. 

3.30. When t h e  measurement o f  t h e  h e a t  c a p a c i t y  is i n c l u d e d  i n  t h e  

methodology f o r  d e t e r m i n i n g  t h e  t h e r m a l  d i f f u s i v i t y  o f  t h e  f r o z e n  s o i l ,  t h e  

sample  which is u s e d  f o r  t h e  c a l o r i m e t r i c  measurement is t h e  same one  which is 

used  f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  s o i l .  

P r i o r  t o  c a r r y i n g  o u t  t h e  c a l o r i m e t r i c  measu remen t s~ ,  t h e  sample  ,is k e p t  a t  a 

c o n s t a n t  n e g a t i v e  t e m p e r a t u r e  f o r  10-12 h o u r s .  

EXPERIMENTAL PROCEDURE AND CALCULATION OF THE HEAT CAPACITY 

3.31. The c a l o r i m e t r i c  d e t e r m i n a t i o n  o f  t h e  h e a t  c a p a c i t y  o f  a s a m p l e  o f  

f r o z e n  s o i l  is c a r r i e d  o u t  i n  a c c o r d a n c e  w i t h  t h e  r u l e s  o f  c a l o r i m e t r i c  

measurement.  The measurements  are c a r r i e d  o u t  u n d e r  a r i s i n g  t e m p e r a t u r e  

r eg ime  f o r  t h e  sample  b e i n g  s t u d i e d  ( d u r i n g  t h e  t h a w i n g  c y c l e )  w i t h  t h e  i n i t i a l  

t e m p e r a t u r e  o f  t h e  c a l o r i m e t r i c  f l u i d  b e i n g  e q u a l  t o  t h e  u p p e r  l i m i t  o f  t h e  

t e m p e r a t u r e  i n t e r v a l  f o r  t h e  t e s t i n g  o f  t h e  s a m p l e ,  as e s t a b l i s h e d  by t h e  

p l a n .  The measurements  are r e p e a t e d  t h r e e  times. Upon t h e  c o m p l e t i o n  o f  

c a l o r i m e t r i c  t e s t i n g ,  t h e  sample  is weighed and  i ts  t o t a l  m o i s t u r e  c o n t e n t  is  

d e t e r m i n e d  by t h e  t h e r m o s t a t i c - w e i g h t  method. 



3.32. The value of the  average e f f ec t i ve  heat capacity of the  s o i l  sample 

being tes ted  c is  calculated using formula (33).  The calculated value 
e+ 

c is corre la ted w i t h  the average temperature of the calor imetr ic  
e 4 

mea'surement experiment, which is equal t o  the  ar i thmet ic  average of the  i n i t i a l  

values of the temperature of the sample 0 
O ~ P  

and of the  calor imetr ic  f l u id  

0,. 
The r e s u l t s  of the  calor imetr ic  experiments which a r e  carr ied  out on the 

s o i l  a r e  presented a s  shown in  Table 1 4 .  

3.33. An example of the  calcula t ion of the spec i f i c  heat  of the s o i l  

skeleton is presented i n  Table 15. 

Table 1 4 .  Results of the  determinations of the heat  capacity of the s o i l  

a- Laboratory No. of sample; b- Sampling s i t e  (survey hole ,  depth) ;  c- 

Designation and descr ip t ion of s o i l ;  d- Total  weight of the  s o i l  sample, 

in  kg; e- Moisture content o f  s o i l ,  in  %; f- Content of f rac t ions  > 5 mm; 
0 

g- Temperature of the sample, in  C;  h- i n i t i a l ;  i- f i n a l ;  j- average; 

k- The sp ec i f i c  heat of the mineral skeleton of the  s o i l ,  i n  kcal/kg deg; 

1- for  the sample a s  a whole; m- for  f rac t ions  < 5  mm; n- for  f rac t ions  >5 

mm; o- Average e f f ec t i v e  heat  capacity of the frozen s o i l ,  i n  kcal/kg deg; 

p- Remarks 
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T a b l e  15.  

S -  fl p n Me q a H He. O m o n  I I O  TepMOMeTPY 6 e ~ ~ a ~ a ;  0,79. O m o n  no na- 
~ O P B T O P H O M Y  TepMOMeTpY I7.5Y c. 

a- S t a g e  o f  exper iment ;  b- Time, i n  minu tes ;  c- Beckman thermometer r e a d i n g s ;  

d- I n i t i a l  d a t a ;  e- I n i t i a l ;  f- Main; g- F i n a l ;  H- S o i l :  s i l t y  loam; i- Weight 

o f  a  sample  o f  d r y  s o i l  g =44.6 g;  j- Weight o f  we igh ing  c o n t a i n e r  g6=50.68 g ;  
r 

k- Weight o f  n i t r o c e l l u l o s e  enamel gH=0.26 g ;  1- I n i t i a l  t e m p e r a t u r e  o f  t h e  
0 

sample 0 06p=-5 C ;  m- Weight o f  t h e  water i n  t h e  c a l o r i m e t e r  bucke t  

$x=1200 g ;  n- Thermal v a l u e  o f  t h e  c a l o r i m e t e r  k=80 c a l / d e g ;  o- S p e c i f i c  h e a t  

of  t h e  c a l o r i m e t r i c  f l u i d  ( w a t e r )  a t  a t e m p e r a t u r e  o f  1 7 - 1 8 ' ~  ( f rom T a b l e  2 )  

ck=l.OO1 c a l / g  deg;  p- S p e c i f i c  h e a t  o f  t h e  weighing c o n t a i n e r  m a t e r i a l  

( b r a s s )  c =0.09 c a l / g ;  q- S p e c i f i c  h e a t  o f  t h e  n i t r o c e l l u l o s e  enamel c  
6 

H = O .  5 

c a l / g ;  r- Value o f  t h e  Beckman thermometer d i v i s i o n s  a t  a  t e m p e r a t u r e  o f  

1 7 - 1 8 ' ~  is e q u a l  t o  1 ° C ;  s- Note: eKOH a c c o r d i n g  t o  t h e  Beckman thermometer 

- 0.79,  a c c o r d i n g  t o  t h e  l a b o r a t o r y  thermometer i t  is 1 7 . 5 5 0 ~  
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The i n i t i a l  O a n d  f i n a l  O n  t e m p e r a t u r e s  o f  t h e  main p e r i o d  o f  t h e  
0 

e x p e r i m e n t ,  which were measured u s i n g  t h e  Beckman the rmomete r ,  a r e  c o n v e r t e d  

0 
C, h a v i n g  f i r s t  c o r r e c t e d  t h e  f i n a l  t e m p e r a t u r e  w i t h  r e s p e c t  t o  t h e  h e a t  

exchange  be tween t h e  c a l o r i m e t e r  a n d  t h e  e n v i r o n m e n t .  The c o r r e c t i o n  f o r  h e a t  

exchange  A (AO ) is c a l c u l a t e d  u s i n g  f o r m u l a  ( 4 .  I n  t h e  a b o v e  c a s e ,  t h i s  

c o r r e c t i o n  is e q u a l  t o  - 0 . 0 0 4 ~ ~  and t h e  c o r r e c t e d  t e m p e r a t u r e  a t  t h e  end  o f  

t h e  main p e r i o d  OX=0.77-0.004=0.766. The c h a n g e  i n  t h e  t e m p e r a t u r e  o f  t h e  

c a l o r i m e t r i c  f l u i d ,  t a k i n g  i n t o  a c c o u n t  t h e  c o r r e c t i o n  f o r  h e a t  e x c h a n g e ,  is 

o -0 '=1000-0 .766~0 .234  ( a c c o r d i n g  t o  t h e  Beckman the rmomete r ) .  
o n 

The d i f f e r e n c e  between t h e  l a b o r a t o r y  thermometer  and  Beckman the rmomete r  

r e a d i n g s  is  d e t e r m i n e d ;  6=17.55-0.79=16.76. 

The i n i t i a l  and f i n a l  t e m p e r a t u r e s  o f  t h e  main p e r i o d  o f  t h e  e x p e r i m e n t  i n  
0 

C are e s t a b l i s h e d :  

0 "c=0 +6=1+16.76=17.76; 
0 0 

The s p e c i f i c  h e a t  o f  t h e  s o i l  s ample  is d e t e r m i n e d  u s i n g  f o r m u l a  ( 3 3 )  

(1200~1.001+80)0.234-(0.09.50.68+0.5.0.2622.526 = 0.193 k c a l / k g  deg. 
C - 
r 

44 .6 .22 .526  

THERMAL CONDUCTIVITY A N D  THERMAL DIFFUSIVITY 

3.34. The t h e r m a l  c o n d u c t i v i t y  o f  a  s o i l  is c h a r a c t e r i z e d  by t h e  v a l u e  o f  

t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  , which is a n  i n d i c a t o r  o f  t h e  

p r o p o r t i o n a l i t y  be tween t h e  magn i tude  o f  t h e  s p e c i f i c  h e a t  f l o w  a n d  t h e  

t e m p e r a t u r e  g r a d i e n t  i n  t h e  s o i l .  The c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  is 

e x p r e s s e d  i n  kca l /m  h o u r  deg .  



3.35. According t o  t h e  r e l e v a n t  c h a p t e r s  o f  t h e  C.  S. & R . ,  when c a r r y i n g  

o u t  t h e r m a l  e n g i n e e r i n g  c a l c u l a t i o n s  f o r  b u i l d i n g s  and s t r u c t u r e s  which a r e  t o  

be  b u i l t  on pe rmaf ros t  t h e  v a l u e  of t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  is  

de te rmined  from t h e  t a b l e  o f  t h e  d e s i g n  v a l u e s  o f  t h e  the rmal  c h a r a c t e r i s t i c s  

o f  f r o z e n  s o i l s  ( T a b l e  15-a) .  The e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  t h e  t h e r m a l  

c o n d u c t i v i t y  o f  s o i l s  is c a l l e d  f o r  when b u i l d i n g  i n  a r e a s  o f  complex f r o z e n  

ground c o n d i t i o n s ,  a s  w e l l  a s  on i c e - r i c h ,  wa te r - logged ,  and s a l i n e  s o i l s  t o  

which t h e  d a t a  i n  Tab le  15-a a r e  n o t  a p p l i c a b l e .  The program f o r  t h i s  work is 

s e t  up by t h e  c o n t r a c t o r  i n  accordance  w i t h  t h e  purpose  and c l a s s  o f  t h e  

s t r u c t u r e ,  t h e  f r o z e n  ground c o n d i t i o n s ,  and t h e  s e l e c t e d  method f o r  u s i n g  s o i l  

a s  f o o t i n g s .  

3.36. The c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  is  de te rmined  f o r  f r o z e n ,  

u n f r o z e n  o r  thawed s o i l ,  u s i n g  u n d i s t u r b e d  s o i l  m o n o l i t h s  which a r e  o b t a i n e d  i n  

accordance  wi th  t h e  i n s t r u c t i o n s  g iven  i n  s e c t i o n  1.24 and t h e  r e q u i r e m e n t s  o f  

S t a t e  S t a n d a r d  12071-66. The samples  must be  a t  l e a s t  20x20 cm i n  p l a n  and 

10-20 cm h igh .  When t e s t i n g  s o i l s  f o r  t h e  f o o t i n g s  o f  s t r u c t u r e s  a t  d e p t h s  

below 5 m i t  is a l s o  p e r m i s s i b l e  t o  u s e  c o r e  samples  from b o r e  h o l e s  h a v i n g  a  

d iamete r  o f  a t  l e a s t  50 mm. The c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  thawed 

s o i l  is determined u s i n g  samples  o f  f r o z e n  s o i l  a f t e r  t h e y  have thawed under  a  

s t a n d a r d  l o a d .  

3.37. The t e s t i n g  o f  samples  o f  f r o z e n  s o i l  f o r  d e t e r m i n i n g  t h e r m a l  

c o n d u c t i v i t y  is c a r r i e d  o u t  when t h e  t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  sample  i s  

s t a b l e ,  u s i n g  t h e  s t e a d y  t h e r m a l  s t a t e  method. The a v e r a g e  t e m p e r a t u r e  o f  t h e  

sample  d u r i n g  t e s t i n g  must be  e q u a l  t o  t h e  n a t u r a l  o r  d e s i g n  t e m p e r a t u r e  o f  t h e  

s o i l ,  a s  s e t  by t h e  work p lan .  

3.38. Samples o f  unf rozen  and thawing s o i l  i n  which t h e  t h e r m a l  regime 

h a s  n o t  s t a b i l i z e d  a r e  t e s t e d  u s i n g  t h e  t h e r m a l  p u l s e  method, which i g n o r e s  t h e  

movement o f  m o i s t u r e  w i t h i n  them. The maximum change i n  t h e  t e m p e r a t u r e  o f  t h e  

sample  d u r i n g  t e s t i n g  shou ld  n o t  exceed 1 5 ' ~ .  

3.39. The t e s t i n g  of samples  o f  unf rozen  o r  f r o z e n  s o i l  which a r e  c u t  

from a  small diamete r  c o r e  ( w i t h  t h e  e x c e p t i o n  o f  heavy loams and c l a y s )  is 

c a r r i e d  o u t  i n  both  c a s e s  u s i n g  t h e  r e g u l a r  the rmal  regime method. The 

t e m p e r a t u r e  o f  a  sample of f r o z e n  s o i l  d u r i n g  t e s t i n g  s h o u l d  n o t  be  above 
0 

-10 C.  The the rmal  c o n d u c t i v i t y  v a l u e  o f  s o i l  which is above - 1 0 ' ~  is 

found by means o f  t h e  formula 



where lM and AT- a r e  t h e  v a l u e s  o f  t h e  c o e f f i c i e n t  o f  t h e  the rmal  

c o n d u c t i v i t y  o f  t h e  s o i l  i n  t h e  f r o z e n  and thawed s t a t e s ,  i n  

k c a l /  m hour  deg;  

W '  and WU - a r e  t h e  c o n t e n t  o f  unf rozen  wa te r  i n  t h e  sample o f  f r o z e n  
u  

s o i l ,  e x p r e s s e d  a s  a  dec imal  f r a c t i o n ,  a t  t h e  s p e c i f i e d  s o i l  

t e m p e r a t u r e  and a t  t h e  t e m p e r a t u r e  o f  t h e  exper iment ;  

t 
- is t h e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  s o i l ,  e x p r e s s e d  a s  a  dec imal  

f r a c t i o n .  

Tab le  1 5  a .  Design v a l u e s  o f  t h e  the rmal  c h a r a c t e r i s t i c s  o f  unf rozen  and 

f r o z e n  s o i l s  

3 a-  S p e c i f i c  weight  yO6, T / m  ; b- T o t a l  m o i s t u r e  c o n t e n t ,  e x p r e s s e d  a s  a  

dec imal  f r a c t i o n  W c- C o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  s o i l ,  i n  
t ;  

kcal /m hour  deg ;  d- sand ;  e- sandy loam; f -  loam and c l a y ;  g- Heat c a p a c i t y  pe r  

u n i t  volume o f  t h e  s o i l ,  i n  kcal /m5 deg 



Note: The CM v a l u e s  g iven  i n  t h e  T a b l e  a r e  f o r  a  t e m p e r a t u r e  o f  
0 

-10 C.  I n  t h e  t e m p e r a t u r e  range from -0.5 t o  -loOc t h e  C; i s  de te rmined  

a s  a  f u n c t i o n  o f  t h e  amount o f  unf rozen  w a t e r  a t  t h e  g i v e n  t e m p e r a t u r e ,  u s i n g  

t h e  formula  - [C (W -W )+CTWul. 
';-it M t u  

3.40. The c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  i c e - r i c h  s o i l  c o n t a i n i n g  

l a r g e  i n c l u s i o n s  o f  i c e  is de te rmined  by c a l c u l a t i n g  t h e  i n d i v i d u a l  t h e r m a l  

c o n d u c t i v i t i e s  o f  its c o n t i t u e n t  m i n e r a l  c o n t e n t  and i c e  l a y e r s .  Depending on 

t h e  n a t u r e  o f  t h e  c r y o g e n i c  s t r u c t u r e  t h e  c a l c u l a t i o n s  a r e  c a r r i e d  o u t  u s i n g  

t h e  f o l l o w i n g  formulas  : 

a  > f o r  i c e - r i c h  s o i l  wi th  l a y e r e d  s t r u c t u r e ,  i n  a  d i r e c t i o n  normal t o  

t h e  l a y e r i n g  

3c = A,, kr 
M -  

vTl2-T  i- ( 1  - JB) I., 
kcal/m hour deg; ( 3 6 )  

b  ) f o r  t h e  same s o i l ,  i n  t h e  same d i r e c t i o n  as t h e  l a y e r i n g  

A,, = ( 1  - Jl,) 3cr + JB3c,, kcal/m hour deg;  ( 3 7 )  

c f o r  s o i l  w i t h  r e t i c u l a t e  s t r u c t u r e ,  as w e l l  as f o r  s o i l  w i t h  a 

random d i s t r i b u t i o n  o f  i c e  i n c l u s i o n s  

where 11 - is t h e  v o l u m e t r i c  i c e  c o n t e n t  due t o  i c e  i n c l u s i o n s ,  e x p r e s s e d  
B 

as a decimal  f r a c t i o n ;  

- is t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  i c e  l a y e r s .  

For  i c e  o f  a v e r a g e  d e n s i t y  it is  assumed t h a t  A - 1.8 kcal /m 
n 

hour  deg;  

A r  - is t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  m i n e r a l  s o i l  

l a y e r s ,  kcal/m hour deg.  An approx imate  v a l u e  f o r  A is 
2  

o b t a i n e d  from T a b l e  15 a. 

3.41. The r e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  

c o n d u c t i v i t y  o f  s o i l  a r e  r e c o r d e d  as shown i n  Tab le  16.  

THE DETERMINATION OF THE COEFFICIENT 

OF THERMAL CONDUCTIVITY OF FROZEN SOIL 

3.42. The c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  f r o z e n  s o i l  shou ld  be 

determined mainly by t h e  s t e a d y  s t a t e  method, u s i n g  samples  which a r e  a t  l e a s t  

20x20 cm i n  p lan .  



3 .43 .  The  s t e a d y  s t a t e  m e t h o d ,  w h i c h  is recommended f o r  t e s t i n g  f r o z e n  

s o i l ,  is b a s e d  o n  t h e  m e a s u r e m e n t  o f  t h e  h e a t  f l o w  ( w h i c h  h a s  s t a b i l i z e d  w i t h  

r e s p e c t  t o  t i m e )  p a s s i n g  t h r o u g h  t h f ?  s o i l  s a m p l e  ur lder  i n v e s t i g a t i o n .  T h e  hea t .  

f l o w ,  w h i c h  ar  ises when t h e r e  a r e  c o n s t a n t  t e m p e r a t u r e  d i f f e r e n c e s  o n  t h c  

s u r f a c e  o f  t h e  s a m p l e ,  is m e a s u r e d  w i t h  t h e  a i d  o f  a  q u i c k - r e s p o n s e  

t h e r m o m e t e r .  T h i s  method may b e  u s e d  f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t  o f  

t h e r m a l  c o n d u c t i v i t y  o f  f r o z e n  s a n d y - c l a y e y  a n d  g r a v e l l y  s o i l s  w i t h  i n d i v i d u a l  

m i n e r a l  i n c l u s i o n s  o f  u p  t o  1 0  m m ,  as well a s  i c e - r i c h  s o i l s  w i t h  medium 

l a y e r e t i  a n d  r e t i c u l a t e  s t r u c t u r e ,  when t h e  t e m p e r a t u r e  o f  t h e  m o s t  h e a t e d  

0 
s u r f a c e  o f  t h e  s a m p l e  d o e s  n o t  e x c e e d  -1 C. 

APPARATUS 

3 .44 .  The  a p p a r a t u s  f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t  o f  t h e r m a l  

c o n d u c t i v i t y  o f  f r o z e n  s o i l  is shown i n  F i g u r e  7. 

The a p p a r a t u s  c o n s i s t s  o f  a f l a t  e l e c t r i c  h e a t e r  a n d  a q u i c k - r e s p o n s e  

t h e r m o m e t e r ,  l o c a t e d  a t  a  d i s t a n c e  o f  2  mm f r o m  t h e  s u r f a c e  o f '  t h e  

r e f r i g e r a t o r ,  w h i c h  is a  s m a l l  t a n k  t h r o u g h  w h i c h  t h e r e  is a  c o n s t a n t  f l o w  o f  a 

n o n - f r e e z i n g  l i q u i d  a t  a n e g a t i v e  t e m p e r a t u r e  t h e r m o s t a t i c a l l y  c o n t r o l l e d  t o  

w i t h i n  0 . 1 ' ~ .  T h e r m o c o u p l e s  a r e  a f f i x e d  t o  t h e  s u r f a c e  o f  t h e  s a m p l e .  T h e  

a p p a r a t u s  is p l a c e d  i n . s i d e  o f  a  t h e r m a l l y  i n s u l a t e d  r n e t a l  h o u s i n ~ .  A c l o v e  f ' i t  

t ) e tween  t h e  .?ample,  t h e  t h e r m o m e t e r ,  a n d  t h e  h e a t e r  is a s s u r e d  by t h e  u s e  o f  a 

Lever  d e v i c e .  The h e a t e r ,  t h e r m o m e t e r ,  a n d  r e f r i g e r a t o r  are c i r c u l a r  w i t h  

d i a m e t e r s  o f  20-25 cm. The  c e n t r a l  o p e r a t i o n a l  area o f  t h e  t h e r m o m e t e r ,  w h i c h  

c o n t a i n s  t h e  t h e r m a l  e l e m e n t s ,  s h o u l d  n o t  e x c e e d  o n  h a l f  o f  its d i a m e t e r .  

3 .45 .  The a p p a r a t u s  a l s o  i n c l u d e s  t h e  f o l l o w i n g  items: a n  RO-1  

t e m p e r a t u r e - c o n t r o l  d e v i c e  ( f o r  n e g a t i v e  t e m p e r a t u r e s  ) ; a KP-59 p o t e n t i o m e t e r ;  

a n  RNO-250-2 l a b o r a t o r y  a u t o t r a n s f o r m e r ;  a n  MGP t h e r m o c o u p l e  s w i t c h ;  a TS-16 

t h e r m o s t a t ;  a 5  amp ac a m m e t e r ;  a 1.5-2 l i t e r  Dewar f l a s k ;  a c o u n t e r - b a l a n c e .  

N o t e :  Under  f i e l d  c o n d i t i o n s  i t  is  p e r m i s s i b l e  t o  u s e  a  s i m p l i f i e d  

v e r s i o n  o f  t h e  a p p a r a t u s  i n  w h i c h  t h e  r e f r i g e r a t o r  a n d  h e a t e r  are r e p l a c e d  by 

b a t h s  which  are f i l l e d  w i t h  c o o l a n t  m i x t u r e s  h a v i n g  d i f f e r e n t  m e l t i n g  p o i n t s .  

A s c h e m a t i c  d i a g r a m  o f  t h e  s i m p l i f i e d  a p p a r a t u s  is shown i n  F i g u r e  8 .  



F i g u r e  7 .  S c h e m n t  i c  d i a g r a m  o f  t h e  a p p a r a t u s  f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t  

o f '  t,hermaL i : o n d u c t i v i t y  o f  f r o z e n  . s o i l s  by t h e  s t e a d y  s t a t e  m e t h o d .  

1- o 1 sampL(!; 2- f l n t  e l e c t r i c  h e a t e r ;  3- q u i c k - r e s p o n n e  t h e r m o m e t e r ;  4- 

r e f r  L ~ e r a t o r ;  5-t\- t h e r m o c o u p l e s ;  9- i n s u l a t e d  h o u s i n g ;  10 -  d e v i c e  f o r  a p p l y i n g  

p r e s : 3 u r e  

F i g u r e  8 .  S c h e m a t i c  d i a g r a m  o f  a n  a p p a r a t u s  f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t  of' 

t h e r m a l  c o n d i l c t i v i t y  o f  f r o z e n  s o i l s  b y  t h e  s t e a d y  s t a t e  rnet,t~od 

( s i m p l i f i e d  v e r s l o n )  

1- q u i c k - r e s p o n s e  t h e r m o m e t e r ;  2- metal t r a y ;  3- r e m o v a b l e  t h e r m a l  L y i r l : lu  1 i ~ t , ~ ( l  

c a s i n g ;  4- s o i l  s a m p l e ;  5- l i n e r ;  6- h e a t e r  b a t h ;  '7- r e f r l p , e r a t o r  b a t h ;  t5- 

s p r i n g  f a s t e r n e r s ;  9- t h e r m o c o u p l e s ;  1 0 -  c o o l a n t  m i x t u r e s ;  1 L -  c o v e r ;  12- 

l a b o r a t o r y  m e r c u r y  t h e r m o m e t e r s  



T a b l e  16 .  Data  on t h e  d e t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  

o f  a  s o i l  

a -  No.; b- L a b o r a t o r y  No.; c -  Su revy  h o l e  No.; d- Depth  a t  which  s a m p l e  was 

t a k e n ,  i n  m ;  e- S o i l  t y p e ,  by name; f -  Type o f  s a m p l e  ( m o n o l i t h  ( c o r e  s a m p l e )  

o r  w i t h  d i s t u r b e d  s t r u c t u r e ) ;  g- S i z e  o f  s a m p l e ;  h- C r y o g e n i c  s t r u c t u r e  o f  t h e  

s a m p l e ;  i- M o i s t u r e  c o n t e n t  o f  s a m p l e ,  i n  %; j- S p e c i f i c  w e i g h t  o f  s a m p l e ,  i n  

3 g/cm ; k- Method u s e d  t o  d e t e r m i n e  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y ;  

1- T e m p e r a t u r e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t ;  m- Average  e x p e r i m e n t a l  s a m p l e  

0 
t e m p e r a t u r e ,  i n  C ;  n- C o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  A ,  i n  k c a l / m  h o u r  

d e g r e e ;  o- Note If  t h e  r e g u l a r  t h e r m a l  r e g i m e  method was u s e d  t h e  s p e c i f i c  

h e a t  o f  t h e  s ample  and  t h e  method by which  i t  was o b t a i n e d  are a l s o  i n d i c a t e d .  

0- n p n M e r a e n e. Ecnn HcpTanne npoeaeonn.locb no YeTony per.ynspsoro Tennoeoro pemnala. norlonnnTe.lbno 
Y K ~ ~ U B ~ ~ T C I I  3nayeeee ynenblion TennoeMKocTn odpasua 11 cnocod re onycnenenen. 



PREPARATION OF SAMPLES 

3.46. I n  o r d e r  t o  d e t e r m i n e  t h e  t h e r m a l  c o n d u c t i v i t y  o f  t h e  s o i l  samples  

a r e  c u t ,  from monol i ths  ( o r  c o r e  s a m p l e s ) ,  i n  t h e  shape  o f  c i r c l e s  w i t h  a  

d i a m e t e r  e q u a l  t o  t h e  d iamete r  o f  t h e  t e s t i n g  a p p a r a t u s  h e a t e r ,  o r  i n  t h e  shape  

o f  a  s q u a r e  w i t h  a  d i a g o n a l  o f  t h e  same s i z e .  The t h i c k n e s s  o f  t h e  sample  is 

n o t  l e s s  t h a n  4  cm and n o t  more than  5 cm. The h e i g h t  o f  a  sample is measured 

w i t h  a n  a c c u r a c y  o f  0.1 cm. The t o p  and bottom o f  t h e  s o i l  sample  must be f l a t  

and e x a c t l y  p a r a l l e l  t o  each o t h e r .  Samples o f  i c e - r i c h  s o i l  w i t h  l a y e r e d  

s t r u c t u r e  a r e  c u t  s o  as t o  have b o t h  t h e  t o p  and bot tom s u r f a c e s  i n  l i n e  w i t h  

t h e  l a y e r i n g  o f  t h e  s o i l .  

3.47. Samples o f  l o o s e l y  f r o z e n  s o i l ,  which do n o t  h o l d  t h e i r  s h a p e  

w i t h o u t  t h e  a i d  o f  a s t i f f  c o n t a i n e r ,  a r e  p repared  w i t h  t h e  same dimens ions  i n  

s p e c i a l  h o l d e r s  made o u t  o f  a t h e r m a l l y  i n s u l a t i n g  m a t e r i a l .  The d e n s i t y  o f  

t h e  sample must be uniform th roughout  i t s  e x t e n t  and must be  e q u i v a l e n t  t o  t h e  

s p e c i f i c  we igh t  o f  t h e  s o i l  monol i th  ( o r  c o r e  s a m p l e ) .  

Note: I n  t h e  e v e n t  t h a t  it is n o t  p o s s i b l e  t o  o b t a i n  a  sample o f  t h e  

d imens ions  s p e c i f i e d  t h e  measurements a r e  c a r r i e d  o u t  on s m a l l e r  samples ,  b u t  

t h e  d imens ions  must n o t  be  s m a l l e r  t h a n  t h e  working p o r t i o n  o f  t h e  

thermometer.  The s p a c e  between t h e  edges  o f  t h e  sample  and o f  t h e  thermometer ,  

i n  t h i s  c a s e ,  a r e  f i l l e d  w i t h  a  m a t e r i a l  h a v i n g  a  t h e r m a l  c o n d u c t i v i t y  which is 

approx imate ly  e q u a l  t o ,  b u t  n o t  g r e a t e r  t h a n ,  t h e  t h e r m a l  c o n d u c t i v i t y  o f  t h e  

sample .  

EXPERIMENTAL PROCEDURE 

3.48. A prepared  sample o f  s o i l  is placed  i n t o  t h e  measur ing a p p a r a t u s .  

T h i s  i n v o l v e s  p l a c i n g  t h e  thermometer on t h e  r e f r i g e r a t o r  s u p p o r t ;  p l a c i n g  t h e  

s o i l  sample  on t h e  thermometer;  p l a c i n g  t h e  o p e r a t i o n a l  j u n c t i o n s  o f  t h e  

d i f f e r e n t i a l  thermocouples on both  s i d e s  o f  t h e  sample  i n  i ts  c e n t r a l  a r e a ,  

w h i l e  p l a c i n g  t h e  vcold ' l  j u n c t i o n s  o f  t h e  the rmocouples  ( r e f e r e n c e  j u n c t i o n s )  

i n  a  Dewar f l a s k  f i l l e d  w i t h  m e l t i n g  i c e  ( i c e  b a t h ) .  A h e a t e r  wi th  a  

t e m p e r a t u r e - c o n t r o l  s e n s o r  is i n s t a l l e d  on t o p  o f  t h e  sample.  P r e s s u r e  is 

a p p l i e d  t o  t h e  r e s u l t i n g  measur ing  a p p a r a t u s  w i t h  t h e  a i d  o f  a l e v e r  p r e s s .  I n  

o r d e r  t o  improve t h e  t h e r m a l  c o n t a c t  between t h e  sample ,  t h e  thermometer ,  and 

t h e  h e a t e r ,  i t  is recommended t h a t  t h i n  a s b e s t o s  o r  r u b b e r  l i n e r s  be  p laced  

between them. 



3.49. The t e m p e r a t u r e  c o n t r o l  d e v i c e s  f o r  t h e  h e a t e r  and t h e  t h e r m o s t a t  

o f  t h e  r e f r i g e r a t o r  a r e  s e t  t o  t h e  s p e c i f i e d  e x p e r i m e n t a l  t e m p e r a t u r e s  and t h e  

c u r r e n t  t o  t h e  e l e c t r i c  h e a t e r  is s w i t c h e d  on. The d i f f e r e n c e  between t h e  

t e m p e r a t u r e  o f  t h e  h e a t e r  and t h a t  o f  t h e  r e f r i g e r a t o r  s h o u l d  n o t  b e  l e s s  t h a n  

5 ' ~ .  A f t e r  3-4 h o u r s ,  p e r i o d i c  r e a d i n g s  o f  t h e  thermo-emf o f  t h e  thermometer 

a r e  t a k e n  wi th  t h e  a i d  o f  t h e  p o t e n t i o m e t e r .  Once a s t a b l e  h e a t  f low h a s  

become e s t a b l i s h e d  i n  t h e  sample ,  which c o r r e s p o n d s  t o  c o n s t a n t  s u c c e s s i v e  

p o t e n t i o m e t e r  r e a d i n g s  t aken  o v e r  30 o r  more minu tes  ( w i t h  a n  a c c u r a c y  o f  0.05 

m i l l i v o l t s ) ,  t h e  r e a d i n g s  o f  t h e  thermocouples  which a r e  i n t a l l e d  on t h e  sample  

s u r f a c e s  a r e  t aken .  The d a t a  a r e  r e c o r d e d  a s  shown i n  T a b l e  17.  I n  o r d e r  t o  

v e r i f y  t h e  r e s u l t s  i t  is recommended t h a t  t h e  exper iment  b e  r e p e a t e d  w i t h  t h e  

h e a t e r  b e i n g  l o c a t e d  a t  t h e  o p p o s i t e  s i d e  o f  t h e  sample.  

3.50. When t h e  measurements a r e  completed t h e  s o i l  sample is weighed w i t h  

an a c c u r a c y  o f  - + 0.01 kg ,  and a t  l e a s t  t h r e e  samples  o f  i t  a r e  t a k e n  i n  o r d e r  

t o  d e t e r m i n e  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  i n  accordance  w i t h  S t a t e  S tandard  

5179-64. The s p e c i f i c  we igh t  o f  t h e  s o i l  sample  is de te rmined  by d i v i d i n g  its 

weigh t  by i t s  volume, which is e s t a b l i s h e d  by measur ing it. 

PROCESSING OF THE RESULTS A N D  DETERMINATION OF THE THERMAL CONDUCTIVITY 

3.51. Using t h e  d a t a  o b t a i n e d  i n  t h e  exper iment  t h e  c o e f f i c i e n t  of  

the rmal  c o n d u c t i v i t y  o f  t h e  sample  is c a l c u l a t e d  by means o f  t h e  formula:  

kca l /m hour degree, ( 3 9 )  

where h - is t h e  t h i c k n e s s  o f  t h e  sample ,  i n  m ;  

0 
1 

- is t h e  s t a b i l i z e d  t e m p e r a t u r e  o f  t h e  s u r f a c e  o f  t h e  sample on 
0 

t h e  h e a t e r  s i d e ,  i n  C;  

0 
2 

- is t h e  s t a b i l i z e d  t e m p e r a t u r e  o f  t h e  s u r f a c e  o f  t h e  sample on 
0 

t h e  r e f r i g e r a t o r  s i d e ,  i n  C ;  

9 - is t h e  amount o f  h e a t  which c r o s s e s  a u n i t  o f  s u r f a c e  a r e a  o f  

t h e  sample per u n i t  o f  time once t h e  h e a t  f low h a s  s t a b i l i z e d ,  
2 

i n  kcal /m hour .  



T a b l e  17.  Data on t h e  d e t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  

o f  s o i l  by t h e  s t e a d y  s t a t e  method 

a- i n i t i a l  d a t a ;  b- No.; c-  L a b o r a t o r y  No.; d- Survey  h o l e  number; e- Depth a t  

which t h e  sample  was t a k e n ,  i n  m; f-  S o i l  t y p e ,  by name; g- Sample s i z e ,  i n  cm; 

h- Cryogen ic  s t r u c t u r e  o f  t h e  sample ;  i- Weight o f  t h e  s a m p l e ,  i n  k g ;  j- 

O r i e n t a t i o n  o f  ice i n c l u s i o n s  i n  t h e  sample  w i t h  r e s p e c t  t o  t h e  p l a n e  o f  t h e  

thermometer ;  k- Conver s ion  r a t i o  o f  t h e  the rmomete r ;  1- No. o f  sample  f o r  

m o i s t u r e  c o n t e n t  d e t e r m i n a t i o n ;  m- Remarks; n- Data from o b s e r v a t i o n s ;  o- Time, 

i n  h o u r s ;  p- P o t e n t i o m e t e r  r e a d i n g s ,  i n  m i l l i v o l t s ;  q- Thermocouple r e a d i n g s  ; 

r- h e a t e r ;  s- r e f r i g e r a t o r ;  t- S t a b i l i z e d  h e a t  f low q ,  i n  kca l /mz h o u r ;  u- 

C o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  sample  A, i n  k c a l /  rn hour  d e g r e e  
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The amount o f  h e a t  q i s  d e t e r m i n e d  - u s i n g  t h e  fo rmula  

2 
q = V E  k c a l l m  h o u r ,  ( 4 0 )  

where  E - is t h e  e l e c t r o m o t i v e  f o r c e  o f  t h e  the rmocoup les  i n  t h e  

thermometer ,  i n  m i l l i v o l t s ,  as measured  w i t h  t h e  a i d  o f  a 

p o t e n t i o m e t e r ;  
2 

v - is  t h e  thermometer  c o n s t a n t ,  i n  kca l /m hour  mV. 

3.52. The c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  is  c a l c u l a t e d  w i t h  a n  

a c c u r a c y  o f  0.01 kcal /m hour  d e g r e e .  The a v e r a g e  e x p e r i m e n t a l  t e m p e r a t u r e  o f  

t h e  sample  is t a k e n  t o  be  t h e  mean a r i t h m e t i c  v a l u e  o f  t h e  s t a b i l i z e d  

t e m p e r a t u r e s  a t  t h e  s u r f a c e  o f  t h e  sample ,  measured  w i t h  a n  a c c u r a c y  o f  - + 

O.lOc. A t  l e a s t  two samples  o f  t h e  same t y p e  a r e  t e s t e d  f o r  each  s o i l  

m o n o l i t h  ( o r  c o r e  sample ) .  

THE DETERMINATION OF THE COEFFICIENT OF THERMAL 

CONDUCTIVITY OF UNFROZEN A N D  THAWED SOILS 

3.53. There  s h o u l d  be  no  r e d i s t r i b u t i o n  o f  m o i s t u r e  i n  an  u n f r o z e n  sample  

o f  s o i l  which is  b e i n g  t e s t e d  i n  o r d e r  t o  d e t e r m i n e  t h e  c o e f f i c i e n t  o f  t h e r m a l  

c o n d u c t i v i t y .  T h i s  is made p o s s i b l e  by  s u b j e c t i n g  t h e  samples  t o  s h o r t - t e r m  

t h e r m a l  a c t i o n  d u r i n g  t e s t i n g  u s i n g  t h e  t h e r m a l  p u l s e  method. 

3.54. The v a r i a n t  o f  t h e  t h e r m a l  p u l s e  method which is  recommended f o r  

t e s t i n g  s o i l  i n  t h e  l a b o r a t o r y  is b a s e d  on h e a t i n g  t h e  s a m p l e s  w i t h  t h e  a i d  o f  

f l a t  e l e c t r i c  h e a t e r s  f o r  a s p e c i f i e d  p e r i o d  o f  time. 

The e x p e r i m e n t  measures  t h e  ra te  o f  change  o f  t h e  t e m p e r a t u r e  o f  t h e  

sample  a t  t h e  c o n t a c t  s u r f a c e  w i t h  t h e  f l a t  h e a t e r  and a t  a f i x e d  d i s t a n c e  away 

from i t .  The method is  used f o r  t h e  comprehens ive  d e t e r m i n a t i o n  o f  t h e  t h e r m a l  

c h a r a c t e r i s t i c s  o f  m o i s t  u n f r o z e n  and thawed s o i l s  a t  p o s i t i v e  t e m p e r a t u r e s  o f  

0  t o  30 -40 '~  u s i n g  two i d e n t i c a l  s amples  h a v i n g  d imens ions  o f  2 0 x 2 0 ~ 1 0  cm, 

which may c o n t a i n  i n c l u s i o n s  n o t  l a r g e r  t h a n  20 mm. 

Note: When t h e  a c c u r a c y  o f  t h e  measurements  d o e s  n o t  need t o  be g r e a t e r  

t h a n  - + 10-20% t h i s  method may be u s e d  f o r  d e t e r m i n i n g  t h e  t h e r m a l  p r o p e r t i e s  o f  
0 

f r o z e n  s o i l s  h a v i n g  a n  i n i t i a l  n e g a t i v e  sample  t e m p e r a t u r e  o f  as low as -20 C.  



APPARATUS 

3.55. The s e t u p  f o r  d e t e r m i n i n g  t h e  t h e r m a l  c o n d u c t i v i t y  o f  s o i l  u s i n g  

t h e  t h e r m a l  p u l s e  method is p i c t u r e d  i n  F i g u r e  9.  

F i g u r e  9. Schemat i c  d i a g r a m  o f  t h e  a p p a r a t u s  f o r  
(4. 

p. . ,s j 
d e t e r m i n i n g  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  s o i l  

- 7 k T I  u s i n g  t h e  t h e r m a l  p u l s e  method 
4 1 1  

I i / {  J 
1- s u p p o r t ;  2- s o i l  s ample ;  3- f l a t  e l e c t r i c  h e a t e r ;  4-  

7 1 - f  

t h e r m a l l y  i n s u l a t e d  h o u s i n g ;  5- d e v i c e  f o r  a p p l y i n g  

p r e s s u r e ;  T ,  T' - t h e r m o c o u p l e s  

The a p p a r a t u s  c o n s i s t s  o f  a s u p p o r t ,  a f l a t  e l e c t r i c  h e a t e r ,  which is 

p l a c e d  be tween t h e  two h a l v e s  o f  t h e  s a m p l e ,  a t h e r m a l l y  i n s u l a t e d  h o u s i n g ,  and  

a l e v e r  d e v i c e  f o r  a p p l y i n g  p r e s s u r e .  The w o r k i n g  j u n c t i o n s  o f  t h e  

t h e r m o c o u p l e s  T  and T 1  are p l a c e d  a t  t h e  s u r f a c e  o f  t h e  h e a t e r  and  a t  s t r i c t l y  

f i x e d  d i s t a n c e s  from i t .  The h e a t e r  is i n  t h e  s h a p e  o f  a c i r c l e  w i t h  a 

d i a m e t e r  o f  20 cm o r  a s q u a r e  w i t h  s i d e s  o f  t h i s  l e n g t h ,  and  is made w i t h  

c o n s t a n t a n  o r  manganin wire. 

The i n t r i n s i c  h e a t  c a p a c i t y  o f  t h e  h e a t e r  s h o u l d  n o t  exceed  0.05 

kca l / cm2  d e g r e e .  

3.56.  The s e t u p  i n c l u d e s  t h e  f o l l o w i n g  i t e m s :  a n  RNO-250-2 l a b o r a t o r y  

a u t o t r a n s f o r m e r ,  a v o l t a g e  r e g u l a t o r ,  a ga lvanomete r  s e n s i t i v e  t o  c u r r e n t  n o t  

below m i l l i a m p e r e s  p e r  d i v i s i o n ,  and  MGP the rmocoup le  s w i t c h ,  a  5  amp a c  

ammeter ,  a m u l t i r a n g e  v o l t m e t e r ,  a s t o p w a t c h ,  a  1.5-2 l i t e r  Dewar f l a s k ,  and  a 

c o u n t e r - b a l a n c e .  

PREPARATION OF SAMPLES 

3.57. Two i d e n t i c a l  s a m p l e s  are c u t  f o r  t e s t i n g ,  from a m o n o l i t h  (or  core 

s a m p l e ) ,  i n  such  a way as t o  have  t h e  same i n - p l a n  s h a p e  and  s i z e  a s  t h e  h e a t e r .  

Each h a l f  o f  t h e  sample  must  b e  a t  l e a s t  1 0  cm i n  h e i g h t .  The t o p  and  

bot tom f a c e s  o f  t h e  sample  must b e  f l a t  i n  o r d e r  t o  e n s u r e  a  c l o s e  fit w i t h  t h e  

h e a t e r .  

3.58. Samples o f  thawed s o i l  a r e  p r e p a r e d  o u t  o f  m o n o l i t h s  ( o r  c o r e  

s a m p l e s )  o f  f r o z e n  s o i l  which a r e  thawed i n  r i g i d  forms o f  t h e  same s h a p e  as 

t h e  sample  d e s c r i b e d  above .  The sample  is  thawed unde r  a s p e c i f i e d  l o a d ,  t h e  

m o i s t u r e  b e i n g  a l lowed  t o  f r e e l y  s q u e e z e d  o u t .  



EXPERIMENTAL PROCEDURE 

3.59. Samples which have  been p r e p a r e d  f o r  t e s t i n g  are p l a c e d  i n t o  t h e  

measur ing  a p p a r a t u s .  The h e a t e r  i s  i n s t a l l e d  between t h e  samples .  A work ing  

j u n c t i o n  o f  a d i f f e r e n t i a l  t he rmocoup le  T is p l a c e d  on t h e  c e n t r a l  p o r t i o n  o f  
3 

t h e  h e a t e r  s u r f a c e ,  w h i l e  a n o t h e r  j u n c t i o n  TJ is i n s e r t e d  i n t o  t h e  s o i l  s ample  

a t  a d i s t a n c e  o f  2-3 c m  from t h e  h e a t e r .  The d i s t a n c e  between t h e  h e a t e r  and  

t h e  the rmocoup le  T i  is measured w i t h  a n  a c c u r a c y  o f  1-2 mm. The c o l d  j u n c t i o n s  

o f  t h e  d i f f e r e n t i a l  t he rmocoup les ,  i . e .  t h e  r e f e r e n c e  j u n c t i o n s ,  are p l a c e d  

i n t o  a Dewar f l a s k  which is  f i l l e d  w i t h  m e l t i n g  ice.  The l e a d s  from t h e  

the rmocoup les  a r e  c o n n e c t e d ,  by way o f  a n  MGP s w i t c h ,  t o  t h e  t e r m i n a l s  o f  a 

ga lvanomete r .  Wi th in  t h e  s o i l  s ample  i t s e l f  t h e  the rmocoup les  a r e  a r r a n g e d  

p a r a l l e l  t o  t h e  p l a n e  o f  t h e  h e a t e r .  

3.60. The a s sembled  measur ing  a p p a r a t u s  is e n c l o s e d  by t h e  h o u s i n g  and  

k e p t  a t  a c o n s t a n t  t e m p e r a t u r e  u n t i l  t h e  t e m p e r a t u r e  o f  t h e  sample  i s  

c o m p l e t e l y  un i fo rm,  which is v e r i f i e d  by e q u a l  r e a d i n g s  from t h e  the rmocoup les  
0 

which a r e  i n  t h e  sample  T and  T I  ( w i t h  an  a c c u r a c y  o f  + 0 . 1  C). 
3 3 

- 

3.61. I n  o r d e r  t o  d e t e r m i n e  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  

t h e  sample ,  t h e  elect r ic  h e a t e r  is  s w i t c h e d  on a n d ,  f o r  8-10 m i n u t e s ,  a r e c o r d  

is k e p t  o f  t h e  change i n  t h e  t e m p e r a t u r e  o f  t h e  sample  o v e r  time as i n d i c a t e d  

by t h e  r e a d i n g s  o f  t h e  the rmocoup le  T" t h e  h e a t e r  is t h e n  s w i t c h e d  o f f  a n d  a 
3 * 

r e c o r d  is  k e p t  o f  t h e  change i n  t h e  t e m p e r a t u r e  as i n d i c a t e d  by t h e  

the rmocoup le  T . The r e a d i n g s  a r e  t a k e n  a t  2-3 m i n u t e  i n t e r v a l s  from t h e  
3 

moment t h a t  t h e  h e a t e r  is s w i t c h e d  on. I n  o r d e r  t o  c o n t r o l  t h e  r e s u l t s  o f  t h e  

e x p e r i m e n t ,  a r e c o r d  is a l s o  made o f  t h e  o n s e t  a n d  v a l u e  o f  t h e  maximum 

t e m p e r a t u r e  a c c o r d i n g  t o  t h e  the rmocoup le  T' . The e x p e r i m e n t a l  d a t a  are 
3 

r e c o r d e d  a s  shown i n  T a b l e  18 .  



Table  1 8  Data on t h e  d e t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t  o f  the rmal  c o n d u c t i v i t y  

by t h e  the rmal  p u l s e  method 

a-  i n i t i a l  d a t a ;  b- No.; c- Labora to ry  No.; d- Survey h o l e  No.; e- Depth a t  

which sample was t a k e n ,  i n  m ;  f -  S o i l  t y p e ,  by name; g- Sample d imens ions ,  i n  

cm; h- Sample w e i g h t ,  i n  g; i- Heater  a r e a ,  i n  cm2; j- E l e c t r i c a l  r e s i s t a n c e  

o f  h e a t e r ,  i n  ohms; k- Dis tance  from h e a t e r  t o  thermometer T ' ;  1- I n i t i a l  
0 

3 

t e m p e r a t u r e  o f  sample ,  i n  C; m- Conversion r a t i o  o f  thermocouples ;  n- No. o f  

samples f o r  d e t e r m i n a t i o n  o f  m o i s t u r e  c o n t e n t ;  o- Remarks; p- Data from 

o b s e r v a t i o n s ;  q- Voltage o f  h e a t e r ;  r- Dura t ion  o f  t h e r m a l  p u l s e ,  i n  minu tes ;  

s- Thermocouple o b s e r v a t i o n s  T  . t- t i m e ,  i n  minu tes ;  u- galvanometer  r e a d i n g  
3 ' 

0 
i n  s c a l e  d i v i s i o n s ;  v- t empera tu re  8 ,  i n  C ;  w- Thermocouple o b s e r v a t i o n s  T ' .  

3' 

x- t i m e ,  i n  minu tes ;  y- galvanometer r e a d i n g s ,  i n  s c a l e  d i v i s i o n s ;  z- 

0 
t empera tu re  O f ,  i n  C;  aa- Maximum tempera tu re  a c c o r d i n g  t o  thermometer T ' .  

3 ' 
bb- C o e f f i c i e n t  o f  the rmal  c o n d u c t i v i t y ,  i n  kca l /m hour deg ,  a c c o r d i n g  t o  t h e ;  

cc- main d e t e r m i n a t i o n ;  dd- c o n t r o l  d e t e r m i n a t i o n  
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3.62. The v o l t a g e  t h r o u g h  t h e  h e a t e r  must be c o n s t a n t  d u r i n g  t h e  c o u r s e  

o f  t h e  e x p e r i m e n t ,  w i t h  f l u c t u a t i o n s  n o t  e x c e e d i n g  0.5%. The t h e r m a l  p u l s e  

s h o u l d  n o t  l a s t  l o n g e r  t h a n  10-12 m i n u t e s .  The v o l t a g e  t o  t h e  h e a t e r  is  

e s t a b l i s h e d  on t h e  b a s i s  o f  t h e  e l e c t r i c a l  r e s i s t a n c e  and  t h e  d imens ions  of  t h e  

h e a t e r  i n  a c c o r d a n c e  w i t h  t h e  fo rmula  

where R - is t h e  e l e c t r i c a l  r e s i t a n c e  o f  t h e  h e a t e r ,  i n  ohms; 
3 

F - is t h e  a r e a  o f  t h e  h e a t e r  which is i n  c o n t a c t  w i t h  o n e  o f  t h e  
2 

s a m p l e s ,  i n  cm . 
3.63. Upon t h e  c o n c l u s i o n  o f  t h e  e x p e r i m e n t  t h e  s o i l  s ample  is weighed 

w i t h  a n  a c c u r a c y  of  - + 0 . 0 1  k g ,  a f t e r  which a t  leas t  t h r e e  s a m p l e s  are t a k e n  i n  

o r d e r  t o  d e t e r m i n e  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  i n  a c c o r d a n c e  w i t h  S t a t e  

S t a n d a r d  5179-64. The s p e c i f i c  w e i g h t  o f  t h e  sample  is d e t e r m i n e d  by d i v i d i n g  

its w e i g h t  by its volume, which is d e t e r m i n e d  by m e a s u r i n g  t h e  d i m e n s i o n s  of  

t h e  sample .  

PROCESSING THE EXPERIMENTAL RESULTS AND DETERMINING 

THE COEFFICIENT OF THERMAL CONDUCTIVITY 

3.64.  Using t h e  e x p e r i m e n t a l  d a t a ,  t h e  c o e f f i c i e n t  o f  t h e r m a l  

c o n d u c t i v i t y  o f  t h e  s o i l  sample  is d e t e r m i n e d  u s i n g  t h e  f o r m u l a  

A, = ' bcal/m hour degree, ( 4 2 )  
6 F (0 - 0,) 

where Q 
2 

= 0.86U I R ~  - which is t h e  h e a t i n g  c a p a c i t y  o f  t h e  h e a t e r ,  i n  
3 

k c a l / h o u r  ; 

F - is t h e  area o f  t h e  h e a t e r  i n  c o n t a c t  w i t h  one  sample ,  i n  n2;  

a- 
1 - which is t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  s o i l  

4 t ' y  2 
sample ,  i n  m / h o u r ;  

1 - i s  t h e  d i s t a n c e  from t h e  h e a t e r  t o  t h e  the rmocoup le  T' i n  m ;  
3 ' 

8 - is t h e  t e m p e r a t u r e  o f  t h e  sample  a t  t i m e  t ( i n  h o u r s ) ,  as 
0 

measured w i t h  t h e  thermometer  T  i n  C ;  
3 ' 



t - is t h e  l e n g t h  o f  t ime t h a t  t h e  h e a t e r  is i n  o p e r a t i o n ,  i n  h o u r s ;  
0 

t1  - is t h e  l e n g t h  o f  t i m e  up t o  t h e  moment a t  which t h e  t e m p e r a t u r e  

is measured wi th  t h e  thermometer T' i n  h o u r s ;  
3 ' 

- is a n  independent  v a r i a b l e ,  determined i n  accordance  w i t h  t h e  

v a l u e  o f  t h e  f u n c t i o n  B(y)  ( s e e  T a b l e  1 9 ) .  

3.65. The v a l u e  o f  t h e  f u n c t i o n  B(y)  is  determined u s i n g  t h e  formula  

0 
where 0 - is t h e  i n i t i a l  t empera tu re  o f  t h e  sample ,  i n  C ;  

0 

0 " - is t h e  t empera tu re  o f  t h e  sample a t  t ime  t ,  as measured w i t h  t h e  
0 

a i d  o f  t h e  thermocouple Tk i n  C .  

The remaining d e s i g n a t i o n s  are t h e  same a s  i n  formula ( 4 2 ) .  

3.66. A c o n t r o l  d e t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  

o f  t h e  sample  is made u s i n g  t h e  formula 

I- - * Q ~ ~ T  [ I. fmax R(YI )- m ~ ( y ~ ) ]  A = kcal/m hour deg (44) 

PG F (Omax - 0") 

where 0 - is t h e  maximum t e m p e r a t u r e  a t  t h e  s i t e  o f  t h e  thermocouple 
max 

~ j ,  i n  OC; 

- is  t h e  l e n g t h  o f  t i m e  up t o  t h e  moment t h a t  t h e  maximum 
tmax 

tempera tu re  was a t t a i n e d  a c c o r d i n g  t o  t h e  thermocouple Tk, 

c a l c u l a t e d  from t h e  moment t h e  h e a t e r  was swi tched  o n ,  i n  h o u r s ;  

B(yl)  and B(y2) - is t h e  v a l u e  o f  t h e  f u n c t i o n  ~ ( y )  f o r  t h e  v a l u e s  o f  i ts  

independent  v a r i a b l e ,  a s  determined u s i n g  t h e  formulas  



T a b l e  19 .  T a b l e  o f  v a l u e s  o f  t h e  f u n c t i o n  ~ ( y )  

3.67. The v a l u e  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  s o i l  

sample  b e i n g  s t u d i e d  is t a k e n  t o  be t h e  a r i t h m e t i c  a v e r a g e  o f  t h e  r e s u l t s  o f  

t h e  main and c o n t r o l  d e t e r m i n a t i o n s ,  c a l c u l a t e d  w i t h  a n  a c c u r a c y  o f  - + 0.01 

kca l /m h o u r  deg. I n  t h e  e v e n t  t h a t  t h e  v a l u e s  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  

c o n d u c t i v i t y  which a r e  o b t a i n e d  by t h e  main and c o n t r o l  d e t e r m i n a t i o n s  d i f f e r  

by more t h a n  59, t h e  e x p e r i m e n t  is r e p e a t e d .  

3.68. The r e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  

c o n d u c t i v i t y  o f  t h e  s o i l  are  r e c o r d e d  as shown i n  T a b l e  16 .  Under t h e  h e a d i n g  

"Tempera ture  c o n d i t i o n s  o f  t h e  expe r imen t"  a r e c o r d  js made o f  t h e  i n i t i a l  

t e m p e r a t u r e  o f  t h e  sample  and o f  t h e  maximum t e m p e r a t u r e  of  t h e  h e a t e r ,  i n  
0 

C.  The a v e r a g e  t e s t i n g  t e m p e r a t u r e  o f  t h e  sample  is t a k e n  t o  b e  t h e  

a r i t h m e t i c  a v e r a g e  o f  t h e s e  t e m p e r a t u r e s .  



SAMPLE CALCULATION 

3.69. The v a l u e  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  is t a k e n  t o  be 

t h e  a v e r a g e  o f  t h e  main and c o n t r o l  d e t e r m i n a t i o n s .  

I n i t i a l  d a t a :  a  s o i l  sample (medium loam) ,  h a v i n g  a  m o i s t u r e  c o n t e n t  o f  
0 

W=25%, dimensions  o f  2 0 x 2 0 ~ 2 0  cm, and a n  i n i t i a l  t e m p e r a t u r e  o f  8 ~ 2 1 . 8 8  C. 
0 

A measur ing a p p a r a t u s  hav ing  t h e  f o l l o w i n g  parameters :  a  h e a t e r  a r e a  o f  F= 
2  

0.043 m , hav ing  an e l e c t r i c a l  r e s i s t a n c e  o f  R 5 6 . 2  ohms, a  h e a t e r  v o l t a g e  
3 

o f  U=90 V ,  and a  heater-on t ime o r  the rmal  p u l s e  d u r a t i o n  o f  t ~ 0 . 1 8  hours .  
0 

The d i s t a n c e  from t h e  thermocouple T; t o  t h e  h e a t e r  1=0.02 m ,  and t h e  

convers ion  r a t i o  o f  t h e  thermocouples  is  v=0.51 d e g r e e s  per d i v i s i o n  o f  t h e  

s c a l e .  

Data o b t a i n e d  d u r i n g  t h e  c o u r s e  o f  t h e  exper iment  a r e  p r e s e n t e d  i n  Tab le  

Tab le  19a.  

a-  O b s e r v a t i o n s ;  b- Time, i n  h o u r s ;  c- Galvanometer r e a d i n g s ,  i n  s c a l e  
0 

d i v i s i o n s ;  d- Temperature ,  i n  C; e- A s  per  thermometer T;; f -  A s  per  
0 

thermometer T ; g- Note. tmax=0.26 h o u r s ;  emax=31.31 C. 
3 

b- Bpe~!4  B U 
~ O K I ~ ~ H H R  r E n b B d d O M  
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C a l c u l a t i o n s :  t h e  h e a t i n g  c a p a c i t y  o f  t h e  h e a t e r  is c a l c u l t e d  u s i n g  t h e  

formula  

The f u n c t i o n  B(y) , which i s  determined from t h e  t empera tu re  8 and 0, a s  

measured by thermometers T1 and T3 a t  random t i m e s  t and t ( t l  < to < t )  , f o r  
3 

example 0  ' ~ 2 6 . 8 8 ~ ~  a t  t 1 = 0 . 1 4  h o u r s  and 0  =38.71°c a t  t=0.24 h o u r s ,  is  

c a l c u l a t e d  u s i n g  formula (43) :  

The independent  v a r i a b l e  y ,  which is o b t a i n e d  from Table  19 i n  accordance  

wi th  t h e  v a l u e  o f  t h e  f u n c t i o n  B ( y ) ,  is i n  t h i s  c a s e  e q u a l  t o  ~ ~ 0 . 5 3 8 .  

The c o e f f i c i e n t  o f  the rmal  c o n d u c t i v i t y  o f  t h e  sample  is 

The c a l c u l a t i o n  o f  t h e  c o e f f i c i e n t  o f  the rmal  c o n d u c t i v i t y  o f  t h e  sample  

a c c o r d i n g  t o  formula ( 4 2 )  i s  

= 0,862 kcal/m hour degree. 

3.70. C o n t r o l  d e t e r m i n a t i o n  : t h e  v a l u e s  o f  t h e  independent  v a r i a b l e s  y  
1 

and y  of t h e  f u n c t i o n  B(y)  a r e  c a l c u l a t e d  u s i n g  formulas  ( 4 5 )  and ( 4 6 )  
2  

a c c o r d i n g  t o  t h e  t ime o f  t h e  o n s e t  o f  t h e  maximum tempera tu re  a t  t h e  l o c a t i o n  

o f  t h e  thermometer T' and t h e  d u r a t i o n  o f  t h e  the rmal  p u l s e  ( t  =0.26 hours  
3 ma x 

and t =0.18 h o u r s ) :  
0 



The v a l u e s  o f  t h e  f u n c t i o n s  B(y  ) and B(y ) are  found u s i n g  t h e  v a l u e s  
1 2 

o f  t h e  v a r i a b l e s  y  and y2. I n  t h i s  case B(yl )=0.344,  and B(y2)=0.113 
1 

( T a b l e  19 1. 

The c a l c u l a t e d  v a l u e  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  
0 

s o i l  sample  when emax=31.31 C ,  a c c o r d i n g  t o  fo rmula  ( 4 4 ) ,  is: 

The a v e r a g e  v a l u e  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  s o i l  

as  de te rmined  from t h e  main and c o n t r o l  d e t e r m i n a t i o n s  is e q u a l  t o  

2 " + Y  0p862 OyBPB = 0,880 kcal/rn degree. 

2 

THE DETERMINATION OF THE THERMAL CONDUCTIVITY 

OF SOIL WHEN USING A SMALL SAMPLE 

3.71. The t h e r m a l  c o n d u c t i v i t y  o f  s o i l ,  as c a l c u l a t e d  u s i n g  small s a m p l e s  

( from c o r e  s a m p l e s ,  f o r  example ) ,  is  de te rmined  u s i n g  a  s i m p l i f i e d  method which 

is  based  on t h e  p r i n c i p l e  o f  a r e g u l a r  t h e r m a l  regime.  T h i s  method c a n  b e  u s e d  

t o  s t u d y  m o i s t  u n f r o z e n  s o i l s ,  h a v i n g  a sandy-c layey  compos i t ion  and i n c l u s i o n s  

up  t o  5 mm i n  s i z e ,  a s  well as f r o z e n  s o i l  o f  t h e  same c o m p o s i t i o n ,  w i t h  

mass ive  o r  t h i n l y  l a y e r e d  s t r u c t u r e  and ice i n c l u s i o n s  s m a l l e r  t h a n  2  mm a t  a 

t e m p e r a t u r e  n o t  g r e a t e r  t h a n  -10 '~ .  An i n t e g r a l  p a r t  o f  t h e  t e s t i n g  o f  a  

s o i l  sample  i n  o r d e r  t o  d e t e r m i n e  i ts c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  b y  

t h i s  method is t h e  i n d e p e n d e n t  c a l o r i m e t r i c  d e t e r m i n a t i o n  o f  its h e a t  c a p a c i t y .  

APPARATUS 

3.72. The a p p a r a t u s  f o r  d e t e r m i n i n g  t h e  c o e f f i c i e n t  o f  t h e r m a l  

c o n d u c t i v i t y  o f  s o i l  by t h e  r e g u l a r  t h e r m a l  r eg ime  method is  b a s e d  on t h e  f r e e  

c o o l i n g  o r  h e a t i n g  o f  t h e  sample  i n  a c o n s t a n t  t e m p e r a t u r e  medium. Dur ing  t h e  

expe r imen t  t h e  change i n  t e m p e r a t u r e  o v e r  time is  obse rved .  A s c h e m a t i c  

d iagram o f  t h e  a p p a r a t u s  is  shown i n  F i g u r e  1 0 .  



I 

Figure 10. Schematic diagram of apparatus for  determining 

the coef f ic ien t  of thermal conductivity of s o i l s  by the 

regular temperature regime method 

1- a-calorimeter ; 2- s o i l  sample; 3- d i f f e r e n t i a l  

thermocouple; 4- vacuum-insulated container;  5- coolant;  6- 

heat receiving tank; 7- non-freezing l iqu id ;  8- l i d ;  9- 

s t i r r e r ;  10- laboratory mercury thermometer 

3.73. The apparatus cons i s t s  of an "a-calorimeterN, i n to  which the sample 

of s o i l  t o  be tes ted is  placed, a vacuum-insulated container,  which i s  f i l l e d  

w i t h  a coolant, a  brass or copper tank containing a non-freezing l i qu id ,  a l i d  

made out of a thermally insula t ing mater ia l ,  and a s t i r r e r  with a mechanical o r  

e l e c t r i c  drive.  

The lla-calorimeterll is a brass cylinder 4-6 cm in  diameter and 6-8 cm 

high, w i t h  two hermetically closing covers. A brass tube is  soldered t o  the  

upper cover in ~ r d e r  t o  i n se r t  , the working junction of a d i f f e r e n t i a l  

thermocouple i n to  the sample. 

3.74. The apparatus a l so  includes the following items: a galvanometer 

having a s ens i t i v i t y  of not l e s s  than amp/scale divis ion;  mercury 

laboratory thermometers with sca le  divis ions  of 0.1' in the temperature range 

from 0 t o  +30°c and from 0 to  -30'~; an ultrathermostat  or  c ryos ta t ;  a  

stopwatch; a counter-balance. 

PREPARATION OF SAMPLES 

3.75. The t e s t i ng  of s o i l  samples by the regular thermal regime method i s  

carr ied out in  an "a-calorimeter". The sample dimensions a r e  determined by the 

main dimensions of the  a-calorimeter. 

3.76. The s o i l  sample is  prepared e i t he r  from a core sample, or  it is cut  

from a monolith. The preparation includes f i t t i n g  the  sample c losely  t o  the  

walls and covers of the  lla-calorimeterll. Borehole samples a r e  taken from the 

level  of the cleared bottom w i t h  the a id  of a d r i l l i n g  or driven core sampler, 

which ensures the preservation of the natural  s t ruc ture  of the  s o i l .  Special  

samplers a r e  used for obtaining cores of frozen s o i l .  



S p e c i a l  measures a r e  t a k e n  t o  p r e s e r v e  t h e  f r o z e n  s t a t e  o f  samples  o f  

f r o z e n  s o i l  d u r i n g  t h e i r  sampl ing ,  t r a n s p o r t ,  and p r o c e s s i n g .  

3.77. When t e s t i n g  s o i l  whose s t r u c t u r e  h a s  been d i s t u r b e d ,  a sample  is  

p r e p a r e d  o u t  o f  s o i l  which h a s  been un i fo rmly  mois tened  and compacted under  a  

g i v e n  l o a d  u n t i l  s e t t l e m e n t  is s t a b i l i z e d  a t  a n  a r b i t r a r y  l e v e l .  The samples  

may be  compacted w i t h i n  t h e  "a -ca lo r imete r"  i t s e l f  w i t h  t h e  a i d  o f  a  

hand-operated p r e s s .  I n  o r d e r  t o  a v o i d  t h e  d e f o r m a t i o n  o f  t h e  c a l o r i m e t e r ,  i t  

is p l a c e d  i n t o  a th ick-wal led  h o l d e r .  

3.78. I n  o r d e r  t o  measure t h e  t e m p e r a t u r e  o f  t h e  sample ,  t h e  j u n c t i o n  o f  

a d i f f e r e n t i a l  thermocouple i s  p l a c e d  i n t o  t h e  midd le  o f  it. The j u n c t i o n  must 

b e  i n  c l o s e  c o n t a c t  w i t h  t h e  s o i l  ( i . e .  no a i r  s p a c e ) .  

3.79. The u a - c a l o r i m e t e r u  c o n t a i n i n g  t h e  sample  is h e r m e t i c a l l y  s e a l e d  

w i t h  t h e  c o v e r s .  The c o v e r s  must be i n  c l o s e  c o n t a c t  w i t h  t h e  end s u r f a c e s  o f  

t h e  sample.  Samples p repared  i n  t h i s  manner a r e  k e p t  a t  a  c o n s t a n t  t e m p e r a t u r e  

as f o l l o w s :  

a  1 samples o f  unf rozen  s o i l  - i n  a  b u i l d i n g  a t  room t e m p e r a t u r e  (18-20 
0 

C) f o r  3-4 h o u r s ;  

b )  samples  o f  f r o z e n  s o i l  - i n  a  r e f r i g e r a t i o n  chamber o r  a c r y o s t a t  

a t  a  t e m p e r a t u r e  n o t  h i g h e r  t h a n  - 1 0 ' ~  f o r  6-8 h o u r s  ( n o t  

c o u n t i n g  f r e e z i n g  t i m e ) .  

EXPERIMENTAL PROCEDURE 

3.80. When t e s t i n g  a  sample  o f  f r o z e n  s o i l ,  t h e  vacuum-insula ted  

c o n t a i n e r  o f  t h e  a p p a r a t u s  is f i l l e d  w i t h  a c o o l a n t  o r  c r y o h y d r a t e  m i x t u r e  
0 

h a v i n g  a  m e l t i n g  p o i n t  n o t  h i g h e r  t h a n  -20 C.  The h e a t - r e c e i v i n g  t a n k  is 

f i l l e d  w i t h  a non- f reez ing  l i q u i d  ( a l c o h o l ,  k e r o s e n e )  and i ts  t e m p e r a t u r e  is 
0 

brough t  t o  t h a t  o f  t h e  c o o l a n t  m i x t u r e  ( w i t h  an  a c c u r a c y  o f  - +0.1 C). 

3.81. When t e s t i n g  samples  o f  unf rozen  s o i l  t h e  h e a t - r e c e i v i n g  t a n k  is  

n o t  u s e d ,  t h e  vacuum-insulated c o n t a i n e r  b e i n g  f i l l e d  i n s t e a d  wi th  a  m i x t u r e  o f  

wa te r  and c rushed  i c e .  The a p p a r a t u s ,  wi th  t h e  stirrer i n  o p e r a t i o n ,  is  

monitored u n t i l  t h e  t e m p e r a t u r e  o f  t h e  m i x t u r e  s t a b i l i z e s  a t  O'C. 



3.82. I n  o r d e r  t o  c a r r y  o u t  t h e  measurements ,  t h e  m a - c a l o r i m e t e r l l  is  

l owered  i n t o  t h e  t a n k  o r  vacuum- insu la t ed  c o n t a i n e r  o f  t h e  a p p a r a t u s  and 

o b s e r v a t i o n s  are c a r r i e d  o u t  o f  t h e  change  o v e r  time i n  t h e  d i f f e r e n c e  i n  t h e  

t e m p e r a t u r e  between t h e  sample  and t h e  c o o l i n g  l i q u i d ,  as measured w i t h  t h e  a i d  

o f  a ga lvanomete r  a t t a c h e d  t o  t h e  l e a d s  o f  t h e  d i f f e r e n t i a l  t he rmocoup le .  

Galvanometer  r e a d i n g s  are t a k e n  a t  1 m i n u t e  i n t e r v a l s  d u r i n g  t h e  c o u r s e  o f  8-12 

m i n u t e s .  Dur ing  t h e  c o u r s e  o f  t h e  e x p e r i m e n t ,  t h e  t e m p e r a t u r e  o f  t h e  l i q u i d  is 

m a i n t a i n e d  c o n s t a n t  t o  w i t h i n  0 . 1 ' ~  by means o f  p o w e r f u l  t u r b u l e n t  s t i r r i n g .  

The e x p e r i m e n t a l  d a t a  are r e c o r d e d  as  shown i n  T a b l e  20.  

3.83. Samples o f  a n i s o t r o p i c  s o i l s  w i t h  f i n e l y  l a y e r e d  s t r u c t u r e  are 

s u b j e c t e d  t o  a d d i t i o n a l  t e s t i n g  unde r  a l t e r e d  c o n d i t i o n s  o f  h e a t  exchange ;  t h e  

lower  c o v e r  o f  t h e  lta c a l o r i m e t e r t 1  is removed and  r e p l a c e d  w i t h  a t h i n - w a l l e d  

p l a s t i c  cap .  Between t h e  c a p  and t h e  s u r f a c e  o f  t h e  sample  a n  8-10 mm a i r  

p o c k e t  is l e f t ,  which  p r e c l u d e s  d i r e c t  c o n t a c t  be tween t h e  sample  a n d  t h e  

l i q u i d  and  h e a t  exchange  between them. After h o l d i n g  t h e  sample  a t  a c o n s t a n t  

t e m p e r a t u r e ,  t h e  e x p e r i m e n t  is r e p e a t e d  i n  t h e  s e q u e n c e  i n d i c a t e d  above .  

Note: I t  is a d v i s a b l e  t o  c a r r y  o u t  tests  on a n i s o t r o p i c  s a m p l e s  i n  a n  

n a - c a l o r i m e t e r l t  whose h e i g h t  is a p p r o x i m a t e l y  e q u a l  t o  i ts  d i a m e t e r .  The 

l a y e r i n g  o f  t h e  sample  s h o u l d  be  i n  l i n e  w i t h  its end s u r f a c e s .  

3.84. A l l  e x p e r i m e n t s  are r e p e a t e d  twice. If t h e  d i s c r e p a n c y  be tween two 

measurements  e x c e e d s  5% a c o n t r o l  e x p e r i m e n t  is  c a r r i e d  o u t .  When t h e  

measurements  are comple ted  t h e  m o i s t u r e  c o n t e n t  o f  t h e  t e s t e d  sample  o f  s o i l  is 

d e t e r m i n e d  by  t h e  t h e r m o s t a t i c - w e i g h t  method ( S t a t e  S t a n d a r d  5179-64). 

PROCESSING OF RESULTS AND DETERMINATION OF CHARACTERISTICS 

3.85. Using  t h e  e x p e r i m e n t a l  d a t a ,  a g r a p h  is p l o t t e d  o f  t h e  change  i n  

t h e  d i f f e r e n c e  between t h e  t e m p e r a t u r e  o f  t h e  sample  and  t h a t  o f  t h e  c o o l i n g  
0 

l i q u i d  0  i n  C as a f u n c t i o n  o f  time t. The g r a p h  is p l o t t e d  u s i n g  a 

s e m i - l o g a r i t h m i c  scale. The v a l u e s  o f  l o g  0  are p l o t t e d  a l o n g  t h e  y - a x i s ,  

w h i l e  t h e  time t ,  i n  m i n u t e s ,  is p l o t t e d  a l o n g  t h e  x - a x i s .  Two p o i n t s  are 

chosen  on  t h e  s t r a i g h t  s e c t i o n  o f  t h e  c u r v e  which  c o r r e s p o n d  t o  t h e  p o i n t s  i n  

t i m e  t, a n d  t2, and t h e  t e m p e r a t u r e s  e l  and  g2 are d e t e r m i n e d .  Us ing  
& 

t h e s e  d a t a ,  t h e  r a t e  o f  c o o l i n g  o f  t h e  s o i l  s ample  n is c a l c u l a t e d  w i t h  the  a i d  

o f  t h e  f o r m u l a  
l o g 0  - l o g  O 2  

1 -1 
11 = min . 

t 2 - t l  



T a b l e  20. Data on t h e  d e t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  

by t h e  r e g u l a r  t h e r m a l  r eg ime  method 

a- i n i t i a l  d a t a ;  b- No.; c- L a b o r a t o r y  number; d- Survey  h o l e  number; e- Depth 

a t  which sample  was t a k e n ,  i n  m ;  f-  S o i l  t y p e ,  by name; g- Weight o f  s o i l  

s ample ,  i n  g; h- M o i s t u r e  c o n t e n t  o f  t h e  s o i l ,  i n  I ;  i- Diamete r ;  j- H e i g h t ;  k- 

w a - c a l o r i m e t e r "  d i m e n s i o n s ,  i n  cm; 1- Shape r a t i o  o f  t h e  " a - ~ a l o r i m e t e r ~ ~ ;  m- 
0 

I n i t i a l  t e m p e r a t u r e  o f  t h e  s a m p l e ,  i n  C ;  n- Tempera tu re  o f  t h e  medium, i n  
0 

C ;  o- Convers ion  r a t i o  o f  t h e  the rmocoup le ,  i n  d e g r e e s / s c a l e  d i v i s i o n ;  p- 

Remarks; q- Data from o b s e r v a t i o n s ;  r- No. o f  e x p e r i m e n t ;  s- Time, i n  m i n u t e s ;  

t- Galvanometer  r e a d i n g ,  i n  scale d i v i s i o n s ;  u- D i f f e r e n c e  i n  t e m p e r a t u r e s ,  i n  
0 

C ;  v- l o g  0 ; w- Cool ing  r a t e  o f  sample  q, i n  m i n u t e s ;  x- C o e f f i c i e n t s ;  y- 
2 

t h e r m a l  d i f f u s i v i t y  a ,  i n  m / h o u r ;  z- t h e r m a l  c o n d u c t i v i t y  A, i n  kca l /m hour  

d e g r e e  

( @ o . p ~ a )  

Aannwe onpenenennn n o 3 a ~ i i u n e ~ ~ a  sennonposonnocsn Hesonom perynnpnoro sennosoro pexmma 

a- a )  McxonHue naHnHe 



3.86. The the rmal  d i f f u s i v i t y  o f  a  sample ttal' is c a l c u l a t e d  u s i n g  t h e  

formula  

where k 
@ 

- is  t h e  shape  r a t i o  o f  t h e  n a - c a l o r i m e t e r t t ,  as determined u s i n g  

t h e  formula  

where R and  h  - a r e  t h e  r a d i u s  and h e i g h t  o f  t h e  sample ,  r e s p e c t i v e l y ,  i n  cm. 

3.87. The c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  t e s t e d  s o i l  sample  

is de te rmined  u s i n g  t h e  formula  

X = a c y  kcal /m hour d e g r e e ,  (50)  
06 

where y  3  - is t h e  s p e c i f i c  w e i g h t  o f  t h e  s o i l  sample ,  i n  k g / m ,  
06 

de te rmined  by d r i v i n g  t h e  we igh t  o f  t h e  sample  by its volume; 

c  - is t h e  s p e c i f i c  h e a t  o f  t h e  s o i l  sample ,  i n  k c a l / k g  degree .  

3.88. The s p e c i f i c  h e a t  o f  t h e  s o i l  sample ,  which is used i n  formula  

( 5 0 ) ,  is  de te rmined  e x p e r i m e n t a l l y  under  t e m p e r a t u r e  c o n d i t i o n s  ana logous  t o  

t h o s e  o f  t h e  exper iment  under d i s c u s s i o n .  

3.89. I n  t h e  c a s e  o f  s o i l  samples  h a v i n g  l a y e r e d  s t r u c t u r e ,  t h e  

c o e f f i c i e n t  o f  the rmal  a n i s o t r o p y  is  de te rmined  u s i n g  t h e  formula  

where h =1/ 4 -is t h e  c o e f f i c i e n t  o f  the rmal  a n i s o t r o p y  o f  t h e  s o i l  sample ,  
A, 

e x p r e s s e d  as a  dec imal  f r a c t i o n ;  

- is  t h e  r a t e  o f  c o o l i n g  o f  t h e  sample ,  i n  min-l ,  c a l c u l a t e d  

u s i n g  formula  ( 4 7 )  and t h e  d a t a  from t h e  main exper iment ;  
-1 

q 1  - is t h e  r a t e  o f  c o o l i n g  o f  t h e  sample ,  i n  min , c a l c u l a t e d  

u s i n g  formula  ( 4 7 )  and d a t a  from t h e  r e p e a t  exper iment ;  

XZ and hR - a r e  t h e  t h e r m a l  c o n d u c t i v i t y  v a l u e s  o f  t h e  s o i l  sample a l o n g  

its a x i s ,  and normal t o  i t ,  r e s p e c t i v e l y .  

Note: The a b s o l u t e  v a l u e  o f  t h e  t h e r m a l  c o n d u c t i v i t i e s  h R  and h Z  a r e  

n o t  de te rmined  by t h i s  method. A s  an approx imat ion  and z= & where 
E 

X i s  t h e  c o e f f i c i e n t  o f  the rmal  c o n d u c t i v i t y  o f  t h e  s o i l  sample ,  a s  c a l c u l a t e d  

u s i n g  t h e  d a t a  from t h e  main exper iment .  



3.90. The s o i l  t e s t  r e s u l t s  a r e  p r e s e n t e d  as shown i n  T a b l e  20. The 

c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  t e s t e d  s o i l  sample  is  t a k e n  t o  be  

t h e  a v e r a g e  a r i t h m e t i c  v a l u e  o f  two o r  t h r e e  d e t e r m i n a t i o n s ,  c a l c u l a t e d  w i t h  a n  

a c c u r a c y  o f  - + 0 .01  kcal /m hour  deg.  The a v e r a g e  e x p e r i m e t a l  t e m p e r a t u r e  o f  t h e  

sample  is t a k e n  t o  be t h e  a r i t h m e t i c  a v e r a g e  o f  t h e  i n i t i a l  and f i n a l  

t e m p e r a t u r e s .  A d d i t i o n a l  i n f o r m a t i o n  i n c l u d e s  t h e  v a l u e s  o f  t h e  c o e f f i c i e n t  o f  
2  

t h e r m a l  c o n d u c t i v i t y  i n  m /hour  and t h e  s p e c i f i c  h e a t  o f  t h e  s o i l  sample ,  and 

t h e  method by which it  was o b t a i n e d  ( c o m p u t a t i o n a l ,  e x p e r i m e n t a l ) .  

SAMPLE CALCULATION 

3.91. T e s t s  were c a r r i e d  o u t  on a sample o f  f r o z e n  loam which had l a y e r e d  

s t r u c t u r e  and a t o t a l  m o i s t u r e  c o n t e n t  W+ = 59.6%. The sample  was t e s t e d  
" 

u s i n g  two methods - under  s t a n d a r d  t e s t  c o n d i t i o n s  (exper iment  l ) ,  and w i t h  

t h e r m a l  i n s u l a t i o n  o f  t h e  bottom end (exper iment  2 ) .  

I n i t i a l  d a t a .  Weight o f  s o i l  sample  g = 192.8 g .  
r 

Dimensions o f  sample ( i n n e r  d imensions  o f  t h e  l l a - c a l o r i m e t e r l l ) :  

r a d i u s  R = 2.5 cm; 

h e i g h t  h  = 6  cm. 
2  Volume o f  sample ( i n n e r  volume o f  t h e  l l a - c a l o r i m e t e r n )  V = n R  h  = 

3  3 . 1 4 ~ 6 . 2 5 ~ 6  = 117.5 cm . 
2  The shape  r a t i o n  o f  t h e  l l a -ca lo r imete r l l  is  k  ~ 0 . 8 3 3  cm . 

Q 
The s p e c i f i c  we igh t  o f  t h e  s o i l  sample  is YO6 = -- 192'8 1.64 

3  
117.5- 

g/cm3 = 1640 kg/m . 
The thermocouple  c o n s t a n t  is n  = 0.122 d e g / s c a l e  d i v i s i o n .  

0 The i n i t i a l  t e m p e r a t u r e  o f  t h e  s o i l  sample  is 0 = -12 C. 
0 6 ~  

The t e m p e r a t u r e  o f  t h e  c o o l i n g  l i q u i d  is 8 = -22.2 C. 
c  P  

The e x p e r i m e n t a l  d a t a  a r e  p r e s e n t e d  i n  T a b l e  21. 



T a b l e  21. Exper imenta l  d a t a  

a- Time, i n  minu tes ;  b- Experiment No. 1; c- galvanometer  r e a d i n g s ,  i n  
d i v i s i o n s  o f  t h e  s c a l e ;  d- d i f f e r e n c e  between t h e  t e m p e r a t u r e s  0 ,  i n  d e g r e e s ;  
e- Exper iment  No. 2 ;  f -  galvanometer  r e a d i n g s ,  i n  d i v i s i o n s  o f  t h e  scale; g- 
d i f f e r e n c e  between t h e  t e m p e r a t u r e s  0 ,  i n  d e g r e e s .  

Bpeuu a nun oteser no k oTmer no I pawocTb 

a- 8. anbeano~erpy. ~euneparyp 0. men. m a n u  g- ?pad 

C a l c u l a t i o n s .  Using 5wo random t e m p e r a t u r e  v a l u e s ,  t a k e n  from t h e  l i n e a r  

s e c t i o n  o f  t h e  curve  o f  t h e  change i n  l o g  0  a s  a  f u n c t i o n  o f  t i m e  t ( f o r  

example f o r  t i m e s  t =3 minutes  and  t -7 minu tes  i n  t h e  first exper iment  
1 2- 

a n d  t =3 minutes  and t 2 = 6  minu tes  i n  t h e  second e x p e r i m e n t ) ,  t h e  rates o f  
1 

c o o l i n g  o f  t h e  sample  TI and TI' a r e  c a l c u l a t e d  u s i n g  formula  ( 4 7 ) :  

l o g  5.24 - l o g  0 .67 - 1.6563 - 0.4005 
= 0.501 min-l; rl = - 

7 - 3 4  

n' = l o g  7.69 -log 1 . 5 4  - 1.7029 - 0.4318 = 0,423 - - 1 
3 6 - 3 

Using t h e  r a t e  o f  c o o l i n g  o f  t h e  sample  q a s  o b t a i n e d  i n  t h e  f i rs t  

e x p e r i m e n t ,  t h e  c o e f f i c i e n t  o f  fhe rmal  c o n d u c t i v i t y  o f  t h e  s o i l  is de te rmined  

by means o f  formula  ( 4 8 )  : 

The c o e f f i c i e n t  o f  t h e r m a l  a n i s o t r o p y  o f  t h e  s o i l  sample  is  c a l c u l a t e d  

w i t h  t h e  a i d  o f  formula  ( 5 1 )  



I n  o r d e r  t o  c a l c u l a t e  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y  o f  t h e  s o i l ,  

a  c a l c u l a t i o n  is f i r s t  c a r r i e d  o u t  o f  i ts  s p e c i f i c  h e a t  u s i n g  formula  ( 3 0 ) ,  o r  

else its e x p e r i m e n t a l l y  de te rmined  v a l u e  is used.  I n  t h i s  c a s e  e 0 . 3 4  k c a l / k g  

deg.  S u b s t i t u t i n g  t h i s  v a l u e  o f  c  i n  formula  ( 5 1 ) ,  we d e t e r m i n e  t h e  

c o e f f i c i e n t  o f  the rmal  c o n d u c t i v i t y  

A = (0.0026) (0 .34)  (1 .64)  = 1.45 kcal/m hour  degree .  

FREEZING POINT DEPRESSION OF SALINE SOILS 

3.92. The t e m p e r a t u r e  a t  t h e  beg inn ing  o f  f r e e z i n g  o f  s a l i n e  s o i l s  is 

unders tood  t o  mean t h e  n e g a t i v e  t e m p e r a t u r e  a t  which i c e  c r y s t a l s  a p p e a r  i n  t h e  

p o r e  s o l u t i o n .  

3.93. The t e m p e r a t u r e  a t  t h e  b e g i n n i n g  o f  f r e e z i n g  o f  t h e  pore  s o l u t i o n  

is de te rmined  f o r  f r o z e n  s o i l s  w i t h  mass ive  c r y o g e n i c  s t r u c t u r e ,  a s  w e l l  a s  f o r  

t h e  m i n e r a l  l a y e r s  o r  macro-aggregates  o f  f r o z e n  s o i l s  wi th  l a y e r e d  and 

r e t i c u l a t e  s t r u c t u r e ,  which c o n t a i n  o n l y  pore  i c e .  

3.94. I n  s a l i n e  s o i l s  wi th  mass ive  c r y o g e n i c  s t r u c t u r e  t h e  unf rozen  wa te r  

is comprised o f  v a r i o u s  c a t e g o r i e s  o f  bound w a t e r  and s a l t  s o l u t i o n s .  For  

s o i l s  o f  t h i s  t y p e ,  t h e  t e m p e r a t u r e s  o f  t h e  s t a r t  o f  f r e e z i n g  and o f  m e l t i n g  

p r a c t i c a l l y  c o i n c i d e ,  inasmuch a s  t h e y  depend mainly  on t h e  c o n c e n t r a t i o n  o f  

t h e  p o r e  s o l u t i o n .  

3.95. I n  s a l i n e  f r o z e n  s o i l s  wi th  l a y e r e d  and r e t i c u l a t e  s t r u c t u r e ,  t h e  

i c e  i n c l u s i o n s  c o n t a i n  p r a c t i c a l l y  no s a l t  and m e l t  a t  O'C. 

3.96. I n  o r d e r  t o  d e t e r m i n e  t h e  t e m p e r a t u r e  a t  t h e  b e g i n n i n g  o f  f r e e z i n g  

o f  s a l i n e  s o i l ,  u s e  is made o f  m o n o l i t h s ,  c o r e  samples  o r  samples  wi th  

d i s t u r b e d  composi t ion b u t  w i t h  t h e  n a t u r a l  m o i s t u r e  c o n t e n t  p r e s e r v e d .  

3.97. The t e m p e r a t u r e  a t  t h e  beg inn ing  o f  f r e e z i n g  is  de te rmined  from t h e  

curve  o f  t h e  amount o f  unf rozen  w a t e r  a s  a  f u n c t i o n  o f  t h e  n e g a t i v e  

t e m p e r a t u r e ,  which is p l o t t e d  u s i n g  t h e  r e s u l t s  o f  t h e  c a l o r i m e t r i c  e x p e r i m e n t s  

( s e e  F i g u r e  2  ) . 
3.98. The t e m p e r a t u r e  a t  t h e  b e g i n n i n g  o f  f r e e z i n g  o f  s a l i n e  s o i l  on t h e  

c u r v e  o f  t h e  amount o f  unf rozen  s o i l  a s  a  f u n c t i o n  o f  t h e  n e g a t i v e  t e m p e r a t u r e  

cor responds  t o  t h e  amount o f  u n f r o z e n  s o i l  which is e q u a l  t o  t h e  n a t u r a l  

m o i s t u r e  c o n t e n t  o f  t h e  sample  b e i n g  t e s t e d .  



3.99. Samples o f  s a l i n e  s o i l  which a r e  t o  be  used f o r  d e t e r m i n i n g  t h e  

c o n t e n t  o f  unf rozen  s o i l  a t  v a r i o u s  n e g a t i v e  t e m p e r a t u r e s  a r e  p repared  w i t h  

m o i s t u r e  c o n t e n t s  which a r e  found a t  t h e  l i q u i d  l i m i t ,  i . e .  w i t h  m o i s t u r e  

c o n t e n t s  which a r e  i n t e n t i o n a l l y  g r e a t e r  than  t h e  n a t u r a l  m o i s t u r e  c o n t e n t  o f  

f r o z e n  s o i l  w i t h  mass ive  c r y o g e n i c  s t r u c t u r e  o r  t h e  m o i s t u r e  c o n t e n t  o f  t h e  

m i n e r a l  l a y e r s  (macro-aggregates)  o f  s o i l s  wi th  l a y e r e d  o r  r e t i c u l a t e  s t r u c t u r e .  

3.100. I n  o r d e r  t o  de te rmine  t h e  t e m p e r a t u r e  a t  t h e  b e g i n n i n g  o f  f r e e z i n g  

o f  s o i l  w i t h  mass ive  s t r u c t u r e ,  a segment OA is p l o t t e d  a l o n g  t h e  Y-axis o f  t h e  

c u r v e  o f  t h e  amount o f  unf rozen  w a t e r  as a  f u n c t i o n  o f  t h e  n e g a t i v e  t e m p e r a t u r e  

( s e e  F i g u r e  2 ) .  Th i s  segment c o r r e s p o n d s  t o  t h e  v a l u e  o f  t h e  n a t u r a l  m o i s t u r e  

c o n t e n t  o f  t h e  f r o z e n  s o i l .  From p o i n t  A a  s t r a i g h t  l i n e  is drawn p a r a l l e l  t o  

t h e  t e m p e r a t u r e  a x i s  u n t i l  it  i n t e r s e c t s  t h e  c u r v e  W ( 8 )  a t  p o i n t  B. The 
u  

base  o f  a  p e r p e n d i c u l a r  dropped from p o i n t  B t o  t h e  t e m p e r a t u r e  a x i s  d e t e r m i n e s  

t h e  t e m p e r a t u r e  o f  f r e e z i n g  o f  s a l i n e  s o i l  wi th  mass ive  c r y o g e n i c  s t r u c t u r e  8 . 
3 

3.101. I n  t h e  c a s e  o f  f r o z e n  s o i l s  w i t h  l a y e r e d  and  r e t i c u l a t e  s t r u c t u r e ,  

i n  o r d e r  t o  de te rmine  t h e  t e m p e r a t u r e  a t  t h e  beg inn ing  o f  f r e e z i n g  i t  is 

n e c e s s a r y  t o  f i r s t  e s t a b l i s h  t h e  m o i s t u r e  c o n t e n t  o f  t h e  m i n e r a l  l a y e r s  o r  t h e  

macro-aggregates  W . T h i s  m o i s t u r e  c o n t e n t  is p l o t t e d  a l o n g  t h e  Y-axis and 
g  

t h e  v a l u e  o f  8, is determined.  

RECOMMENDATIONS FOR THE MANUFACTURE OF THE M A I N  COMPONENT AND PARTS 

OF THE APPARATUS USED FOR DETERMINING THERMAL CHARACTERISTICS 

THE MANUFACTURE AND CALIBRATION OF THERMOCOUPLES, FLAT 

ELECTRIC HEATERS AND THERMOMETERS 

3.102. D i f f e r e n t i a l  thermocouples  a r e  used i n  t h e  d e t e r m i n a t i o n  o f  t h e  

the rmal  c h a r a c t e r i s t i c s  o f  s o i l .  The thermocouples  a r e  i n  t h e  form o f  two 

thermoelements ,  connec ted  i n  s e r i e s ,  each  o f  which i s  formed by t h e  c o n t a c t  o f  

two w i r e s  which a r e  made o u t  o f  d i f f e r e n t  m e t a l s .  One o f  t h e  thermoelements ,  

which is c a l l e d  t h e  - h o t  o r  work in8  j u n c t i o n ,  is p l a c e d  i n s i d e  o f  t h e  s o i l  

sample b e i n g  t e s t e d ,  t h e  o t h e r  c o l d  o r  r e f e r e n c e  j u n c t i o n  is placed  i n t o  a  

medium whose t e m p e r a t u r e  is known, such  a s  m e l t i n g  i c e  ( i c e  b a t h  a t  0 ' ~ ) .  



3.103. When manufac tu r ing  t h e  the rmocouples  i t  i s  a d v i s a b l e  t o  s e l e c t  

m e t a l s  which w i l l  produce a s t a b l e  and h i g h  t h e r m o e l e c t r o m o t i v e  f o r c e  pe r  u n i t  

o f  d i f f e r e n c e  between t h e  h o t  and c o l d  j u n c t i o n  t e m p e r a t u r e s  ( s e e  T a b l e  2 2 ) .  

For most p r a c t i c a l  purposes ,  copper -cons tan tan  thermocouples  are u s e d ,  which 

a r e  made o u t  o f  PEShOK, PEK, PEL, o r  PEV w i r e s  0.2-0.5 mm i n  d i a m e t e r .  The 

e l e c t r o d e  wires are t e s t e d  f o r  t h e r m o e l e c t r i c  homogeneity by p a s s i n g  them 

t h r o u g h  a t u b e  f u r n a c e  a t  a t e m p e r a t u r e  o f  100-200'~. Dur ing t h i s  p r o c e s s  

t h e  p r e s e n c e  o f  a the rmoe lec t romot ive  f o r c e  is d e t e c t e d  w i t h  t h e  a i d  o f  a 

m i r r o r  galvanometer  which is connec ted  t o  t h e  s e c t i o n  o f  w i r e  which is b e i n g  

t e s t e d  by means o f  s l i d i n g  c o n t a c t s  made o u t  o f  t h e  same meta l .  S e c t i o n s  o f  

w i r e  which produce a t h e r m o e l e c t r i c  c u r r e n f  a r e  r e j e c t e d .  

3.104. Thermocouples a r e  manufactured o u t  o f  t h e  wires which have  been 

t e s t e d  f o r  homogeneity. The ends  o f  t h e  copper  and c o n s t a n t a n  wires a r e  
1 

c l e a n e d  and t i g h t l y  wound t o g e t h e r ,  a f t e r  which t h e y  a r e  s o l d e r e d  w i t h  t i n  . 
Only r o s i n  is used f o r  s o l d e r i n g .  The l e n g t h  o f  t h e  thermocouple  s h o u l d  be  2-3 

mm. I n  o r d e r  t o  p r o t e c t  t h e  thermocouples  from o x i d a t i o n  and t o  p r e v e n t  

c o n d i t i o n s  under  which p a r a s i t i c  c u r r e n t s  might a r i s e ,  t h e y  a r e  c o a t e d  w i t h  a 

w a t e r - r e s i s t a n t  e l e c t r i c a l l y  i n s u l a t i n g  l a c q u e r  ( s h e l l a c ,  enamel l a c q u e r ,  

e t c . ) .  The coming i n t o  c o n t a c t  o f  t h e  thermocouple  l e a d s  ough t  t o  be avo ided .  

A s  a r u l e ,  t h e  copper  e l e c t r o d e s  o f  t h e  d i f f e r e n t i a l  thermocouple  a r e  connec ted  

t o  t h e  galvanometer .  

Good q u a l i t y  thermocouples  are o b t a i n e d  when t h e  wires a r e  welded t o g e t h e r  

o r  when a l a y e r  o f  copper  is  e l e c t r o l y t i c a l l y  d e p o s i t e d  o n t o  t h e  

c o n s t a n t a n  wi re .  



T a b l e  22. The t h e r m o e l e c t r o m o t i v e  f o r c e  o f  the rmocouples  made o u t  o f  d i f f e r e n t  

m e t a l s  and a l l o y s  

3.105. Each thermocouple  is i n d i v i d u a l l y  c a l i b r a t e d ,  u s i n g  t h e  

galvanometer  which is t o  be used f o r  c a r r y i n g  o u t  t h e  subsequen t  work. The 

c a l i b r a t i o n  is  c a r r i e d  o u t  f o r  f o u r  f i x e d  t e m p e r a t u r e  v a l u e s ,  which a r e  

s e l e c t e d  from t h e  proposed r a n g e  o f  measurements. Dur ing  t h e  c a l i b r a t i o n ,  a 

r e c o r d  is made o f  t h e  galvanometer  r e a d i n g s  and o f  t h e  c o r r e s p o n d i n g  

t e m p e r a t u r e s  o f  t h e  c o l d  and h o t  j u n c t i o n s  o f  t h e  thermocouple ,  a s  measured 

w i t h  mercury thermometers  w i t h  a n  a c c u r a c y  o f  - + 0 . 1 ' ~ .  Usua l ly  t h e  c o l d  

j u n c t i o n  o f  t h e  thermocouple ,  which is b e i n g  c a l i b r a t e d ,  is p l a c e d  i n t o  m e l t i n g  

i c e ,  w h i l e  t h e  h o t  one is  p l a c e d  i n t o  a Dewar f l a s k  c o n t a i n i n g  a l i q u i d  which 

i s  s t i r r e d .  Using t h e  c a l i b r a t i o n  d a t a  a g raph  is p l o t t e d  o f  t h e  changes  i n  

t h e  galvanometer  r e a d i n g s ,  i n  d i v i s i o n s  o f  its s c a l e ,  a s  a f u n c t i o n  o f  t h e  

d i f f e r e n c e  i n  t e m p e r a t u r e s  between t h e  h o t  and c o l d  j u n c t i o n s  o f  t h e  
0 

the rmocouple ,  i n  C .  The s l o p e  o f  t h i s  c u r v e ,  i n  s c a l e  d i v i s i o n s / d e g r e e ,  is  

t a k e n  f o  b e  t h e  thermocouple index .  

Thermoe lec t romot ive  f o r c e  pe r  
0 

100 C d i f f e r e n c e  i n  t e m p e r a t u r e ,  

i n  m i l l i v o l t s  

4.1 

5 .37 

4.26 

3 -93 

6.95 

6.2 - 6.6 

E l e c t r o d e  

P o s i t i v e  

Chrome1 

I r o n  

Copper 

Tin  

Chrome1 

Chrome1 

1 

Nega t ive  

Alumel 

Cons tan tan  

Cons t a n  t a n  

Constan t a n  

Co p e l  

Cons t a n  t a n  



THE MANUFACTURE OF FLAT ELECTRIC HEATERS 

3.106. An electr ic  h e a t e r  which is  t o  b e  u s e d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  

t h e r m a l  c h a r a c t e r i s t i c  o f  a  s o i l ,  mus t  be  t h i n  ( a p p r o x i m a t e l y  2  mm), must  h a v e  

a low i n t r i n s i c  h e a t  c a p a c i t y ,  h i g h  t h e r m a l  c o n d u c t i v i t y  , a n d  must  u n i f o r m l y  

a n d  s y m m e t r i c a l l y  h e a t  t h e  s u r f a c e  o f  t h e  s o i l  s a m p l e  which is i n  c o n t a c t  w i t h  

i t  w i t h  a s t a b l e  o u t p u t  o f  h e a t .  

3.107. The h e a t e r  c o i l  is made o u t  o f  w i r e  h a v i n g  a  d i a m e t e r  o f  0.3-0.5 

mm, s i l k  o r  enamel  i n s u l a t i o n ,  a n d  a low c o e f f i c i e n t  o f  t h e r m a l  r e s i s t a n c e ,  

s u c h  as c o n s t a n t a n ,  manganin ,  a r g e n t a n ,  f e c h r a l ,  etc .  The h e a t e r  c o i l  is l a y e d  

i n  a d o u b l e  h e l i x  between two s h e e t s  o f  c a m b r i c  ( a  c o t t o n  f a b r i c )  i n  s u c h  a way 

as t o  h a v e  t h e  d i s t a n c e  between t h e  l o o p s  e q u a l  and  n o t  g r e a t e r  t h a n  5 mrn. 

3.108. It is recommended t h a t  t h e  h e a t e r  b e  made i n  t h e  f o l l o w i n g  way. A 

s h e e t  o f  c a m b r i c  is p l a c e d  o n t o  a b o a r d  a n d  p i n s  are d r i v e n  i n  a l o n g  t h e  

o u t l i n e  o f  t h e  h e a t e r  i n  o r d e r  t o  s e r v e  as t h e  b a s e  f o r  t h e  c o i l .  Once t h e  

h e a t e r  c o i l  is i n  p l a c e  t h e  s u r f a c e  o f  t h e  wires which  are i n  t h e  c a m b r i c  are 

c o a t e d  w i t h  BF-2 g l u e  o r  w i t h  enamel  l a c q u e r ,  t h e  p i n s  a r e  removed,  and  a 

second  l a y e r  o f  c a m b r i c  is p u t  i n t o  p l a c e .  The h e a t e r  is t h e n  compres sed  

be tween two c o p p e r  o r  aluminum p l a t e s  0.3-0.5 mm t h i c k ,  which  h a v e  been  c o a t e d  

w i t h  g l u e ,  a n d  p l a c e d  i n t o  a d r y i n g  oven  where  i t  is  k e p t  f o r  2-3 h o u r s  a t  a 

t e m p e r a t u r e  o f  1 5 0 ' ~  u n t i l  t h e  g l u e  h a s  c o m p l e t e l y  p o l y m e r i z e d .  

3.109. The d i a m e t e r  a n d  l e n g t h  o f  t h e  w i r e  f o r  t h e  h e a t e r  c o i l  are 

s e l e c t e d  i n  a c c o r d a n c e  w i t h  t h e  r e q u i r e d  o u t p u t  o f  t h e  h e a t e r  u s i n g  t h e  f o r m u l a  

w h e r e  
l H  

- is t h e  l e n g t h  o f  t h e  h e a t e r  wire, i n  m;  

Q - is t h e  s p e c i f i c  o u t p u t  o f  t h e  h e a t e r ,  i n  k c a l / h o u r ;  

2  
p3 - i s  t h e  s p e c i f i c  r e s i s t a n c e  o f  t h e  c o n d u c t o r ,  i n  ohm mrn / m ;  

f H  
- is t h e  c r o s s  s e c t i o n  o f  t h e  c o n d u c t o r ,  i n  mm2; 

U a n d  I - are t h e  v o l t a g e  and  amperage ,  r e s p e c t i v e l y .  

The v a l u e s  o f  t h e  main elec t r ica l  p a r a m e t e r s  o f  c o n d u c t o r s  which  a r e  u s e d  

f o r  t h e  m a n u f a c t u r e  o f  h e a t e r s  are p r e s e n t e d  i n  T a b l e  23 .  



T a b l e  23. E l e c t r i c a l  pa ramete r s  o f  m a t e r i a l s  used t o  manufac tu re  h e a t e r s  

2 a- M a t e r i a l ;  b- S p e c i f i c  r e s i s t a n c e ,  i n  ohm mm / m  ( a t  2 0 ' ~ ) ;  c- Thermal 

index  ( a t  2 0 ' ~ ) ;  d- Cons tan tan ;  e- Manganin; f -  Argentan;  g- N i c k e l i n e ;  h- 

Nichrome; i- F e c h r a l ;  j- Alloy No. 1; k- Al loy  No. 2 ;  1- Alloy ;  m- B r a s s ;  n- 

Copper;  o- S t e e l  

3,iertpnqecwne napaMelpu maTepnanos. npnMewaeMux 
nna n ~ r o ~ o s a e ~ n ~  narpesatenefl 

a- brne,%noe ~ & G e ~ a -  
conpoTse- ~ Y p ~ b l a  

OM . a x a / w  w e ~ r  
(npn 20° C )  ( n p ~  20° C )  

I 

~ - K O H C T ~ H T ~ H  

e - M a ~ r a ~ ~ ~  0.45 5. 10-S 
1.2-1.3 5.10-S 

f-HeR1~m6ep 1.3-1 , c  5.10-s 

g H ~ ~ e n ~ t ~  1,18--1,363 6.10-6 

hS I t i xpo~  1-1.15 1.3-10-4 
0.06-4,09 2. lo4 

0.017 4,3.104 
i aexpanb  0.199 1.6.10" 

THE MANUFACTURE AND CALIBRATION OF THERMOMETERS 

3.110. T h i s  thermometer c o n s i s t s  o f  a b a t t e r y  o f  thermocouples  which are 

connec ted  i n  s e r i e s ,  wi th  t h e  h o t  and c o l d  j u n c t i o n s  l o c a t e d  on t h e  o p p o s i t e  

s i d e s  o f  a f l a t  p l a t e  which a c t s  a s  a r e f e r e n c e  body. 

3.111. The r e f e r e n c e  p l a t e ,  which is t h e  main e lement  o f  t h i s  

thermometer ,  is manufactured o u t  o f  a c r y l i c  p l a s t i c  o r  some o t h e r  

non-hygroscopic  m a t e r i a l  h a v i n g  a s t a b l e  t h e r m a l  c o n d u c t i v i t y  o f  0.1-0.2 kcal /m 

hour  deg.  A 3-5 mm-thick s h e e t  i s  shaped i n t o  a c i r c l e  w i t h  a d i a m e t e r  o f  a t  

l e a s t  25  cm, o r  i n t o  a s q u a r e  wi th  s i d e s  o f  t h i s  s i z e .  I n  t h e  c e n t r a l  p o r t i o n  

o f  t h i s  s h e e t  (up  t o  on h a l f  o f  its r a d i u s  o r  s i d e  o f  t h e  s q u a r e ) ,  a s q u a r e  

g r i d  o f  t h i n  open ings  is d r i l l e d ,  t h e  d i s t a n c e s  between them b e i n g  5-7 mm. 

Through t h e s e  opening t h e  copper and c o n s t a n t a n  e l e c t r o d e s  o f  t h e  thermocouples  

a r e  a l t e r n a t e l y  t h r e a d e d  and j o i n e d  t o g e t h e r  i n  such a way t h a t  each s u c c e s s i v e  

j u n c t i o n  is on t h e  o p p o s i t e  s i d e  o f  t h e  s h e e t  and  half-way between a d j a c e n t  

openings .  The f i r s t  and las t  e l e c t r o d e s  o f  t h i s  t h e r m o b a t t e r y  a r e  o u t  o f  

copper .  These  l e a d s  a r e  b r o u g h t  o u t  t o  t h e  t e r m i n a l s  o f  t h e  thermometer,  which 



are f i x e d  a t  t h e  s i d e  o f  t h e  s h e e t .  The d i a m e t e r  o f  t h e  w i r e s  f o r  t h e  

t h e r m o c o u p l e s  s h o u l d  n o t  b e  l a r g e r  t h a n  0.2-0.3 mm. Once t h e  t h e r m o c o u p l e  

b a t t e r y  is as sembled  t h e  j u n c t i o n s  o f  t h e  t h e r m o c o u p l e s  a r e  p l a c e d  e v e n  w i t h  

t h e  s u r f a c e  o f  t h e  s h e e t  and  t h e  e n t i r e  t he rmomete r  is c o a t e d  w i t h  a n  

i n s u l a t i n g  l a y e r  o f ,  f o r  example ,  a s o l u t i o n  o f  a c r y l i c  p l a s t i c  i n  

d i c h l o r o e t h a n e .  

3.112. The comple t ed  t h e r m o c o u p l e s  are g r a d e d  a c c o r d i n g  t o  t h e  magn i tude  

o f  t h e  s p e c i f i c  h e a t  f l ow  q ,  i n  kca l /m2  h o u r ,  which  is e q u i v a l e n t  t o  1 

m i l l i v o l t  o f  t h e r m o e l e c t r o m o t i v e  f o r c e  o f  t h e  t h e r m o b a t t e r y  E . C a l i b r a t i o n  is  

c a r r i e d  o u t  u s i n g  t h e  s e t u p  d e s c r i b e d  i n  s e c t i o n  3.44. I n  o r d e r  t o  a c c o m p l i s h  

t h i s ,  a s e c o n d  c o o l e r  is i n s t a l l e d  which  is a t t a c h e d  t o  t h e  t h e r m o s t a t  and  

f i r s t  c o o l e r ,  c o n s i d e r e d  as a  u n i t .  Two i d e n t i c a l  t h e r m o m e t e r s ,  w i t h  t h e  f l a t  

h e a t e r  be tween them,  are i n s t a l l e d  be tween t h e  c o o l e r s .  A f t e r  t h e  c u r r e n t  t o  

t h e  h e a t e r  is s w i t c h e d  on and  a  s t e a d y  h e a t  f l ow  h a s  become e s t a b l i s h e d ,  a  

r e c o r d  is  k e p t  o f  t h e  r e a d i n g s  o f  t h e  p o t e n t i o m e t e r ,  which is c o n n e c t e d  i n  t u r n  

t o  t h e  t he rmomete r s  which are b e i n g  c a l i b r a t e d .  The c a l i b r a t i o n  e x p e r i m e n t s  

are pe r fo rmed  t w i c e ,  w i t h  t h e  p o s i t i o n s  o f  t h e  t h e r m o m e t e r s  b e i n g  s w i t c h e d  w i t h  

r e s p e c t  t o  t h e  h e a t e r .  The c o n v e r s i o n  r a t i o  f o r  t h e  thermometer  v is 

c a l c u l a t e d  u s i n g  t h e  f o r m u l a  

v = - 2 - 864uL k c a l l m  h o u r  m i l l i v o l t ,  
2~ 2R3Fc ( 5 3 )  

where  U - is t h e  h e a t e r  v o l t a g e  

R3 - is t h e  e l e c t r i c a l  r e s i s t a n c e  o f  t h e  h e a t e r ,  i n  ohms; 

E - is  t h e  t h e r m o e l e c t r o m o t i v e  f o r c e  o f  t h e  t h e r m o b a t t e r y ,  i n  

m i l l i v o l t s .  



4.  MECHANICAL PROPERTIES 

PREPARATION OF SOIL SAMPLES AND REQUIREMENTS 

FOR TESTING THEM I N  THE LABORATORY 

PREPARATION OF SAMPLES 

4.1. It  is  recommended t h a t  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  f r o z e n  and 

t h a w i n g  s o i l s ,  i n  t h e  c a s e  o f  c l a y e y  and sandy s o i l s  w i t h  m a s s i v e ,  

t h i n l y - l a y e r e d ,  and  small-mesh r e t i c u l a t e  c r y o g e n i c  s t r u c t u r e  ( s e c t i o n s  

1 .12-1 .18) ,  b e  d e t e r m i n e d  o n l y  when t h e y  d o  n o t  c o n t a i n  clas t ic  material. I n  

t h e  c a s e  o f  m a c r o c l a s t i c  s o i l s ,  b u t  e x c l u d i n g  s t o n y  f r o z e n  s o i l s ,  o n l y  thaw 

s e t t l e m e n t  may b e  d e t e r m i n e d  unde r  l a b o r a t o r y  c o n d i t i o n s .  

4.2. The t e s t i n g  o f  t h e  f r o z e n  s o i l  is c a r r i e d  o u t  u s i n g  a s o i l  s a m p l e  

whose c o m p o s i t i o n  h a s  n o t  been  d i s t u r b e d ,  a t  i ts  n a t u r a l  m o i s t u r e  c o n t e n t ,  and  

a t  t h e  n e g a t i v e  t e m p e r a t u r e  which is s p e c i f i e d  by t h e  e x p e r i m e n t a l  c o n d i t i o n s .  

4.3. A sample  is c u t  from a v e r t i c a l  s o i l  s e c t i o n  o r  c o r e  s a m p l e ,  which 

is d e l i v e r e d  t o  t h e  l a b o r a t o r y  w i t h o u t  a l t e r i n g  i ts  n a t u r a l  m o i s t u r e  c o n t e n t ,  

and  a t  a t e m p e r a t u r e  below f r e e z i n g .  The number and  d i m e n s i o n s  o f  t h e  s o i l  

s e c t i o n s  and  c o r e  s a m p l e s  which are d e l i v e r e d  t o  t h e  l a b o r a t o r y  must  b e  

s u f f i c i e n t  t o  p r o v i d e  t h e  r e q u i r e d  number o f  i d e n t i c a l  s a m p l e s  f o r  e a c h  s o i l  

v a r i e t y .  

4.4. A sample  is c u t  from a v e r t i c a l  s o i l  s e c t i o n  i n  s u c h  a way t h a t ,  

d u r i n g  t h e  s u b s e q u e n t  t e s t i n g ,  i t  w i l l  have  t h e  same o r i e n t a t i o n  w i t h  r e s p e c t  

t o  t h e  a p p l i e d  l o a d  as  it d o e s  i n  its n a t u r a l  p o s i t i o n  i n  t h e  s o i l  mass. 

4.5.  The sample  o f  f r o z e n  s o i l  is c u t  o u t  w i t h  t h e  a i d  o f  a metal r i n g  

s a m p l e r  ( c y l i n d r i c a l  c u t t e r ) ,  f rom which it is pushed o u t  w i t h  t h e  a i d  o f  a 

hand p r e s s  o r  a s p e c i a l  e j e c t o r  and  t r a n s f e r r e d  i n t o  t h e  c u t t i n g  r i n g  o f  t h e  

i n s t r u m e n t .  I n  o r d e r  t o  r e d u c e  t h e  f r i c t i o n  o f  t h e  s o i l ,  t h e  i n n e r  walls o f  

t h e  s a m p l e r  r i n g  are f i r s t  c o a t e d  w i t h  a  t h i n  l a y e r  ( f i l m )  o f  p e t r o l e u m  j e l l y .  

Note. I n  e x p e r i m e n t s  on t h e  d e t e r m i n a t i o n  o f  t h e  c o m p r e s s i b i l i t y  o f  

f r o z e n  s o i l  unde r  l o a d  ( s e c t i o n s  4 .22-4 .56) ,  t h e  sample  is t a k e n  d i r e c t l y  i n t o  

t h e  c u t t i n g  r i n g ,  which  r e d u c e s  p o s s i b l e  s o i l  l o s s e s  and  t h e  f o r m a t i o n  o f  g a p s  

between t h e  r i n g  and  t h e  sample .  



4.6. The r i n g  sample r  is made o u t  o f  s t a i n l e s s  s t e e l  3-4 mm t h i c k .  The 

o u t s i d e  o f  t h e  lower  p o r t i o n  o f  t h e  r i n g  is f i l e d  down t o  a  t a p e r .  The sample r  

must  be  5-6 mm h i g h e r  t h a n  t h e  c u t t i n g  r i n g ,  and i t s  i n n e r  d i a m e t e r  must  be 

0.5-1 mm l a r g e r  t h a n  t h e  i n n e r  d i a m e t e r  o f  t h e  c u t t i n g  r i n g ,  which e l e m i n a t e s  

t h e  p o s s i b l e  o c c u r r e n c e  o f  g a p s  between t h e  sample  and t h e  walls o f  t h e  c u t t i n g  

r i n g .  

It is recommended t h a t  a s e l e c t i o n  o f  r i n g  s a m p l e r s  be a v a i l a b l e  ( 5  o r  6 ) ,  

w i t h  d i m e n s i o n s  c o r r e s p o n d i n g  t o  t h o s e  o f  t h e  c u t t i n g  r i n g s .  

4.7. B e f o r e  s a m p l i n g  t h e  s o i l ,  t h e  c u t t i n g  r i n g s  and t h e  r i n g  s a m p l e r s  

are numbered. A r e c o r d  is a l s o  made o f  t h e i r  w e i g h t  and d i m e n s i o n s ,  which are 

needed i n  o r d e r  t o  c a l c u l a t e  t h e  u n i t  w e i g h t  o f  t h e  f r o z e n  s o i l  b e i n g  t e s t e d .  

These  d a t a  are r e c o r d e d  i n  a l o g  ( T a b l e  2 4 ) .  

4.8. I n  o r d e r  t o  t a k e  a sample ,  t h e  r i n g  s a m p l e r  o r  t h e  c u t t i n g  r i n g  is 

p l a c e d  o n t o  a f r e s h l y  c l e a n e d  f r o z e n  s o i l  s u r f a c e .  

The s o i l  from a round  t h e  o u t s i d e  o f  t h e  r i n g  ( a t  t h e  f i l e d  l i p )  is 

c a r e f u l l y  c u t  away w i t h  a s h a r p  k n i f e  a n d ,  by a p p l y i n g  a l i g h t  p r e s s u r e  t o  t h e  

r i n g ,  i t  is g r a d u a l l y  pushed o n t o  t h e  r e s u l t i n g  s o i l  c y l i n d e r  u n t i l  it  is 

c o m p l e t e l y  f u l l .  The e x c e s s  s o i l  from t h e  e n d s  is  c u t  o f f  f l u s h  w i t h  t h e  e n d s  

o f  t h e  r i n g ;  t h e  upper  and lower s u r f a c e s  o f  t h e  s o i l  s ample  are  c a r e f u l l y  

trimmed w i t h  t h e  a i d  o f  a s t r a i g h t - e d g e d  k n i f e .  

4.9. The s o i l  sample  b e i n g  t e s t e d  must  match t h e  d i m e n s i o n s  o f  t h e  

c u t t i n g  r i n g  and must h a v e  c a r e f u l l y  trimmed and smoothed ( u s i n g  f i n e  

s a n d p a p e r )  uppe r  and lower  f a c e s .  A s l i d e  c a l i p e r  is used  t o  check  t h a t  t h e  

f a c e s  o f  t h e  sample  are p a r a l l e l  t o  e a a h  o t h e r  t o  w i t h i n  0 .1  mm. The h e i g h t  i s  

measured a t  n o t  l e s s  t h a n  s i x  d i f f e r e n t  p o i n t s  on t h e  sample .  The i n i t i a l  d a t a  

are r e c o r d e d  i n  a n  o b e r v a t i o n s  l o g  ( T a b l e  2 4 ) .  

4.10. The p r e p a r e d  f r o z e n  s o i l  sample  t o g e t h e r  w i t h  t h e  c u t t i n g  r i n g  is 

weighed t o  a n  a c c u r a c y  o f  - +0.01 g  on a c o u n t e r - b a l a n c e ,  which is l o c a t e d  i n  a 

b u i l d i n g  where t h e  t e m p e r a t u r e  is m a i n t a i n e d  a t  below f r e e z i n g .  The d a t a  

o b t a i n e d  are r e c o r d e d  i n  t h e  l o g  ( T a b l e  2 4 ) .  

4.11. P r i o r  t o  t e s t i n g ,  t h e  sample  o f  f r o z e n  s o i l  which is t a k e n  w i t h  t h e  

r i n g  s a m p l e r  ( e x c e p t  when it i s  t o  be  t e s t e d  f o r  c o m p r e s s i b i l i t y  i n  t h e  f r o z e n  

s t a t e )  is  t r a n s f e r r e d  from t h e  s a m p l e r  t o  t h e  c u t t i n g  r i n g ,  trimmed even w i t h  

t h e  e d g e s  o f  t h e  r i n g  a t  t h e  t o p  and bo t tom,  and r ewe ighed .  The d a t a  a r e  

r e c o r d e d  i n  t h e  l o g  ( T a b l e  2 4 ) .  When t r a n s f e r r i n g  t h e  s o i l  s ample  t o  t h e  

c u t t i n g  r i n g  care must be  t a k e n  t h a t  t h e  s o i l  f i t  c l o s e l y  t o  t h e  s i d e s  o f  t h e  



4.12. The p r e p a r a t i o n  o f  t h e  sample  o f  f r o z e n  s o i l ,  i ts s t o r a g e ,  t r a n s f e r  

t o  t h e  c u t t i n g  r i n g  of t h e  t e s t i n g  d e v i c e ,  and  t h e  a p p l i c a t i o n  o f  l o a d s ,  is 

c a r r i e d  o u t  i n  a c o l d  environment  which h a s  a n e g a t i v e  a i r  t e m p e r a t u r e ,  a t  a 
0 

t e m p e r a t u r e  o f  n o t  more t h a n  minus 2-3 C (when t h e  samples  q u i c k l y  thaw 

d u r i n g  p r o c e s s i n g ) ,  and n o t  less t h a n  minus 8 - 1 0 ' ~  (when i t  is d i f f i c u l t  t o  

work t h e  s o i l .  These c o n d i t i o n s  a r e  met i n  n a t u r a l  and man-made c o l d  rooms and 

f i e l d  l a b o r a t o r i e s  which a r e  excava ted  o u t  o f  p e r m a f r o s t  ( s e e  F i g u r e  1 ) .  

T a b l e  24 

a- Log o f  i n i t i a l  d a t a  on f r o z e n  s o i l  samples  p r i o r  t o  t e s t i n g ;  

b- S o i l  t y p e ,  by name; c- L o c a t i o n ,  d e p t h ,  and d a t e  o f  sampl ing ;  

d- Type o f  c r y o g e n i c  s t r u c t u r e ;  e- Labora to ry  No.; f -  Number o f  t h e  r i n g  

(we igh ing  b o t t l e )  o f  t h e  cup; g- Weight o f  t h e  r i n g  (weighing b o t t l e )  o f  

t h e  cup ;  h- I n n e r  d i a m e t e r  o f  t h e  r i n g ,  i n  cm; i- Area o f  t h e  sample ,  i n  

2  
cm ; j- Height  o f  t h e  sample  p r i o r  t o  t e s t i n g ,  i n  mm; k- a v e r a g e  v a l u e ;  

1- Volume o f  t h e  sample  p r i o r  t o  t e s t i n g ,  i n  cm3; m- Weight o f  t h e  

sample w i t h  t h e  r i n g ,  i n  g ;  n- Weight o f  t h e  sample ,  i n  g  



4.13. It is recommended t h a t  p r e p a r e d  s o i l  s a m p l e s  b e  s t o r e d  p r i o r  t o  

t e s t i n g  i n  a room where  t h e  t e m p e r a t u r e  is  below f r e e z i n g  and  where  t h e  

r e l a t i v e  h u m i d i t y  o f  t h e  a i r  is c o n s t a n t ,  b u t  f o r  n o t  l o n g e r  t h a n  f i v e  d a y s .  

I n  o r d e r  t o  p r e v e n t  t h e  samples  from d r y i n g  o u t ,  t h e y  s h o u l d  be  wrapped i n  

s h e e t  r u b b e r  o r  p o l y e t h y l e n e .  I t  is a l s o  p o s s i b l e  t o  c o a t  t h e  sample  w i t h  

r u b b e r  cemen t ,  which forms a t h i n  l a y e r  o f  r u b b e r  a f t e r  it  d r i e s ,  f i t t i n g  

c l o s e l y  t o  t h e  s u r f a c e  o f  t h e  sample  and p r e v e n t i n g  i t  from d r y i n g  o u t .  The 

sample  is s t o r e d ,  a t  a c o n s t a n t  t e m p e r a h r e  and  r e l a t i v e  h u m i d i t y  o f  t h e  a i r ,  

e i t h e r  r i g h t  i n  t h e  room where it  is t o  be  t e s t e d  o r  i n  a n  u l t r a t h e r m o s t a t ,  

r e f r i g e r a t o r ,  o r  r e f r i g e r a t i o n  chamber. 

4.14. P r i o r  t o  t e s t i n g ,  t h e  p r e p a r e d  s o i l  s ample  is k e p t  a t  a c o n s t a n t  

t e m p e r a t u r e  which is e q u a l  t o  t h e  s u b s e q u e n t  t e s t i n g  t e m p e r a t u r e  ( f o r  n o t  less 

t h a n  6  h o u r s  i n  t h e  case o f  sandy  s o i l ,  and  n o t  less t h a n  24 h o u r s  i n  t h e  case 

o f  c l a y e y  s o i l ) .  

4.15. For  e a c h  s o i l  s a m p l e ,  a d e t e r m i n a t i o n  is made o f  t h e  i n i t i a l  

( p r e - t e s t )  and  f i n a l  ( p o s t - t e s t )  v a l u e s  o f  t h e  u n i t  w e i g h t  and t h e  m o i s t u r e  

c o n t e n t  and  a l s o ,  f o r  e a c h  s o i l  t y p e ,  o f  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  t h e  

s a l i n i t y ,  and t h e  s p e c i f i c  g r a v i t y ,  as well as t h e  p l a s t i c  p r o p e r t i e s ,  which 

are needed i n  o r d e r  t o  g i v e  a g e n e r a l  d e s c r i p t i o n  and t o  s p e c i f y  t h e  s o i l  t y p e  

by name. 

The r e s u l t s  o f  t h e  d e t e r m i n a t i o n s  are r e c o r d e d  i n  t h e  l o g  book ( T a b l e s  1, 

2 4 ,  2 5 ) .  

EXPERIMENTAL REQUIREMENTS 

4.16. The t e s t i n g  o f  f r o z e n  s o i l  s a m p l e s  is c a r r i e d  o u t  i n  a room o r  

chamber i n  which t h e  n e g a t i v e  t e m p e r a t u r e  and  t h e  r e l a t i v e  h u m i d i t y  o f  t h e  a i r  

are c o n s t a n t  t h r o u g h o u t  t h e  e n t i r e  e x p e r i m e n t .  

Dur ing  t e s t i n g  o n l y  a s l i g h t  d e v i a t i o n  o f  t h e  t e m p e r a t u r e  from t h a t  

s p e c i f i e d  f o r  t h e  e x p e r i m e n t  is  p e r m i t t e d .  I n  t h e  c a s e  o f  s andy  and c l a y e y  

s o i l s  which are i n  a p l a s t i c  f r o z e n  c o n d i t i o n ,  t h e  t e m p e r a t u r e  is p e r m i t t e d  t o  

d e v i a t e  by - +O.OlOc, and  when t h e  same s o i l s  are s o l i d l y  f r o z e n  t h e  p e r m i t t e d  

d e v i a t i o n  is - +0 . ~ O C .  
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a- De te rmina t ion  d a t a  o f  t h e  p h y s i c a l  i n d i c a t o r s  o f  f r o z e n  s o i l  samples  

a f t e r  t e s t i n g ;  b- Labora to ry  No. o f  t h e  sample;  c- Heigh t  o f  t h e  sample 

3 a f t e r  t e s t i n g ,  i n  mm; d- Volume o f  t h e  sample a f t e r  t e s t i n g ,  i n  cm ; e- 

Weight o f  sample w i t h  r i n g ,  i n  g ;  f -  b e f o r e  d r y i n g ;  g- a f t e r  d r y i n g ;  h- 

Weight o f  t h e  d r y  sample ,  i n  g ;  i- Weight o f  t h e  m o i s t  sample ,  i n  g  

Note. Dur ing prolonged t e s t i n g  o f  s o i l s ,  when f o r  t e c h n i c a l  r e a s o n s  i t  is  - 
d i f f i c u l t  t o  m a i n t a i n  a  c o n s t a n t  t e m p e r a t u r e  th roughout  t h e  e n t i r e  exper iment  , 
t h e  t e m p e r a t u r e  is p e r m i t t e d  t o  d r o p  f o r  a  s h o r t  t i m e  (2-3 h o u r s ) ,  b u t  by n o t  

more t h a n  one d e g r e e ,  and wi th  t h e  p r o v i s i o n  t h a t  t h e  s p e c i f i e d  t e m p e r a t u r e  be  

r e e s t a b l i s h e d  and main ta ined  f o r  t h e  l e n g t h  o f  t i m e  n e c e s s a r y  f o r  d e f o r m a t i o n  

t o  s t a b i l i z e .  

4.17. The t e s t i n g  t e m p e r a t u r e  o f  t h e  f r o z e n  s o i l  sample is s e t  i n  

accordance  w i t h  t h e  e x p e r i m e n t a l  r e q u i r e m e n t s .  When no  t e m p e r a t u r e  is 

s p e c i f i e d  f o r  t h e  l a b o r a t o r y  work i t  i s  recommended t h a t  t h e  t e s t i n g  be c a r r i e d  

o u t  a t  two t e m p e r a t u r e s :  

a )  t h e  t e m p e r a t u r e  which c o r r e s p o n d s  t o  t h e  n a t u r a l  t e m p e r a t u r e  o f  t h e  s o i l  

a t  t h e  d e p t h  o f  z e r o  a n n u a l  a m p l i t u d e ,  l o c a t e d  a t  a  dep th  o f  10 m ( e d i t o r s *  

n o t e )  ; 

* E d i t o r s  n o t e :  Depth o f  z e r o  a n n u a l  a m p l i t u d e  - t h e  d i s t a n c e  from t h e  ground 
s u r f a c e  downward t o  t h e  p o i n t  benea th  which t h e r e  is v i r t u a l l y  no a n n u a l  
f l u c t u a t i o n  i n  ground t e m p e r a t u r e  ( a n  a n n u a l  change o f  l e s s  t h a n  0.10C). The 
dep th  o f  z e r o  a n n u a l  ampl i tude  r a n g e s  w i d e l y ,  b u t  g e n e r a l l y  l i e s  between 10  and 
20 m depending upon c l i m a t i c  and t e r r a i n  c o n d i t i o n s  such a s  a m p l i t u d e  o f  a n n u a l  
s u r f a c e  t e m p e r a t u r e  v a r i a t i o n ,  v e g e t a t i o n ,  snow c o v e r ,  c h a r a c t e r i s t i c s  o f  t h e  

s o i l  i n c l u d i n g  e f f e c t i v e  the rmal  d i f f u s i v i t y .  The t e m p e r a t u r e  a t  t h e  d e p t h  ( o r  
l e v e l )  o f  z e r o  and a m p l i t u d e  r a n g e s  from a b o u t  -O. l °C a t  t h e  d i s t a l  l i m i t  o f  
t h e  pe rmaf ros t  r e g i o n  t o  a b o u t  -200C i n  t h e  ext reme p o l a r  r e a c h e s  o f  t h e  
c o n t i n u o u s  p e r m a f r o s t  zone.  



b )  t h e  t e m p e r a t u r e  which c o r r e s p o n d s  t o  t h e  maximum mean a n n u a l  t e m p e r a t u r e  

o f  t h e  s o i l ,  a v e r a g e d  o v e r  t e n  y e a r s ,  a t  a d e p t h  o f  1 m f rom t h e  uppe r  

boundary  o f  t h e  pe rmanen t ly  f r o z e n  l a y e r  ( p e r m a f r o s t  t a b l e ) .  

4.18. It is n o t  p e r m i s s i b l e  t o  t e s t  a  s ample  o f  f r o z e n  s o i l  on equ ipmen t  

whose t e m p e r a t u r e  is  above  O'C. P r i o r  t o  e a c h  t e s t ,  t h e  a p p a r a t u s  is k e p t  

f o r  a a t  leas t  2  h o u r s  i n  a c o l d  chamber a t  a  n e g a t i v e  t e m p e r a t u r e  which is  

e q u a l  t o  t h e  s u b s e q u e n t  t e s t i n g  t e m p e r a t u r e .  

4.19. P r i o r  t o  t h e  s t a r t  o f  e v e r y  t e s t ,  t h e  e x p e r i m e n t a l  s e t u p  is checked  

and h o r i z o n t a l l y  a l i g n e d .  The h o r i z o n t a l  a l i g n m e n t  o f  t h e  s e t u p  is  a c h i e v e d  

w i t h  t h e  a i d  o f  s p e c i a l  l e v e l l i n g  screws, a l e v e l ,  a n d  a  plumb l i n e .  

4.20. The a s sembled  t e s t i n g  a p p a r a t u s  must  be  c a l i b r a t e d ,  i.e. i t  is  

n e c e s s a r y  t o  d e t e r m i n e  its own d e f o r m a t i o n  unde r  t h e  p r o j e c t e d  l o a d s  a t  t h e  

t e s t  t e m p e r a t u r e .  The c a l i b r a t i o n  is c a r r i e d  o u t  t h r e e  times i n  a c c o r d a n c e  

w i t h  t h e  a c c e p t e d  methodology f o r  i n s t r u m e n t s  u sed  f o r  t e s t i n g  u n f r o z e n  s o i l .  

4 .21.  P r i o r  t o  t h e  s t a r t  o f  e v e r y  t e s t ,  i n  o r d e r  t o  a c h i e v e  t h e  b e s t  

c o n t a c t  between t h e  l o a d i n g  c a p ,  t h e  s a m p l e ,  and  t h e  b a s e  o f  t h e  a p p a r a t u s ,  t h e  

f r o z e n  s o i l  sample  is compressed .  Samples h a v i n g  a t e m p e r a t u r e  h i g h e r  t h a n  
0 

-2 C  are compressed  f o r  1 5  s e c o n d s  unde r  a l o a d  which  is e q u a l  t o  t h e  maximum 
0 

f o r c e  a p p l i e d  d u r i n g  t h e  t e s t ;  s amples  which h a v e  a t e m p e r a t u r e  below -2 C  

are compressed  f o r  30 s e c o n d s ,  a l s o  u n d e r  a l o a d  e q u a l  t o  t h e  maximum f o r c e  

a p p l i e d  d u r i n g  t h e  tes t .  Dur ing  t h i s  i n i t i a l  c o m p r e s s i o n ,  t h e  l o a d i n g  c a p  must 

b e  r o t a t e d  90' a b o u t  i t s  a x i s  ( f o u r  t i m e s ) ,  u n t i l  it is a t  i ts  s t a r t i n g  

p o s i t i o n .  T h i s  i n i t i a l  compress ion  is  c a r r i e d  o u t  i n  a room w i t h  a  n e g a t i v e  

a i r  t e m p e r a t u r e .  

COMPRESSIBILITY OF FROZEN SOILS 

4.22. C e r t a i n  t y p e s  o f  f r o z e n  s o i l s ,  unde r  c e r t a i n  c o n d i t i o n s ,  e x h i b i t  

t h e  p r o p e r t y  o f  c o m p r e s s i b i l i t y .  The c a l c u l a t i o n s  f o r  f o o t i n g s  which are 

composed o f  c o m p r e s s i b l e  s o i l s  are based  on  t h e  second  c r i t i c a l  s t a t e  o f  

s t a b i l i t y ,  ( i . e .  on  t h e  b a s i s  o f  d e f o r m a t i o n s ) .  

The c o m p r e s s i b i l i t y  o f  f r o z e n  s o i l  is u n d e r s t o o d  t o  mean its compact ion  

w i t h o u t  t h e  p o s s i b i l i t y  o f  l a t e ra l  e x p a n s i o n ,  which is  caused  .unde r  i s o t h e r m a l  

c o n d i t i o n s  by t h e  a c t i o n  o f  a  c o m p r e s s i n g  l o a d .  

4.23. A l l  v a r i e t i e s  o f  p l a s t i c  f r o z e n  s o i l s  ( T a b l e  2 6 ) ,  as w e l l  a s  

s o l i d l y  f r o z e n  i c e - r i c h  s o i l s ,  may b e  c l a s s i f i e d  as c o m p r e s s i b l e  f r o z e n  s o i l s .  
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P l a s t i c  f r o z e n  s o i l s  

. The d a t a  i n  Tab le  26 a r e  f o r  n o n - s a l i n e  s o i l s  ( s e e  S e c t i o n  2 .70)  h a v i n g  

S o i  1 

Powdery sand 

Sandy loam 

Loam 

Clay 

a n  i c e  c o n t e n t  I C . 6  0.4. 
1 

- - -- 

S o i l  t e m p e r a t u r e ,  'C above 

-0.3 

-0.6 

- 1 

-1.5 

4.24. The main i n d i c a t o r s  which d e s c r i b e  t h e  c o m p r e s s i b i l i t y  o f  f r o z e n  

s o i l s  a r e  t h e  c o m p r e s s i b i l i t y  c o e f f i c i e n t  ai and t h e  modulus o f  de fo rmat ion  

E i ,  which depend on t h e  t e m p e r a t u r e  o f  t h e  f r o z e n  s o i l  and on t h e  d u r a t i o n  o f  

t h e  l o a d .  

4.25. Those f r o z e n  s o i l s  a r e  c o n s i d e r e d  t o  be c o m p r e s s i b l e  which have a  

c o m p r e s s i b i l i t y  c o e f f i c i e n t  a i  > 0.005 cmL/kg o r  a  modulus o f  de fo rmat ion  

E; < 200 kg/cm2 under t h e  a c t i o n  o f  normal p r e s s u r e s  which do n o t  exceed t h e  

v i l u e  o f  t h e  s t a n d a r d  r e s i s t a n c e  o f  f r o z e n  s o i l s  t o  normal p r e s s u r e  R~ ( s e e  

T a b l e  i n  c h a p t e r  6  o f  C o n s t r u c t i o n  S t a n d a r d s  and R e g u l a t i o n s  11-B.6-66 and 

s e c t i o n  4.125 o f  t h e  p r e s e n t  handbook).  

4.26. The c h a r a c t e r i s t i c s  o f  t h e  c o m p r e s s i b i l i t y  o f  f r o z e n  s o i l  a r e  

de te rmined  on t h e  b a s i s  o f  test  r e s u l t s  o f  s o i l  under s t a t i c  l o a d s  ( c r e e p  

compress ion t e s t s ) ,  which a r e  c a r r i e d  o u t  under  f i e l d  c o n d i t i o n s ,  o r  on t h e  

b a s i s  o f  s o i l  compress ion t e s t s  c a r r i e d  o u t  i n  t h e  l a b o r a t o r y .  

4.27. A t  t h e  p r e s e n t  t ime  t h e  s t a t i c  l o a d  method o f  t e s t i n g  f r o z e n  s o i l s  

is l i m i t e d  i n  its a p p l i c a t i o n ;  t h e  t e s t i n g  o f  f r o z e n  s o i l  i n  c r e e p  is l a b o r i o u s  

inasmuch as it i n v o l v e s  t h e  need t o  keep t h e  s o i l  and t h e  s u r r o u n d i n g  a i r  a t  a  

n e g a t i v e  t e m p e r a t u r e  over  t h e  c o u r s e  o f  a l o n g  p e r i o d  o f  time. It is 

recommended t h a t  t h i s  method be  used o n l y  i n  e x c e p t i o n a l  c a s e s  d u r i n g  

g e o l o g i c a l  e n g i n e e r i n g  s u r v e y s  f o r  e s p e c i a l l y  i m p o r t a n t  b u i l d i n g s  and 

s t r u c t u r e s ,  and o n l y  when such t e s t i n g  is s p e c i a l l y  provided f o r .  



4.28. The compress ion  t e s t i n g  method is w i d e l y  a p p l i c a b l e  as t h e  s i m p l e s t  

and  most s u i t a b l e  f o r  work i n  permanent  l a b o r a t o r i e s .  I n  t h i s  t e s t ,  a sample  

o f  f r o z e n  s o i l  is compressed ,  w i t h o u t  t h e  p o s s i b i l i t y  o f  la tera l  e x p a n s i o n ,  by 

t h e  a p p l i c a t i o n  o f  i n c r e m e n t a l l y  i n c r e a s i n g  l o a d s .  

Note. The compress ion  method o f  t e s t i n g  f r o z e n  s o i l s ,  i n  c o n t r a s t  t o  i t s  

u s e  f o r  u n f r o z e n  s o i l s ,  p roduces  s a t i s f a c t o r y  r e s u l t s  b e c a u s e  t h e  f r i c t i o n  

between t h e  f r o z e n  s o i l  and t h e  walls o f  t h e  a p p a r a t u s  is  i n s i g n i f i c a n t  and 

t h e r e  is  no  d i s t u r b a n c e  t o  t h e  n a t u r a l  s t r u c t u r e  o f  t h e  s o i l ,  which may have  

been t a k e n  from any d e p t h .  

APPARATUS 

4.29. The equipment  which is used  f o r  t h e  compress ion  t e s t i n g  o f  f r o z e n  

s o i l  is  similar t o  t h e  c o n s o l i d a t i o n  a p p a r a t u s  which is i n t e n d e d  f o r ,  

non-f rozen s o i l s ,  and compr i ses  t h r e e  main p a r t s  - an oedometer  o r  some o t h e r  

a p p a r a t u s  i n  which t h e  f r o z e n  s o i l  is compressed ,  a l e v e r  p r e s s ,  t h r o u g h  which 

t h e  l o a d  is a p p l i e d  t o  t h e  s a m p l e ,  and measur ing  equ ipmen t ,  i n c l u d i n g  gauges  

and r e c o r d e r s .  Every component o f  a compress ion  a p p a r a t u s  which is t o  b e  u s e d  

f o r  t e s t i n g  f r o z e n  s o i l  must meet s t r i c t  t e c h n i c a l  s t a n d a r d s .  

F i g u r e  11. Schemat i c  d i ag ram o f  a p p a r a t u s  f o r  d e t e r m i n i n g  t h e  c o m p r e s s i b i l i t y  

o f  f r o z e n  s o i l  

1- s o i l  sample ;  2- c u t t i n g  r i n g ;  3- r e t a i n i n g  r i n g ;  4- g u i d e  c y l i n d e r  

( y o k e ) ;  5- p e r f o r a t e d  b a s e ;  6- p e r f o r a t e d  l o a d i n g  c a p ;  7- g a u g e s ;  8- 

s u p p o r t s  f o r  gauges ;  9- moveable b r a c k e t ;  10- b a l l  b e a r i n g  f o r  t h e  p o i n t  

t r a n s m i s s i o n  o f  t h e  l o a d  



4.30. The compress ion  a p p a r a t u s  - oedometer  ( F i g u r e  1 1 )  must  s a t i s f y  t h e  

f o l l o w i n g  r e q u i r e m e n t s :  

a )  t h e  p a r t s  of  t h e  a p p a r a t u s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  l o a d i n g  c a p  and  t h e  

c u t t i n g  r i n g ,  must  be  made o u t  o f  p l e x i g l a s s ,  whose low t h e r m a l  

c o n d u c t i v i t y  makes it p o s s i b l e  t o  m a i n t a i n  t h e  s o i l  s ample  a t  a c o n s t a n t  

t e m p e r a t u r e  d e s p i t e  small f l u c t u a t i o n s  i n  t h e  s u r r o u n d i n g  t e m p e r a t u r e ;  
0 

Note.  When t e s t i n g  f r o z e n  s o i l  s a m p l e s  whose t e m p e r a t u r e  is below -2 C 

i t  is p e r m i s s i b l e  t o  u s e  oedomete r s  which are made o u t  o f  m e t a l  ( f o r  

example o u t  o f  s t a i n l e s s  s t e e l ) .  

b )  t h e  d e f o r m a t i o n  g a u g e s  must  b e  l o c a t e d  r i g h t  on t h e  l o a d i n g  c a p  o r  on t h e  

b a s e  o f  t h e  oedomete r ,  i n  o r d e r  t o  e x c l u d e  p o s s i b l e  a d d i t i o n a l  e r r o r s ;  

c )  t h e  s i z e  o f  t h e  o p e n i n g s  i n  t h e  p e r f o r a t e d  l o a d i n g  c a p  and b a s e  o f  t h e  

oedometer  s h o u l d  n o t  be g r e a t e r  t h a n  0.5 mm, and t h e  c l e a r a n c e  between t h e  

l o a d i n g  c a p  and t h e  c u t t i n g  r i n g  must b e  smaller t h a n  0 . 1  mm,  which 

e l i m i n a t e s  t h e  p o s s i b i l i t y  o f  p l a s t i c  e x t r u s i o n  o f  t h e  ice; 

d )  t h e  c u t t i n g  r i n g s  o f  t h e  oedometer  must be  manufac tu red  o u t  o f  s t a i n l e s s  

s t ee l  whose t h i c k n e s s  is  a t  leas t  0.04 times t h e  d i a m e t e r  o f  t h e  r i n g .  

S i n c e  t h e y  are t o  be u s e d  as c u t t e r s ,  t h e  o u t s i d e  o f  one  r i m  o f  t h e  r i n g s  

must  b e  b e v e l l e d  

e )  t h e  h e i g h t  o f  t h e  c u t t i n g  r i n g  must  b e  less t h a n  1 / 3  o f  its i n n e r  d i a m e t e r  

when t e s t i n g  f r o z e n  s o i l s  w i t h  m a s s i v e ,  t h  i n l y - l a y e r e d  , o r  small-mesh 

r e t i c u l a t e  s t r u c t u r e  and a m o i s t u r e  c o n t e n t  o f  less t h a n  5 0 5 ,  b u t  when 

t e s t i n g  samples  h a v i n g  l a y e r e d  and r e t i c u l a t e  s t r u c t u r e  and a m o i s t u r e  

c o n t e n t  g r e a t e r  t h a n  50% t h e  h e i g h t  o f  t h e  r i n g  must  be g r e a t e r  t h a n  1 / 3  

o f  i ts  d i a m e t e r ,  b u t  n o t  more t h a n  2 / 3  o f  t h e  d i a m e t e r ;  

f )  t h e  i n n e r  d i a m e t e r  o f  t h e  c u t t i n g  r i n g s  must  b e  8.74 o r  11.3 cm, which 
2  

e n s u r e s  t h a t  s amples  h a v i n g  a s t a n d a r d  s u r f a c e  a r e a  (60  o r  100 cm ) when 

t e s t e d .  

4.31. The l e v e r  p r e s s  which is t o  be  u s e d  f o r  t e s t i n g  t h e  f r o z e n  s o i l  is 

s e l e c t e d  on t h e  b a s i s  o f  t h e  maximum proposed l o a d .  I n  t h e  case o f  s o i l  

s a m p l e s  o f  t h e  u s u a l  s i z e ,  t h i s  l o a d  can  b e  a p p l i e d  by 0.5-1.5 t o n n e  p r e s s e s .  

It is recommended t h a t  p r e s s e s  be  used  i n  which t h e  l o a d  is t r a n s m i t t e d  by way 

o f  a d o u b l e  s y s t e m  o f  l e v e r s  o r  w i t h  segmenfed l e v e r s  h a v i n g  a t o t a l  arm r a t i o  

o f  n o t  more t h a n  1:20.  T h i s  makes i t  p o s s i b l e  t o  u s e  a l i g h t  set  o f  w e i g h t s  

d u r i n g  t e s t i n g  . 



4.32. Compressive d e f o r m a t i o n s  o f  f r o z e n  s o i l  a r e  measured e i t h e r  by 

r e a d i n g  t h e  d i a l  gauges  o r  by means o f  a u t o m a t i c  r e c o r d e r s .  I n  v iew o f  t h e  

v e r y  s low rate o f  compact ion  o f  f r o z e n  s o i l ,  and s i n c e  c o m p r e s s i b i l i t y  must be  

mon i to red  o v e r  time, i t  is  recommended t h a t  mic romete r  measur ing  gauges  b e  u s e d  

which have  s c a l e  d i v i s i o n s  o f  a p p r o x i m a t e l y  0.002 mm. The d e f o r m a t i o n s  a r e  

measured  u s i n g  two gauges  which a r e  l o c a t e d  a l o n g  t h e  d i a m e t e r  o f  t h e  sample .  

4.33. The t e s t  samples  must p r e c i s e l y  match t h e  d imens ions  o f  t h e  c u t t i n g  

r i n g s ,  f o r  which r e a s o n  t h e  t o p  and  bo t tom s u r f a c e s  o f  t h e  sample  a r e  c a r e f u l l y  

trimmed w i t h  a s h a r p  s t r a i g h t - b l a d e d  k n i f e  and smoothed w i t h  f i n e  emery p a p e r .  

The t o p  and bot tom f a c e s  o f  t h e  sample  must  be  p a r a l l e l  t o  e a c h  o t h e r ,  which 

s h o u l d  be v e r i f i e d  by measur ing  t h e  h e i g h t  o f  t h e  sample  w i t h  t h e  a i d  o f  a  

s l i d e  c a l i p e r  t o  a n  a c c u r a c y  o f  0 .1  mm a t  least  s i x  d i f f e r e n t  p o i n t s .  

TEST PROCEDURE 

4.34.  The c o m p r e s s i b i l i t y  i n d i c e s  o f  t h e  f r o z e n  s o i l  are d e t e r m i n e d  on 

t h e  b a s i s  o f  t h e  measurement d a t a  o f  t h e  l i n e a r  d e f o r m a t i o n s  o f  t h e  sample .  

O t h e r  methods o f  d e t e r m i n i n g  d e f o r m a t i o n  ( changes  i n  p o r o s i t y  and w e i g h t )  are 

n o t  used .  

4.35. The compress ion  t e s t i n g  o f  s a m p l e s  o f  f r o z e n  s o i l  is c a r r i e d  o u t  i n  

a c o l d  room where t h e  n e g a t i v e  t e m p e r a t u r e  and t h e  r e l a t i v e  h u m i d i t y  o f  t h e  a i r  

are  c o n s t a n t .  I n  t h e  e v e n t  t h a t ,  f o r  t e c h n i c a l  r e a s o n s ,  it i s  n o t  p o s s i b l e  t o  

m a i n t a i n  a c o n s t a n t  t e m p e r a t u r e ,  a b r i e f  (2-3 h o u r s )  d r o p  i n  t h e  t e m p e r a t u r e  by 

n o t  more t h a n  lo is p e r m i t t e d ,  b u t  w i t h  t h e  p r o v i s o  t h a t  t h e  i n i t i a l  

t e m p e r a t u r e  b e  r e e s t a b l i s h e d  and m a i n t a i n e d  f o r  t h e  l e n g t h  o f  time n e c e s s a r y  

f o r  d e f o r m a t i o n  t o  s t a b i l i z e .  

4.36. P r i o r  t o  e v e r y  t e s t ,  t h e  compress ion  a p p a r a t u s  i s  c h e c k e d ,  care 

b e i n g  t a k e n  t h a t  t h e  o p e n i n g s  i n  t h e  l o a d i n g  c a p  and t h e  b a s e  pan are n o t  

c l o g g e d ,  and t h a t  t h e  moves f r e e l y  th rough  t h e  c u t t i n g  r i n g  ( e l l i p t i c i t y  c h e c k ) .  

4.37. Compression t e s t i n g  i s  c a r r i e d  o u t  unde r  i n c r e m e n t a l l y  i n c r e a s i n g  

l o a d s ,  e a c h  inc remen t  b e i n g  m a i n t a i n e d  u n t i l  d e f o r m a t i o n  h a s  s t a b i l i z e d .  

4.38. The number and magni tude  o f  t h e  l o a d  i n c r e m e n t s  i s  d e t e r m i n e d  by 

t h e  f r o z e n  s o i l  t y p e  and i ts  t e m p e r a t u r e :  

a)  sandy  s o i l s  a r e  l o a d e d  i n  i n c r e m e n t s  which i n c r e a s e  by 2-3 kg/cm2; 



0 b )  c l a y e y  s o i l s  ( l o a m ,  c l a y )  which  are a t  a t e m p e r a t u r e  be low  -1.5 C a r e  
2  

l o a d e d  i n  i n c r e m e n t s  i n c r e a s i n g  by 2-3 kg/cm , w h i l e  s o i l s  which are a t  
0 

a t e m p e r a t u r e  h i g h e r  t h a n  -1.5 C are l o a d e d  i n  i n c r e m e n t s  which  i n c r e a s e  

by  n o t  more  t h a n  1-2 kg/cmZ. 

4.39.  The  s i z e  o f  t h e  first  l o a d  which  is  a p p l i e d  is  t a k e n  t o  b e  e q u a l  t o  

t h e  n a t u r a l  p r e s s u r e  - M 

6 - HYo6 
, wher e  H - is t h e  d e p t h  a t  wh ich  t h e  s a m p l e  

M 
was t a k e n ,  a n d  y - i s  t h e  u n i t  w e i g h t  o f  t h e  f r o z e n  s o i l .  

06 
4.40. The  m a g n i t u d e  o f  t h e  las t  i n c r e m e n t a l  l o a d ,  i .e. t h e  maximum 

c o m p a c t i n g  p r e s s u r e ,  is  e q u a l  t o  t h e  p r e s e t  v a l u e .  I n  t h e  a b s e n c e  o f  a 

s p e c i f i c  p r e s e t  v a l u e ,  a t e n t a t i v e  v a l u e  for t h e  las t  i n c r e m e n t a l  l o a d  wh ich  is  

t o  b e  a p p l i e d  t o  t h e  s o i l  s a m p l e  is  t a k e n  t o  b e  t h e  v a l u e  o f  t h e  s t a n d a r d  

r e s i s t a n c e  o f  f r o z e n  s o i l  t o  n o r m a l  p r e s s u r e  as g i v e n  i n  T a b l e  6  o f  

C o n s t r u c t i o n  S t a n d a r d s  a n d  R e g u l a t i o n s  11-B.6-66. 

4.41. The  d e f o r m a t i o n  a n d  t h e  time are r e c o r d e d  f o r  e a c h  l o a d  i n c r e m e n t .  

Ea c h  s u c c e s s i v e  l o a d  i n c r e m e n t  is a p p l i e d  o n l y  after  t h e  d e f o r m a t i o n  from t h e  

p r e v i o u s  i n c r e m e n t  h a s  s t a b i l i z e d .  

4.42. D e f o r m a t i o n  is a r b i t r a r i l y  s a i d  t o  h a v e  s t a b i l i z e d  when it  d o e s  n o t  

i n c r e a s e  by  more t h a n  0.005 mm o v e r  t h e  f o l l o w i n g  time i n t e r v a l s :  i n  t h e  case 

o f  s a n d  - 6 h o u r s ,  i n  t h e  case o f  s a n d y  loam - 1 2  h o u r s ,  i n  t h e  c a s e  o f  c l a y  - 
24 h o u r s  . 

A n o t h e r  c r i t e r i o n  o f  t h e  s t a b i l i z a t i o n  o f  d e f o r m a t i o n  is t h e  m a g n i t u d e  o f  

t h e  i n c r e a s e  i n  t h e  d e f o r m a t i o n  w h i c h ,  d u r i n g  t h e  same time i n t e r v a l s ,  mus t  b e  

less t h a n  5 %  o f  t h e  t o t a l  d e f o r m a t i o n  wh ich  i s  a t t a i n e d  d u r i n g  t h e  g i v e n  l o a d  

i n c r e m e n t .  S t a b i l i z a t i o n  is s a i d  t o  h a v e  b e e n  a t t a i n e d  i f  t h e  a b o v e  c o n d i t i o n s  

are met o v e r  t h e  c o u r s e  o f  two  s u c c e s s i v e  time i n t e r v a l s .  

4.43. F o r  e a c h  i n c r e m e n t a l  l o a d ,  t h e  a p p l i e d  l o a d  ( f r o m  t h e  set o f  

w e i g h t s )  is d e t e r m i n e d  i n  k i l o g r a m s  as f o l l o w s :  

whe re  F - is  t h e  a r e a  o f  t h e  s o i l  s a m p l e ,  as c a l c u l a t e d  o n  t h e  b a s i s  o f  

the  i n n e r  d i a m e t e r  o f  t h e  c u t t i n g  r i n g ,  i n  cmz; 

N - is  t h e  r a t i o  o f  t h e  l e v e r  arms o f  t h e  a p p a r a t u s  ( f o r  e x a m p l e ,  

P - is  t h e  p r e s s u r e  o n  t h e  s o i l  s a m p l e ,  i n  kg/cmL. 



4.44. A s o i l  s ample ,  which h a s  been p r e p a r e d  i n  a c c o r d a n c e  w i t h  t h e  

recommendat ions  g i v e n  i n  s e c t i o n s  4.1-4.15 o f  t h i s  handbook,  i s  p l a c e d  i n t o  t h e  

oedomete r ,  t h e  l o a d i n g  c a p  is p o s i t i o n e d ,  and t h e  d e f o r m a t i o n  gauges  are 

a t t a c h e d .  The sample  is  t h e n  a l lowed  t o  rest  i n  t h e  oedometer  f o r  a t  least  1 

hour .  

4.45. C o n t r o l  r e a d i n g s  a r e  t a k e n  from t h e  i n d i c a t o r s ,  which have  been 

" s e t  t o  z e r o u ,  t h e  sample  i s  compressed  as s p e c i f i e d  i n  s e c t i o n  4 .21 ,  and  

c o n t r o l  r e a d i n g s  are t a k e n  once  a g a i n .  

4.46. A f t e r  t h e  sample  h a s  been compressed  t h e  gauges  are reset l t t o  z e r o t t  

and t h e  i n i t i a l  r e a d i n g s  are t a k e n .  The f i r s t  l o a d  is t h e n  a p p l i e d ,  a timer is  

s i m u l t a n e o u s l y  s w i t c h e d  o n ,  and s u c c e s s i v e  r e a d i n g s  a r e  t a k e n .  The o b s e r v a t i o n  

r e s u l t s  are r e c o r d e d  i n  a  l o g  ( T a b l e  2 7 ) .  

4.47. I t  i s  recommended t h a t  r e a d i n g s  be  t a k e n  a f t e r  1, 5 ,  1 0 ,  20 and 30 

m i n u t e s ,  t h e n  a f t e r  1, 3,  6 and 12  h o u r s ,  and s u b s e q u e n t l y  e v e r y  12 o r  24 h o u r s  

u n t i l  f u l l  s t a b i l i z a t i o n  h a s  been a c h i e v e d ,  as s p e c i f i e d  i n  s e c t i o n  4.42. T h i s  

o b s e r v a t i o n  r eg ime  is  fo l lowed  f o r  a l l  l o a d  i n c r e m e n t s  d u r i n g  each  t e s t .  

4.48. Dur ing  t e s t i n g ,  a t  t h e  same time t h a t  t h e  d e f o r m a t i o n  is  measured ,  

t h e  ambien t  a i r  t e m p e r a t u r e  is a l s o  measured ,  e i t h e r  by means o f  a u t o m a t i c  
0 

r e c o r d e r s  o r  manua l ly ,  u s i n g  a thermometer  w i t h  s c a l e  d i v i s i o n s  o f  0 . 1  . The 

p e r i o d i c  o b s e r v a t i o n s  make it p o s s i b l e  t o  react q u i c k l y  t o  f l u c t u a t i o n s  o f  t h e  

t e m p e r a t u r e  away from i ts  s p e c i f i e d  v a l u e .  The o b s e r v a t i o n  d a t a  are r e c o r d e d  

i n  t h e  l o g  ( T a b l e  2 7 ) .  

4.49. Once de fo rma t ion  h a s  s t a b i l i z e d  a f t e r  t h e  a p p l i c a t i o n  o f  t h e  f i n a l  

l o a d  i n c r e m e n t ,  t h e  tes t  is c o n s i d e r e d  t o  be  comple ted .  The oedometer  is  

q u i c k l y  ( d u r i n g  t h e  c o u r s e  o f  a few m i n u t e s )  d i s a s s e m b l e d  i n  o r d e r  t o  p r e v e n t  

t h e  water which h a s  been s q u e e z e d  o u t  from f r e e z i n g .  The s o i l  s a m p l e ,  t o g e t h e r  

w i t h  t h e  c u t t i n g  r i n g ,  is  removed from t h e  oedometer .  I t  is recommended t h a t  

water which h a s  a p p e a r e d  on t h e  s u r f a c e  o f  t h e  sample  b e  b l o t t e d  w i t h  f i l t e r  

pape r .  The sample  is t h e n  weighed,  t o g e t h e r  w i t h  t h e  c u t t i n g  r i n g ,  t o  a n  

a c c u r a c y  o f  9 . 0 1  g  on  a c o u n t e r - b a l a n c e ,  which is  k e p t  i n  t h e  same room. 



T a b l e  27 

a- Data from o b s e r v a t i o n s  made d u r i n g  t h e  compress ion  t e s t i n g  o f  f r o z e n  

s o i l s ;  b- Date; c- Weight o f  t h e  s o i l  P ,  i n  kg;  d- P r e s s u r e  o i n  
2 

1 ' 
kg/cm ; e- Time a t  which r e a d i n g  was t a k e n ;  f -  h o u r s ;  g- m i n u t e s ;  h- 

Length  o f  time from t h e  moment a t  which t h e  g i v e n  l o a d  i n c r e m e n t  was 

a p p l i e d ;  i- T e s t  t e m p e r a t u r e  9 , i n  OC; j- Gauge r e a d i n g s ,  i n  mm; k- 

A b s o l u t e  d e f o r m a t i o n  o f  t h e  s o i l  and  t h e  a p p a r a t u s ,  i n  mm; 1- gauge I ;  m- 

gauge  11; n- a v e r a g e ;  o- a b s o l u t e  d e f o r m a t i o n  o f  t h e  s o i l ,  A ,  i n  mm; p- 

R e l a t i v e  d e f o r m a t i o n  o f  t h e  s o i l  6 ,  i n  % 

PROCESSING OF THE TEST DATA A N D  DETERMINATION 

OF THE CHARACTERISTICS OF COMPRESSIBILITY 

4.50. Using t h e  r e s u l t s  o f  t h e  measurements ,  which were c a r r i e d  o u t  i n  

a c c o r d a n c e  w i t h  s e c t i o n  4.33,  t h e  s t a r t i n g  h e i g h t  o f  t h e  sample  is d e t e r m i n e d  

t o  a n  a c c u r a c y  o f  s.1 mm. I t  is  c a l c u l a t e d  as t h e  a v e r a g e  a r i t h m e t i c  v a l u e  

( h H )  o f  t h e  number o f  measurements  ( n ) ,  t a k e n  w i t h  t h e  s l i d e  c a l i p e r  and 

u s i n g  t h e  fo rmula :  



Using t h e  de te rmined  d imens ions  o f  t h e  sample  o f  f r o z e n  s o i l  ( h e i g h t ,  

d i a m e t e r )  and t h e  r e s u l t s  o f  i t s  weighings  b e f o r e  and a f t e r  t h e  t e s t ,  t h e  

f o l l o w i n g  c h a r a c t e r i s t i c s  o f  t h e  s o i l  are c a l c u l a t e d :  t h e  u n i t  we igh t  o f  t h e  
0 

s o i l  yd; t h e  m o i s t u r e  c o n t e n t  W and t h e  ice c o n t e n t  I C .  
t '  

4.51. On t h e  b a s i s  o f  t h e  o b s e r v a t i o n s  which were made d u r i n g  t e s t i n g  

( T a b l e  27) ,  a d e t e r m i n a t i o n  is made o f  t h e  a b s o l u t e  d e f o r m a t i o n  o f  t h e  s o i l  and 

o f  t h e  a p p a r a t u s  ( i n  m m ) ,  t o  a n  a c c u r a c y  o f  t h r e e  dec imal  p l a c e s .  It is 

c a l c u l a t e d  as t h e  a v e r a g e  a r i t h m e t i c  v a l u e  o f  t h e  r e a d i n g s  o f  t h e  d i a l  gauges  

( o r  t h e  r e c o r d i n g s  from two a u t o m a t i c  measur ing d e v i c e s ) .  The a b s o l u t e  

de fo rmat ion  o f  t h e  s o i l  i t s e l f  is t h e n  c a l c u l 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  c o r r e c t i o n  f o r  t h e  c a l i b r a t i o n  o f  t h e  a p p a r a t u s  ( s e c t i o n  4 .20) .  

4.52.  For each l o a d ,  t h r o u g h o u t  t h e  time f o r  which i t  is a p p l i e d ,  t h e  

r e l a t i v e  de fo rmat ion  o f  t h e  s o i l  6=A/h is de te rmined  t o  a n  a c c u r a c y  o f  t h r e e  
H 

d e c i m a l  p l a c e s  o r  t o  one t e n t h  o f  one  p e r c e n t  6=Ah X100%, where A - is  t h e  
H 

a b s o l u t e  de fo rmat ion  o f  t h e  s o i l ,  i n  mm, and hH - is t h e  i n i t i a l  h e i g h t  o f  

t h e  sample ,  i n  mm. 

A l l  o f  t h e  c a l c u l a t i o n  r e s u l t s  are r e c o r d e d  i n  t h e  l o g  ( T a b l e  2 8 ) .  

4.53. Using t h e  logged d a t a  ( T a b l e  27) ,  t h e  f o l l o w i n g  c u r v e s  are 

c o n s t r u c t e d :  

a )  c o n s o l i d a t i o n  c u r v e s ,  i .e.  c u r v e s  o f  t h e  change i n  t h e  r e l a t i v e  

de fo rmat ion  o v e r  time, under  a c o n s t a n t  l o a d  ( F i g u r e  1 2 )  ; t h e s e  c u r v e s  a r e  

used t o  d e c i d e  whether  de fo rmat ion  h a s  s t a b i l i z e d  6 = f ( t )  a f t e r  each l o a d  

i n c r e m e n t ;  

b )  a compress ion c u r v e ,  i .e .  t h e  c u r v e  o f  t h e  r e l a t i v e  de fo rmat ion  a s  a 

f u n c t i o n  o f  t h e  l o a d  ( F i g u r e  1 3 )  6 = f ( p ) ,  c o n s t r u c t e d  u s i n g  t h e  r e s u l t s  

from a l l  o f  t h e  l o a d  inc rements .  

F i g u r e  12.  The dependence o f  t h e  magni tude o f  t h e  r e l a t i v e  d e f o r m a t i o n , &  , on 

t h e  time, t ,  d u r i n g  t h e  i n c r e m e n t a l  a p p l i c a t i o n  o f  l o a d s  t o  f r o z e n  s o i l  



F i g u r e  13.  The dependence o f  t h e  r e l a t i v e  de fo rmat ion  on t h e  p r e s s u r e ,  p ,  

( compress i o n  c u r v e  ) . 

4.54. The compression c u r v e  is c o n s t r u c t e d  u s i n g  t h e  f i n a l  de fo rmat ions  

o f  t h e  s o i l ,  i . e .  t h e  s t a b i l i z e d  d e f o r m a t i o n s  a t  t h e  end o f  each l o a d  
2 

i n c r e m e n t ,  t h e  p r e s s u r e  v a l u e ,  p (kg/cm ),  b e i n g  p l o t t e d  a l o n g  t h e  x - a x i s ,  

and t h e  r e l a t i v e  d e f o r m a t i o n ,  6 ( e x p r e s s e d  as a dec imal  f r a c t i o n ) ,  b e i n g  

p l o t t e d  a l o n g  t h e  y -ax i s .  

4.55. Using t h e  c u r v e  o f  t h e  r e l a t i v e  d e f o r m a t i o n ,  6 ,  a s  a f u n c t i o n  o f  

t h e  l o a d ,  p ,  t h e  v a l u e  o f  t h e  c o m p r e s s i b i l i t y  c o e f f i c i e n t ,  a o f  t h e  f r o z e n  
i ' 

s o i l  is determined.  With t h i s  a im,  t h e  compress ion c u r v e  is r e p l a c e d  w i t h  a 

broken l i n e  and t h e  v a l u e  o f  t h e  c o m p r e s s i b i l i t y  c o e f f i c i e n t ,  a o f  t h e  
i * 

f r o z e n  s o i l  is de te rmined  a s  t h e  i n c r e a s e  i n  t h e  r e l a t i v e  de fo rmat ion  o f  

compress ion,  A6 , a s  a f u n c t i o n  o f  t h e  magnitude o f  t h e  i n c r e a s e  i n  t h e  

p r e s s u r e ,  Ap. I n  t h i s  way, t h e  c o m p r e s s i b i l i t y  c o e f f i c i e n t ,  a 
i ' is  

n u m e r i c a l l y  e q u a l  t o  t h e  t a n g e n t  o f  t h e  i n c l i n a t i o n  t o  t h e  x - a x i s  o f  t h e  l i n e  

which i n t e r p o l a t e s  t h e  compress ion c u r v e  w i t h i n  t h e  l i m i t s  o f  a s e l e c t e d  

i n t e r v a l  o f  compact ing p r e s s u r e s  ( s e e  F i g u r e  1 3 ) :  

The p r e s s u r e  i n t e r v a l s ,  Ap,  and t h e  changes  i n  t h e  de fo rmat ion  o f  t h e  

s o i l ,  A & ,  which cor respond  t o  them a r e  de te rmined  g r a p h i c a l l y  and r e c o r d e d  i n  a 

l o g  ( T a b l e  28) .  



T a b l e  28 

a- R e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  t h e  magnitude o f  c o m p r e s s i b i l i t y  o f  
M 

f r o z e n  s o i l ;  b- T e s t  No.; c- S o i l ;  d- U n i t  we igh t  
'06' 

i n  g/cm3; e- 

M o i s t u r e  c o n t e n t ,  W,, i n  I ;  f-  P r e s s u r e  i n t e r v a l s  b p ,  i n  kg/cm2; g- 

The i n c r e a s e  i n  r e l a t i v e  de fo rmat ion  under  each  l o a d  inc rement  A6;  h- 

C o m p r e s s i b i l i t y  c o e f f i c i e n t  a 
2 

i ' i n  cm /kg;  i- Modulus o f  de fo rmat ion  
2 

Ei,  i n  kg/cm ; j- Remarks. 

4.56. The modulus o f  d e f o r m a t i o n ,  Ei, as t h e  i n v e r s e  v a l u e  o f  t h e  

c o m p r e s s i b i l i t y  c o e f f i c i e n t  , a  is c a l c u l a t e d  u s i n g  t h e  formula:  
i ' 

2 
2 P  . where B = 1- - 

1- P 
9 

P - is  t h e  c o e f f i c i e n t  o f  la tera l  expans ion  ( P o i s s o n ' s  r a t i o ) .  

I n  t h e  absence  o f  d a t a  on t h e  magni tude o f  t h e  c o e f f i c i e n t  o f  la tera l  

e x p a n s i o n ,  t h e  v a l u e  o f  B may b e  t a k e n  t o  be  0.8. 

COMPRESSIBILITY OF THAWING S O I L  

4.57. The c a l c u l a t i o n s  f o r  f o o t i n g s  which thaw dur.lng t h e  LLfetlrrre of  t h e  

b u i l d i n g s  and s t r u c t u r e s  which a r e  p l a c e d  on them are based on t h e  second 

c r i t i c a l  s t a t e  (on d e f o r m a t i o n s ) ,  u s i n g  f o r m u l a s  ( 2 8 )  and ( 3 1 )  i n  accordance  

w i t h  t h e  i n s t r u c t i o n s  g i v e n  i n  s e c t i o n s  5.35 and 5.36 o f  c h a p t e r  11-B.6-66 o f  

t h e  C o n s t r u c t i o n  S t a n d a r d s  and R e g u l a t i o n s .  These fo rmulae  i n c o r p o r a t e  an  

impor tan t  c h a r a c t e r i s t i c  o f  thawing f r o z e n  s o i l  which is  c a l l e d  r e l a t i v e  

compression.  



4.58. The r e l a t i v e  compress ion  o f  thawing  p e r m a f r o s t  is u n d e r s t o o d  t o  

mean t h e  s e t t l e m e n t  which is a t t r i b u t e d  t o  t h e  s i n g l e  t h i c k n e s s  o f  t h e  s o i l  

l a y e r  which is s p e c i f i e d  by t h e  m e l t i n g  o f  ice i n c l u s i o n s  and t h e  compact ion  o f  

thawed s o i l  under  t h e  a c t i o n  o f  a compress ive  l o a d .  

4.59. The v a l u e  o f  t h e  r e l a t i v e  compress ion  o f  p e r m a f r o s t  is d e t e r m i n e d  

u s i n g  t h e  formula :  

6 .  = A  + a  u 
1 i i i  ' (56 

where A - is t h e  d i m e n s i o n l e s s  c o e f f i c i e n t  o f  thawing ,  which depends  
i 

e x c l u s i v e l y  on  t h e  volume o f  ice i n c l u s i o n s  i n  t h e  s o i l .  It 

c h a r a c t e r i z e s  t h e  s e t t l e m e n t  o f  t h a w i n g  a s i n g l e  l a y e r  o f  f r o z e n  

s o i l  which is  n o t  under  p r e s s u r e ;  

a - is  t h e  c o e f f i c i e n t  o f  c o m p r e s s i b i l i t y  o r  compact ion  o f  thawing  
i 

s o i l  which is under  a l o a d .  I t  is  e q u a l  t o  t h e  r e l a t i v e  

S 2 s e t t l e m e n t  p e r  u n i t  o f  p r e s s u r e ,  i .e.  a =-, i n  c m  / kg ;  
i Ho,P 

u - is  t h e  p r e s s u r e  i n  kg/cm2 which ,  i n  t h e  t e s t ,  must e q u a l  t h e  
i 

p r e s s u r e  w i t h i n  t h e  i - t h  l a y e r  o f  thawing  s o i l  o f  t h e  f o o t i n g s  

and which depends  on t h e  we igh t  o f  t h e  o v e r l y i n g  s o i l  and t h e  

e x t e r n a l  l o a d .  

4.60. The c o e f f i c i e n t s  
A i 

and a 
i ' which c h a r a c t e r i z e  t h e  

c o m p r e s s i b i l i t y  o f  thawing  s o i l ,  can  be  de te rmined  under  f i e l d  c o n d i t i o n s  by 

u s i n g  h o t  l o a d i n g  p l a t e s ,  o r  unde r  l a b o r a t o r y  c o n d i t i o n s  by t h e  method o f  

compress ion  t e s t i n g .  

4.61. The f i e l d  t e s t i n g  method is t h e  main way o f  d e t e r m i n i n g  t h e  

c o m p r e s s i b i l i t y  c h a r a c t e r i s t i c s  
A i 

and  a o f  thawing  s o i l .  The v a l u e s  o f  
i 

A i  and  a which are o b t a i n e d  by t h e  f i e l d  t e s t i n g  o f  s o i l  a r e  t h e  a v e r a g e  
i 

v a l u e s  f o r  t h e  l a y e r s  o f  t h e  l i t h o l o g i c a l  s e c t i o n .  The f i e l d  method can  be  

u s e d  f o r  a l l  s o i l  t y p e s  b u t ,  b e c a u s e  o f  t h e  d i f f i c u l t i e s  which a r e  i n v o l v e d ,  it 

is used c h i e f l y  f o r  d e t e r m i n i n g  t h e  c o m p r e s s i b i l i t y  o f  thawing  broken bedrock ,  

m a c r o c l a s t i c ,  and  i c e - r i c h  f r o z e n  s o i l s .  

The method o f  compress ion  t e s t i n g  o f  thawing  s o i l  is  recommended f o r  u s e  

w i t h  t h e  s o i l s  s p e c i f i e d  i n  s e c t i o n  4.1. 



FIELD METHOD 

P l a t e  l o a d i n g  equipment 

4.62. The de fo rmat ion  c h a r a c t e r i s t i c s  o f  thawing s o i l  a r e  de te rmined  

d i r e c t l y  a t  t h e  c o n s t r u c t i o n  s i t e ,  i n  a  s p e c i a l l y  equipped tes t  p i t ,  and u s i n g  

a  s p e c i a l  a p p a r a t u s .  

4.63. I n  o r d e r  t o  tes t  s o i l  i n  a  t e s t  p i t  u s e  is  made o f  r i g i d  s q u a r e  o r  
2  

round l o a d i n g  p l a t e s  w i t h  an  a r e a  o f  a t  l e a s t  5000 c m  . The r e l a t i v e l y  l a r g e  

s i z e  o f  t h e  l o a d i n g  p l a t e  is n e c e s s i t a t e d  by t h e  need t o  t a k e  i n t o  a c c o u n t  t h e  

c r y o g e n i c  s t r u c t u r e  o f  s o i l  which c o n t a i n s  ice and l a r g e  i n c l u s i o n s  o f  

macroc las  t i c  s o i l s .  

4.64. The d e s i g n  o f  t h e  l o a d i n g  p l a t e s  must be such  t h a t  i t  can be  h e a t e d  

by means o f  e l e c t r i c i t y ,  h o t  w a t e r ,  o r  gas .  The s i m p l e s t  and most e f f i c i e n t  

l o a d i n g  p l a t e  d e s i g n  is  t h e  one i n  which i t  is h e a t e d  e l e c t r i c a l l y  ( F i g u r e  

1 4 ) .  The power which is  r e q u i r e d  f o r  a  5000 cm2 l o a d i n g  p l a t e  s h o u l d  b e  6-7 

kw, i n  o r d e r  t o  p rov ide  a s o i l  thawing r a t e  which is  comparable t o  t h a t  which 

i s  observed  under  n a t u r a l  c o n d i t i o n s .  

F i g u r e  14. P l a t e  l o a d i n g  w i t h  elec t r ica l  h e a t i n g  

1- p l a t e ;  2- l a t e r a l  s u r f a c e  o f  t h e  p l a t e ;  3- cover ;  4- s u p p o r t ;  5- 

p e d e s t a l ;  6- r i b  (100x360 mm); 7- r i b  (100x255 mm); 8- c a p ;  9- h a n d l e ;  10- 

p o r c e l a i n  r o l l e r ;  11- p o r c e l a i n  p i p e ;  12- c o i l  o f  t h e  e l e c t r i c a l  h e a t e r ,  

t o t a l  power 6-7 kw; 13- a s b e s t o s  



4.65. It is d e s i r a b l e  t o  u s e  two l o a d i n g  p l a t e s  t o  t e s t  t h e  s o i l  i n  a 

t e s t  p i t  i n  o r d e r  t o  d e t e c t  uneven s e t t l e m e n t  a t  t h e  s i te .  When working w i t h  a 

s i n g l e  l o a d i n g  p l a t e  t h e  c r o s s  s e c t i o n  o f  t h e  p i t  i n  p lan  i s  2.5X2.5 m ,  and 

2.5X4.5 when two p r e s s  t o o l s  a r e  used.  

4.66. The l o a d  is  a p p l i e d  t o  t h e  p l a t e  w i t h  t h e  a i d  o f  a  h y d r a u l i c  jack 

o r  any c a l i b r a t e d  load  (when u s i n g  a  weight  p l a t f o r m  o r  a l e v e r ) .  I n  t h e  

l a t t e r  c a s e ,  t h e  l o a d  is a p p l i e d  u s i n g  c o n c r e t e  b l o c k s  weighing up t o  2 .5  

tonnes .  The s i z e  o f  t h e  t e s t  l o a d  i s  determined on t h e  b a s i s  o f  t h e  p r e s s u r e  

t o  which t h e  s o i l  l a y e r  b e i n g  t e s t e d  must be  s u b j e c t e d ,  as s p e c i f i e d  i n  t h e  

t e s t  r e q u i r e m e n t s .  

4.67. It is  most e x p e d i e n t  t o  u s e  a  b r a c e  w i t h  a  h y d r a u l i c  jack ( F i g u r e  

1 5 ) .  The b r a c e  c o n s i s t s  o f  a  s l e d ,  two s u p p o r t i n g  t r u s s e s ,  and two 

l o n g i t u d i n a l  and one t r a n s v e r s e  b e a r i n g  e lements .  A j i b - c r a n e  w i t h  a  winch is 

provided i n  o r d e r  t o  remove t h e  s o i l  from t h e  t e s t  p i t  and t o  lower m a t e r i a l s  

and equipment i n t o  i t .  

4.68. The proposed b r a c e  i n s t a l l a t i o n  p e r m i t s  t h e  s imul taneous  u s e  o f  two 

h o t  p l a t e s .  The d i s t a n c e  between t h e  c e n t e r s  o f  l o a d i n g  p l a t e s  must b e  n o t  

l e s s  t h a n  2  m i n  o r d e r  t o  avo id  p o s s i b l e  mutual  i n t e r f e r e n c e .  

4.69. The load  from t h e  h y d r a u l i c  j a c k s ,  each o f  which is  mounted on t h e  

t r a n s v e r s e  b e a r i n g  element o f  t h e  i n s t a l l a t i g n ,  is  t r a n s m i t t e d  t o  t h e  l o a d i n g  

p l a t e s  by way o f  a  v e r t i c a l  column o f  r o d s .  It is e x p e d i e n t  t o  u s e  j acks  which 

a r e  mechan ica l ly  d r i v e n  from a n  NSP-400111 pumping s t a t i o n .  

4.70. The v e r t i c a l  r o d s  a r e  manufactured o u t  o f  meta l  p i p e s  which have a  

d i a m e t e r  o f  168 mm a t  t h e  c o u p l i n g  f l a n g e s .  The s e t  o f  r o d s  f o r  one l o a d i n g  

p l a t e ,  when i t  is a t  a dep th  o f  15  m ,  comprises  p i p e s  which a r e  0.2,  0 .4 ,  0 .5 ,  

0.6,  0 .8 ,  1, 1 .2 ,  1 .5 ,  and f i v e  p i p e s  which a r e  2 ,  rn long .  The p o s s i b l e  

b u c k l i n g  o f  t h e  column o f  r o d s ,  when t h e  l o a d i n g  p l a t e  is lowered deeper  t h a n  

1 0  m ,  is avoided by t h e  i n s t a l l a t i o n  o f  b r a c e s ,  a t t a c h e d  t o  each w a l l  o f  t h e  

p i t ,  e v e r y  4  v e r t i c a l  mete r s .  



F i g u r e  15. Schemat ic  diagram o f  a  f i e l d  i n s t a l l a t i o n  f o r  d e t e r m i n i n g  t h e  

c o m p r e s s i b i l i t y  o f  f r o z e n  s o i l  a s  it  thaws. 

1- b a l l a s t  - c o n c r e t e  b l o c k s ;  2- l o n g i t u d i n a l  compos i t e  b e a r i n g  e l e m e n t ;  

3- s u p p o r t i n g  t r u s s e s  ; 4- s l e d ;  5- t r a n s v e r s e  compos i t e  b e a r i n g  e lement ;  

6- h y d r a u l i c  jack w i t h  d i s p l a c e m e n t  i n d i c a t o r  and p r e s s u r e  manometer; 7- 

screw (manual)  j a c k ;  8- pumping s t a t i o n ;  9- j i b - c r a n e  f o r  removing s o i l  

from p i t  and lower ing  m a t e r i a l  and  equipment i n t o  i t ;  10- e l e c t r i c  winch; 

11- e l e c t r i c a l  p a n e l ;  12- column o f  r o d s  w i t h  c o u p l i n g  f l a n g e s ;  13- m e t a l  

l o a d i n g  p l a t e  w i t h  e l e c t r i c a l  h e a t e r ;  14- t imber  l i n i n g ;  15- l o o s e  f i l l ;  

16- loamy s o i l ;  17- m a c r o c l a s t i c  s o i l  



4.71. The lower end o f  t h e  r o d  column is  provided w i t h  a b a l l  p i v o t  which 

r e s t s  i n  t h e  s o c k e t  ( c a p )  o f  t h e  l o a d i n g  p l a t e .  The t o p  end o f  t h e  r o d  column 

is equipped w i t h  a  manually o p e r a t e d  screw j a c k ,  which is  used  t o  make t h e  

f i n a l  a d j u s t m e n t s  t o  t h e  l e n g t h  o f  t h e  column ( w i t h i n  t h e  l i m i t s  o f  300 mm), as 

n e c e s s i t a t e d  by t h e  t e s t  c o n d i t i o n s .  

4.72. The manometer f o r  r e c o r d i n g  t h e  p r e s s u r e  is  mounted d i r e c t l y  on t h e  

h y d r a u l i c  jack.  The maximum working p r e s s u r e  d u r i n g  t h e  test must l i e  w i t h i n  

2 / 3  o f  t h e  manometer s c a l e .  

4.73. I n  o r d e r  t o  m a i n t a i n  t h e  o i l  sys tem a t  t h e  c o n s t a n t  p r e s s u r e ,  which 

is needed t o  keep  t h e  p r e s s  t o o l  under  t h e  s p e c i f i e d  l o a d  t h r o u g h o u t  t h e  e n t i r e  

t e s t ,  t h e  h y d r a u l i c  jack and pumping s t a t i o n  a r e  equipped w i t h  a magnet ic  

starter and r e l a y ,  and i n s t e a d  o f  t h e  u s u a l  manometers e l e c t r i c  c o n t a c t  

manometers w i t h  t h e  same o p e r a t i o n a l  r a n g e  a r e  used.  

4.74. The s e t t l e m e n t s  o f  t h e  l o a d i n g  p l a t e s  a r e  measured u s i n g  d i a l  

gauges  o r  o t h e r  measur ing d e v i c e s .  The f i n a l  s e t t l e m e n t  is e s t a b l i s h e d  as t h e  

a v e r a g e  o f  t h e  two r e a d i n g s  from t h e  measur ing d e v i c e s  which r e g i s t e r  t h e  

s e t t l e m e n t  a t  o p p o s i t e  s i d e s  o f  t h e  l o a d i n g  p l a t e .  

PREPARATION OF THE TEST PIT 

4.75. The l o c a t i o n  o f  t h e  t e s t  p i t  i s  s e l e c t e d  on t h e  b a s i s  o f  t h e  

r e q u i r e m e n t s ,  t a k i n g  i n t o  a c c o u n t  t h e  e n g i n e e r i n g - g e o l o g i c a l  and 

p e r m a f r o s t - s o i l  c o n d i t i o n s  o f  t h e  c o n s t r u c t i o n  si te .  

4.76. The chosen s i t e  is  l e v e l l e d .  I n  o r d e r  t o  p r e s e r v e  t h e  t e m p e r a t u r e  

regime o f  t h e  f r o z e n  s o i l  a t  t h e  c o n s t r u c t i o n  s i t e  ( w h i l e  t h e  equipment is 

be ing  set  u p ) ,  it  is covered  w i t h  a  20-40-cm-thick b a l l a s t  pad (berm) o f  

g r a v e l ,  p e b b l e s ,  o r  c rushed  rock .  

4.77. Using a  plumb l i n e  and a l e v e l ,  a b r a c e  i n s t a l l a t i o n  i s  s e t  up  a t  

t h e  l e v e l l e d  site.  The test p i t  i s  t h e n  e x c a v a t e d ,  and i ts  w a l l s  a r e  

r e i n f o r c e d  down t o  t h e  maximum dep th  o f  s e a s o n a l  thawing o r ,  i n  t h e  c a s e  o f  a 

non-thawing p e r m a f r o s t  l a y e r ,  down t o  i ts  upper s u r f a c e  ( p e r m a f r o s t  t a b l e ) .  A 

cover  wi th  h a t c h e s ,  and a n  o b s e r v a t i o n  c a b i n  a r e  c o n s t r u c t e d  o v e r  t h e  p i t .  

Concre te  b l o c k s  a r e  p i l e d  o n t o  t h e  l o n g i t u d i n a l  composi te  b e a r i n g  e l e m e n t s ,  

a f t e r  which a l l  o f  t h e  n e c e s s a r y  equipment is mounted i n  t h e  c a b i n .  



4.78. P r i o r  t o  t h e  s t a r t  o f  t e s t i n g ,  t h e  s t r u c t u r e  o f  t h e  p i t  walls i s  

d e s c r i b e d  and s k e t c h e d ,  w i t h  ice i n c l u s i o n s  b e i n g  c a r e f u l l y  measured as p e r  

s e c t i o n s  1.12-1.19. A t  t h e  l e v e l  o f  i n s t a l l a t i o n  o f  t h e  l o a d i n g  p l a t e  two o r  

t h r e e  4-5 k g  v e r t i c a l  s e c t i o n s  o f  t h e  f r o z e n  s o i l  a r e  sampled  i n  o r d e r  t o  

d e t e r m i n e  i ts  compos i t ion  and main p h y s i c a l  c h a r a c t e r i s t i c s .  

Data a b o u t  t h e  c o n d i t i o n s  under  which t h e  f i e l d  e x p e r i m e n t  is c a r r i e d  o u t  

are r e c o r d e d  i n  a l o g  ( T a b l e  2 9 ) .  

4.79. P r i o r  t o  t h e  i n s t a l l a t i o n  o f  t h e  l o a d i n g  p l a t e ,  t h e  f l o o r  o f  t h e  

p i t  is c a r e f u l l y  l e v e l l e d  and  s c r a p e d  down t o  u n d i s t u r b e d  f r o z e n  s o i l .  

I n d i v i d u a l  p r o t r u d i n g  b o u l d e r s  and l a r g e  s t o n e s  a r e  broken away,  and t h e  

r e s u l t i n g  d e p r e s s i o n s  are f i l l e d  w i t h  s a n d  and tamped down i n  o r d e r  t o  p r o v i d e  

good c o n t a c t  between t h e  l o a d i n g  p l a t e  and t h e  s o i l .  

4.80. A t  t h e  c e n t e r  o f  t h e  s p o t  where t h e  l o a d i n g  p l a t e  is  t o  b e  

p o s i t i o n e d ,  when p o s s i b l e ,  a h o l e  3-4 cm i n  d i a m e t e r  and 50 cm d e e p  is  

d r i l l e d .  F i v e  electr ical  r e s i s t a n c e  the rmomete r s  are i n s t a l l e d  i n  t h i s  h o l e  a t  

d e p t h s  o f  1 0 ,  20 ,  3 0 ,  4 0 ,  and  50 cm. 

4.81. The h o l e s  c o n t a i n i n g  t h e  e l e c t r i c a l  t he rmomete r s  are c a r e f u l l y  

packed from t o p  t o  bot tom w i t h  c o o l e d  c l a y  o r  loam i n  o r d e r  t o  p r e v e n t  water 

from f i l l i n g  t h e  h o l e  as t h e  f r o z e n  s o i l  melts under  t h e  l o a d i n g  p l a t e .  The 

l e a d s  from t h e  e l e c t r i c a l  r e s i s t a n c e  thermometers  are s t r u n g  o u t  t o  t h e  

o b s e r v a t i o n  c a b i n  and c o n n e c t e d  t o  measur ing  i n s t r u m e n t s .  

T a b l e  29 

a- Hcxonnble nannue npn onpenenennn ocanwn ~ e p 3 n w x  ~ p y n ~ o e  r npouecce orTaqaasma r noncrux ycnornmx -- -- .- 
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a- S t a r t i n g  d a t a  i n  t h e  d e t e r m i n a t i o n  o f  t h e  s e t t l e m e n t  o f  f r o z e n  s o i l  

d u r i n g  m e l t i n g  under  f i e l d  c o n d i t i o n s ;  b- L o c a t i o n  o f  t e s t  p i t  and a  

d e s c r i p t i o n  o f  it; c- Depth a t  which t h e  s o i l  l a y e r  b e i n g  t e s t e d  i s  

l o c a t e d ,  i n  cm; d- T h i c k n e s s  o f  t h e  l a y e r  b e i n g  t e s t e d ,  i n  cm; e- 

Tempera ture  o f  t h e  f r o z e n  s o i l ,  i n  OC; f- Area o f  t h e  h o t  l o a d i n g  p l a t e  

F ,  i n  c m 2 ;  g- The s t r e n g t h  o f  t h e  c u r r e n t ,  a ,  and  t h e  power, m ,  u s e d  by 

t h e  e l e c t r i c a l  c o i l  o f  t h e  p r e s s  t o o l ;  h- a t  t h e  b e g i n n i n g  o f  t h e  t es t ;  i- 
0 

a t  t h e  end o f  t h e  t e s t ;  j- The t e m p e r a t u r e  o f  t h e  l o a d i n g  p l a t e ,  i n  C .  



4.82. Us ing  a  plumb l i n e  and a l e v e l ,  t h e  l o a d i n g  p l a t e  is p u t  i n t o  p l a c e  

on t h e  p r e p a r e d  f l o o r  o f  t h e  p i t  unde r  t h e  c e n t e r  o f  t h e  h y d r a u l i c  j a c k ,  and 

v e r t i c a l  r o d s  o f  t h e  r e q u i r e d  l e n g t h  are a t t a c h e d .  The h y d r a u l i c  j ack  is 

c o n n e c t e d  t o  t h e  pumping s t a t i o n ,  and t h e  l o a d i n g  p l a t e  w i t h  t h e  h e a t i n g  c o i l s  

is c o n n e c t e d  t o  t h e  power l i n e .  A l l  o f  t h e  m e a s u r i n g  a p p a r a t u s  which were 

i n s t a l l e d  i n  t h e  c a b i n  are b r o u g h t  i n t o  o p e r a t i o n .  

4.83. P r i o r  t o  t h e  s t a r t  o f  t e s t i n g ,  t h e  f u l l y  a s sembled  i n s t a l l a t i o n  is 

c a l i b r a t e d ,  u s i n g  a l o a d  c o r r e s p o n d i n g  t o  t h a t  u s e d  i n  t h e  t e s t ,  b u t  w i t h o u t  

t u r n i n g  on t h e  l o a d i n g  p l a t e  h e a t e r .  The u p p e r  l i m i t  o f  t h e  c a l i b r a t i o n  l o a d  

must exceed  t h e  maximum tes t  p r e s s u r e  on t h e  l o a d i n g  p l a t e  by 10-159. Us ing  

t h e s e  d a t a  a c a l i b r a t i o n  g r a p h  i s  p r e p a r e d  f o r  t h e  i n s t a l l a t i o n .  

TEST PROCEDURE 

4.84. F o o t i n g  s o i l s  are t e s t e d  l a y e r  by l a y e r .  By t e s t i n g  t h e  t h a w i n g  

s o i l s  l a y e r  by l a y e r  t h e  c o m p r e s s i b i l i t y  c h a r a c t e r i s t i c s  
Ai 

and ai a r e  

d e t e r m i n e d  f o r  a series o f  f r o z e n  s o i l s  u n t i l  t h e  d e s i g n  d e p t h  is r e a c h e d .  

4.85. S o i l  l a y e r s  a r e  t e s t e d  whose t h i c k n e s s  is  less t h a n  h a l f  t h e  w i d t h  

o r  t h e  r a d i u s  o f  t h e  l o a d i n g  p l a t e .  After each  l a y e r  h a s  been  t e s t e d  t h e  

l o a d i n g  p l a t e  is d i s m a n t l e d ,  t h e  t e s t e d  s o i l  is removed, and  t h e  e n t i r e  

i n s t a l l a t i o n  is r e a s s e m b l e d .  

4.86. It  is recommended t h a t  t h e  l o a d i n g  p l a t e  h e a t e r  be  k e p t  on u n t i l  

t h e  s o i l  unde r  t h e  t o o l  h a s  thawed t o  a  d e p t h  o f  20 cm, af ter  which t h e  h e a t e r  

s h o u l d  b e  s w i t c h e d  o f f .  A d d i t i o n a l  t hawing  o f  t h e  s o i l  i s  accompl i shed  by t h e  

h e a t  which h a s  been s t o r e d  i n  t h e  thawed s o i l .  

4.87. I n  t h e  case o f  a l o a d i n g  p l a t e  h a v i n g  a d i a m e t e r  o f  70.7 cm and a n  

e l e c t r i c  power consumpt ion  o f  6-7 kw, thawing  t o  a d e p t h  o f  20 cm u s u a l l y  i s  

accompl i shed  w i t h i n  6-10 h o u r s ,  depend ing  on t h e  v a r i e t y  o f  t h e  s o i l  and i t s  

c r y o g e n i c  s t r u c t u r e .  

4.88. P r i o r  t o  t h e  s t a r t  o f  e v e r y  t e s t ,  t h e  l o a d i n g  p l a t e  h a s  a p p l i e d  t o  

it a b r i e f  ( u p  t o  3 m i n u t e s )  l o a d  which is  e q u a l  t o  t h e  n a t u r a l  p r e s s u r e  o f  t h e  
2 

s o i l  a t  t h e  l e v e l  o f  t h e  l o a d i n g  p l a t e ,  b u t  n o t  l e s s  t h a n  0 .5  kg/cm . After 

t h e  removal  o f  t h e  i n i t i a l  l o a d  t h e  t e s t  is  begun.  



a- O b s e r v a t i o n  d a t a  on l o a d i n g  p l a t e  s e t t l e m e n t  d u r i n g  t h e  thawing  and 

compact ion o f  s o i l ;  b- T e s t  No.; c- T e s t  d a t e ;  d- P r e s s u r e  on t h e  l o a d i n g  

p l a t e ,  as i n d i c a t e d  on t h e  s c a l e  o f  t h e  manometer on t h e  h y d r a u l i c  j a c k ,  
2  

i n  kg/cm ; e- P r e s s u r e  on t h e  s o i l  €0 
2 

i ' i n  kg/cm ; f -  Length o f  

time f o r  which t h e  l o a d  is a p p l i e d  t o  t h e  l o a d i n g  p l a t e ,  i n  h o u r s  and 

minu tes ;  g- Gauge r e a d i n g s ;  h- a v e r a g e ;  i- Average thawing  d e p t h  o f  t h e  

s o i l  benea th  t h e  l o a d i n g  p l a t e  H 
o t '  

i n  cm; j- S e t t l e m e n t  o f  t h e  l o a d i n g  - 
3 

p l a t e ;  k- a b s o l u t e  S, i n  cm; 1- r e l a t i v e  $=- 
H o t  

4.89. T e s t i n g  o f  t h e  s o i l  i n  a  p i t  by means o f  a  h o t  l o a d i n g  p l a t e  i s  

c a r r i e d  o u t  by thawing  t h e  s o i l  w i t h o u t  t h e  a p p l i c a t i o n  o f  a  l o a d  ( s t a g e  o n e ) ,  

fo l lowed  by t h e  compaction o f  t h e  s o i l  under a l o a d  ( s t a g e  two) .  

4  .go. Dur ing t h e  thawing o f  t h e  s o i l  ( s t a g e  o n e ) ,  t h e  o n l y  l o a d  which it  

b e a r s  is t h e  we igh t  o f  t h e  l o a d i n g  p l a t e  and o f  t h e  r o d s ,  which p roduces  a  

p r e s s u r e  o f  n o t  more t h a n  0.2 kg/cm2,  which is i g n o r e d  i n  t h e  c a l c u l a t i o n s .  

4.91. A f t e r  thawing t h e  s o i l  is  compacted ( s t a g e  two) under  t h e  f o l l o w i n g  
2  2  

p r e s s u r e s :  f o r  c l a y  a i = l  kg/cm ; f o r  sand a i=2  kg/cm . 
4.92. When m a c r o c l a s t i c  s o i l s  and broken bedrock a r e  p r e s e n t ,  i f  t h e y  

thaw when t h e y  a r e  n o t  under  a  l o a d  t h e  r e s u l t  may be  t h e  wedging o f  l a r g e  

i n c l u s i o n s .  For t h i s  r e a s o n ,  s o i l s  o f  t h i s  t y p e  s h o u l d  b e  thawed under a l o a d  

o i = l  kg/cm2 ( s t a g e  o n e ) .  Subsequent  compact ion ( s t a g e  two) is  c a r r i e d  o u t  
2  

under  a  l o a d  o f  ai=2 kg/cm . 
4.93. Dur ing t e s t i n g ,  measuremenCvs a r e  made o f  t h e  s e t t l e m e n t  o f  t h e  

l o a d i n g  p l a t e  ove r  time and o f  t h e  maximum thawing d e p t h  o f  t h e  s o i l .  The 

measurement d a t a  a r e  r e c o r d e d  i n  l o g s  ( T a b l e s  30 and 3 1 ) .  



T a b l e  3 1  

a- O b s e r v a t i o n s  o f  t h e  s o i l  t e m p e r a t u r e  benea th  t h e  l o a d i n g  p l a t e ;  b- 

Depths a t  which t h e  e l e c t r i c a l  r e s i s t a n c e  thermometers  are i n s t a l l e d ,  i n  
0 

cm; c- Time; d- C .  

4.94. The s e t t l e m e n t  o f  t h e  s o i l  is measured w i t h  t h e  a i d  o f  gauges  o r  

a u t o m a t i c  r e c o r d e r s ,  w h i l e  t h e  d e p t h  t o  which t h e  s o i l  h a s  thawed i s  de te rmined  

w i t h  t h e  a i d  o f  h a r d  p robes  once p e r  h o u r ,  and c o n t r o l l e d  by means o f  t h e  

thermometer r e a d i n g s  ( s e e  s e c t i o n  4 .80) .  

The dep th  t o  which t h e  s o i l  h a s  thawed b e n e a t h  t h e  c e n t e r  o f  t h e  l o a d i n g  

p l a t e  is determined g r a p h i c a l l y ,  e x t r a p o l a t i n g  from t h e  thawing d e p t h s  which 

a r e  de te rmined  by t h e  h a r d  p robes  ( a t  n o t  l e s s  t h a n  f i v e  p o i n t s ) .  

4.95. A f t e r  each inc rement  o f  t h e  l o a d ,  t e s t i n g  is c o n t i n u e d  u n t i l  t h e  

a r b i t r a r y  s t a b i l i z a t i o n  o f  s e t t l e m e n t ,  which is e s t a b l i s h e d  by t h e  p e r i o d i c  

m o n i t o r i n g  o f  t h e  compaction p rocess .  Measurements o f  de fo rmat ion  a r e  t a k e n  

from t h e  gauge r e a d i n g s  a f t e r  1, 5 ,  1 0 ,  20 ,  and 60 m i n u t e s  from t h e  s t a r t  o f  

t h e  t e s t ,  and t h e n  once p e r  hour  u n t i l  s t a b i l i z a t i o n  is a c h i e v e d .  

4.96. The c r i t e r i o n  f o r  t h e  s t a b i l i z a t i o n  o f  t h e  s e t t l e m e n t  o f  t h e  

l o a d i n g  p l a t e  is t a k e n  t o  be  t h e  c o n d i t i o n  when t h e  i n c r e a s e  i n  t h e  s e t t l e m e n t  

o f  t h e  p l a t e  d u r i n g  t h e  t h r e e  l a s t  ( h o u r l y )  r e a d i n g s  does  n o t  exceed 0 .1  mm f o r  

m a c r o c l a s t i c  and sandy s o i l s  and 0.05 mm i n  t h e  c a s e  o f  c l a y e y  s o i l s .  

4.97. Upon t h e  c o n c l u s i o n  o f  e v e r y  t e s t  t h e  v e r t i c a l  r o d s  and t h e  l o a d i n g  

p l a t e  a r e  d i s m a n t l e d ,  t h e  thawed l a y e r  o f  s o i l  is removed from t h e  thaw zone ,  

t h e  appearance  o f  t h e  thawed zone is s k e t c h e d ,  and its dep th  and d i a m e t e r  a r e  

measured. The c r y o g e n i c  s t r u c t u r e  o f  t h e  r o c k s  is t h e n  d e s c r i b e d ,  a s  w e l l  a s  

t h e i r  p o s i t i o n  i n  t h e  t e s t e d  l a y e r .  



4.98. A f t e r  one l a y e r  h a s  been t e s t e d ,  t h e  p rocedure  i s  r e p e a t e d  on t h e  

n e x t  l a y e r .  The thawed s o i l  is removed from t h e  t e s t  p i t  and t h e  f r o z e n  bot tom 

s u r f a c e  is l e v e l l e d  down by 5-10 cm. 

DETERMINATION OF THE CHARACTERISTICS OF THAWING 

AND OF THE COMPRESSIBILITY OF THAWED FROZEN SOIL 

4.99. For e v e r y  t e s t e d  l a y e r ,  u s i n g  t h e  e x p e r i m e n t a l l y  de te rmined  v a l u e s  

f o r  t h e  s e t t l e m e n t  o f  t h e  l o a d i n g  p l a t e ,  S ,  and t h e  s o i l  thawing d e p t h ,  H o t ,  
S 

t h e  r e l a t i v e  compression v a l u e ,  6 -- , is  d e t e r m i n e d ,  and t h e  r e s u l t  is 
i - H o t  

r e c o r d e d  i n  a l o g  ( T a b l e  3 0 ) .  

4.100. On t h e  b a s i s  o f  t h e  r e s u l t s  which are r e c o r d e d  i n  T a b l e  3 0 ,  g r a p h s  

are c o n s t r u c t e d  o f  t h e  change i n  t h e  s e t t l e m e n t  o f  t h e  l o a d i n g  p l a t e ,  S ,  o v e r  

t i m e ,  t ,  (which are used t o  make judgements a b o u t  t h e  s t a b i l i z a t i o n  o f  t h e  

s e t t l e m e n t ) ,  as w e l l  a s  g r a p h s  which show t h e  magni tude o f  t h e  r e l a t i v e  

compress ion o f  t h e  thawed s o i l ,  S i ,  as a f u n c t i o n  o f  t h e  compact ing p r e s s u r e ,  

u 
i 

4.101. For every  t e s t e d  l a y e r ,  u s i n g  t h e  g r a p h s  o f  t h e  r e l a t i v e  

compress ion,  Si ,  as a f u n c t i o n  o f  t h e  p r e s s u r e ,  ui ,  a  d e t e r m i n a t i o n  is made 

o f  t h e  c o e f f i c i e n t  o f  thawing o f  t h e  s o i l ,  A i ,  and  o f  t h e  c o m p r e s s i b i l i t y  

c o e f f i c i e n t ,  a o f  t h e  s o i l  which h a s  thawed under  a l o a d .  
i ' 

The r e s u l t s  o f  t h e  d e t e r m i n a t i o n s  a r e  r ecorded  i n  a l o g  ( T a b l e  3 2 ) .  
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a- R e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  c o m p r e s s i b i l i t y  

o f  f r o z e n  s o i l s  when t h e y  a r e  thawed by means o f  h o t  l o a d i n g  p l a t e s ;  b- T e s t  

No.; c- Depth a t  which t h e  s o i l  l a y e r  is l o c a t e d  h ,  i n  c m ;  d- S o i l  t y p e ;  e- 
M 

U n i t  we igh t  o f  t h e  f r o z e n  s o i l  yo6 , i n  g/cm3;  f- T o t a l  m o i s t u r e  c o n t e n t  o f  

t h e  f r o z e n  s o i l ,  W t ,  e x p r e s s e d  as a dec imal  f r a c t i o n ;  g- P r e s s u r e  o i n  
i ' 

kg/cm2; h- C o e f f i c i e n t s  o f  thawing.  



4.102. The c o e f f i c i e n t  o f  thawing,  A i ,  is e x p r e s s e d  as t h e  r e l a t i o n  

A.=6 = S  /H where 
So 

- is t h e  s e t t l e m e n t  w i t h o u t  a  l o a d ,  as 
1 0 0 o t '  

determined d u r i n g  t h e  f i r s t  s t a g e  o f  t e s t i n g ,  and Hot - is t h e  dep th  of t h e  

thawed l a y e r .  On t h e  graph o f  t h e  f u n c t i o n  6 i - ~ i ,  t h e  c o e f f i c i e n t ,  A i ,  

c o r r e s p o n d s  t o  t h e  i n i t i a l  o r d i n a t e  on t h e  graph.  

4.103. The c o m p r e s s i b i l i t y  c o e f f i c i e n t  o f  t h e  s o i l ,  a is e x p r e s s e d  by 
i ' 

t h e  r e l a t i o n :  

where 6 and 9 - are t h e  r e l a t i v e  compression d u r i n g  t h e  f i r s t  s t a g e  o f  
0  

t e s t i n g ,  i n  t h e  absence  o f  a  l o a d ,  and d u r i n g  t h e  second 

s t a g e  o f  t e s t i n g ,  under a l o a d ,  r e s p e c t i v e l y ;  

a and ol - are t h e  l o a d  from t h e  weight  o f  t h e  l o a d i n g  p l a t e  and t h e  
0  

column o f  r o d s  d u r i n g  t h e  f i r s t  s t a g e  o f  t e s t i n g ,  and from 

t h e  compacting p r e s s u r e  d u r i n g  t h e  second s t a g e  o f  t e s t i n g ,  

r e s p e c t i v e l y .  

4.104. I n  t h e  c a s e  o f  m a c r o c l a s t i c  s o i l s ,  t h e  c o e f f i c i e n t s ,  a and 
i 

A i ,  are expressed  by t h e  r e l a t i o n s :  

62-6  1 
a = -  and Ai = 6 2  - a.02 
i 02-01 1 (57a) 

where 61 and 6 - a r e  t h e  r e l a t i v e  compress ions  under  t h e  f i r s t  s t a g e  and 
2 

second l o a d s ;  

o  and o  - a r e  t h e  magnitudes o f  t h e  compacting p r e s s u r e s .  
i 2 

On t h e  graph o f  t h e  f u n c t i o n  6 i - ~ i ,  t h e  c o e f f i c i e n t ,  a 
i ' is 

determined as t h e  t a n g e n t  o f  t h e  s l o p e  o f  t h e  s t r a i g h t  l i n e  which c o n n e c t s  t h e  

e x p e r i m e n t a l l y  determined p o i n t s ,  and Ai  - as t h e  segment on t h e  Y-axis which 

is i n t e r c e p t e d  by t h i s  s t r a i g h t  l i n e .  



LABORATORY METHOD 

APPARATUS 

4.105. I n  o r d e r  t o  de te rmine  t h e  c o m p r e s s i b i l i t y  c o e f f i c i e n t  o f  thawing 

s o i l  i n  t h e  l a b o r a t o r y ,  a compress ion a p p a r a t u s  is r e q u i r e d  compr i s ing  a l e v e r  

p r e s s ,  an  oedometer,  and h e a t i n g  and measur ing equipment.  A g e n e r a l  s c h e m a t i c  

d iagram o f  t h e  s e t u p  is shown i n  F i g u r e  16a.  

4.106. The oedometer f o r  t e s t i n g  t h e  f r o z e n  s o i l  is manufactured o u t  o f  a 

material which h a s  low the rmal  c o n d u c t i v i t y  ( a c r y l i c  p l a s t i c ,  e b o n i t e  , 
t e x t o l i t e ) ,  i n  o r d e r  t o  e n s u r e  t h a t  t h e  s o i l  sample  o n l y  thaws from t h e  t o p  

down. Thawing is accomplished w i t h  t h e  a i d  o f  a h o t  l o a d i n g  c a p  which i s  

placed  o n t o  t h e  sample o f  f rozen  s o i l  ( F i g u r e  1 6 b ) ,  o r  by n a t u r a l  thawing a t  

room t e m p e r a t u r e  under  a  s t a n d a r d  l o a d i n g  cap.  

4.107. The oedometer which is used i n  t h e  d e t e r m i n a t i o n  o f  t h e  

c o m p r e s s i b i l i t y  o f  thawed s o i l  compr i ses  t h r e e  main p a r t s :  a c e l l ,  t h e  c u t t i n g  

r i n g ,  and t h e  l o a d i n g  cap.  The c e l l  o f  t h e  oedometer comes a p a r t  and c o n s i s t s  

o f  a b a s e  w i t h  a  p e r f o r a t e d  bo t tom,  and a g u i d e  c y l i n d e r  which is made o u t  o f  

a c r y l i c  p l a s t i c .  The walls must b e  a t  l e a s t  5-7 cm t h i c k .  The c u t t i n g  r i n g  

(which i s  made o u t  o f  a c r y l i c  p l a s t i c )  h a s  a w a l l  t h i c k n e s s  o f  5-6 mm and must 

f i t  i n t o  t h e  oedometer c a s i n g  s n u g l y ,  w i t h o u t  gaps .  

F i g u r e  16. Schematic diagram o f  t h e  a p p a r a t u s  f o r  d e t e r m i n i n g  t h e  

c o m p r e s s i b i l i t y  o f  f r o z e n  s o i l  d u r i n g  thawing 

a- t h e  complete  s e t u p ;  b- t h e  oedometer;  1- bench; 2- oedometer ( b a s e  and 

gu ide  c y l i n d e r ) ;  3- c u t t i n g  r i n g  w i t h  s o i l  sample;  4- l o a d i n g  cap ;  5- 

l e v e r  p r e s s ;  6- c o n s t a n t  t e m p e r a t u r e  b a t h ;  7- gauges .  



The l o a d i n g  c a p ,  which is a n  empty c y l i n d e r  6-7 cm h i g h ,  is made o u t  o f  

copper  o r  s t a i n l e s s  s t e e l .  The l o a d i n g  c a p  h a s  a doub le  bottom: a n  upper 

bot tom,  which is s o l i d ,  and a lower bottom (1.5-2 cm away) ,  which h a s  

p e r f o r a t i o n s  n o t  l a r g e r  t h a n  1 mm, th rough  which t h e  water f'rom t h e  thawing 

s o i l  is removed. The t o p  t h e  l o a d i n g  c a p  is t i g h t l y  c l o s e d  by a l i d ,  which h a s  

a  stem a t  t h e  c e n t e r  and two n i p p l e s  f o r  t h e  s u p p l y  and  removal o f  w a r m  water, 

which c i r c u l a t e s  i n  t h e  t o p  c a v i t y  o f  t h e  l o a d i n g  c a p  d u r i n g  t h e  t e s t .  On t h e  

e x t e r n a l  c y l i n d r i c a l  s u r f a c e  o f  t h e  l o a d i n g  c a p ,  a t  t h e  bottom, t h e r e  are 

open ings  o f  1 mm i n  d i a m e t e r ,  and  o v e r  i t s  e n t i r e  h e i g h t  t h e r e  are narrow 

v e r t i c a l  g rooves  f o r  t h e  d i s c h a r g e  o f  t h e  w a t e r  which f lows  from t h e  sample  

i n t o  t h e  lower c a v i t y  o f  t h e  l o a d i n g  cap.  I n  t h e  c a s e  o f  n a t u r a l  thawing  o f  a 

sample o f  f r o z e n  s o i l  as  t h e  r e s u l t  o f  h e a t  exchange w i t h  t h e  s u r r o u n d i n g  a i r ,  

s t a n d a r d  l o a d i n g  c a p s  a r e  u s e d ,  which are made o u t  o f  a hea t -conduc t ing  

m a t e r i a l  ( b r a s s ,  c o p p e r ) .  

4.108. When d e t e r m i n i n g  t h e  s e t t l e m e n t  o f  f r o z e n  s o i l  d u r i n g  thawing ,  t h e  

d imensions  o f  t h e  c u t t i n g  r i n g  a r e  s e l e c t e d  i n  accordance  w i t h  t h e  compos i t ion  

and u n i f o r m i t y  o f  t h e  s o i l .  It is recommended t h a t  t h e  r i n g s  be  3  t o  6  cm h i g h  

and have i n t e r n a l  d i a m e t e r s  o f  8.74,  11.3 ,  and 16 cm, which makes i t  p o s s i b l e  

t o  test  s o i l  samples  o f  6 0 ,  100 ,  and 200 cm2, r e s p e c t i v e l y .  

4.109. I n  o r d e r  t o  e n s u r e  s t e a d y  thawing o f  t h e  sample  o f  f r o z e n  s o i l  i n  

t h e  oedometer ,  i t  is  recommended t h a t  a n  u l t r a t h e r m o s t a t  be  u s e d ,  w i t h  which i t  

is p o s s i b l e  t o  m a i n t a i n  t h e  r e q u i r e d  wa te r  t e m p e r a t u r e  i n  t h e  p r e s s  t o o l .  A 

TS-16-A u l t r a t h e r m o s t a t  is s u i t a b l e .  The c o n s t a n t  t e m p e r a t u r e  b a t h  is 

connec ted  t o  t h e  f i t t i n g s  o f  t h e  l o a d i n g  c a p  by means o f  r u b b e r  hoses .  When 

c o n s t a n t  t e m p e r a t u r e  b a t h  is n o t  a v a i l a b l e  t h e  water f o r  t h e  l o a d i n g  c a p  may be  

s u p p l i e d  from any l a r g e  v e s s e l  ( t a n k ,  p a i l )  i n  which t h e  r e q u i r e d  t e m p e r a t u r e  

is main ta ined .  

4.110. The t e m p e r a t u r e  o f  t h e  water i n  t h e  l o a d i n g  c a p  is s e l e c t e d  t o  

match t h e  s o i l  thawing reg ime  benea th  t h e  f u t u r e  s t r u c t u r e .  I t  t h e  t e m p e r a t u r e  

a t  which t h e  thawing o f  t h e  f r o z e n  s o i l  sample is t o  proceed is n o t  s p e c i f i e d ,  

it  is recommended t h a t  t h e  test be  conducted a t  a t e m p e r a t u r e  o f  +20°c. 

4.111. The s e t t l e m e n t  which o c c u r s  d u r i n g  t h e  thawing and  compaction o f  

t h e  sample  o f  f r o z e n  s o i l  under  t h e  test l o a d s  is measured w i t h  t h e  a i d  o f  d i a l  

gauges  t o  a n  a c c u r a c y  o f  f l . 0 1  mm. 



TEST PROCEDURE 

4.112. Before  b e g i n n i n g  t h e  t es t ,  t h e  compress ion s e t u p  is checked.  The 

l e v e r  is  b a l a n c e d ,  t h e  gauges ,  w e i g h t s ,  and t e m p e r a t u r e  b a t h  a r e  made r e a d y ,  

t h e  p roper  fit of  t h e  l o a d i n g  c a p  is checked,  and  t h e  h o l d e r  f o r  t h e  gauges  is  

a t t a c h e d  t o  t h e  stem o f  t h e  l o a d i n g  cap.  

4.113. It is  p r e f e r a b l e  t o  c a r r y  o u t  t h e  s e t t l e m e n t  t e s t i n g  o f  thawing  

s o i l  a t  an  a i r  t e m p e r a t u r e  which i s  below f r e e z i n g .  T e s t i n g  is  a l s o  p e r m i t t e d  

a t  normal  t e m p e r a t u r e .  I n  t h i s  case, however,  a l l  o f  t h e  p r e p a r a t o r y  work 

( t r a n s f e r  o f  t h e  sample i n t o  t h e  c u t t i n g  r i n g ,  we igh ing  o f  i t ,  and assembly o f  

t h e  oedometer)  must be c a r r i e d  o u t  a t  a n  a i r  t e m p e r a t u r e  below f r e e z i n g ,  a f t e r  

which t h e  a p p a r a t u s  is brough t  i n t o  t h e  w a r m  area where t h e  test is t o  be  

c a r r i e d  o u t .  

4.114. Before  t h e  sample  is p u t  i n t o  p l a c e ,  t h e  oedometer and t h e  l o a d i n g  

c a p  a r e  coo led  t o  a s  low a t e m p e r a t u r e  a s  p o s s i b l e  below f r e e z i n g .  Then t h e  

sample o f  f r o z e n  s o i l ,  which h a s  been p r e p a r e d  i n  accordance  w i t h  t h e  

i n s t r u c t i o n s  g iven  i n  s e c t i o n s  4.2-4.15, is placed  i n t o  t h e  oedometer ( t h e  s o i l  

a t  t h e  f a c e s  must b e  covered  w i t h  paper  f i l t e r s ) .  The l o a d i n g  c a p  w i t h  t h e  

a t t a c h e d  gauges ,  is t h e n  p laced  o n t o  t h e  sample ,  a f t e r  which t h e  assembled 

a p p a r a t u s  is placed  on t h e  t e s t  bench and t h e  sample  is  compressed ( s e e  s e c t i o n  

4.21).  

4.115. The h o s e s  from t h e  c o n s t a n t  t e m p e r a t u r e  b a t h  are connec ted  t o  t h e  

l o a d i n g  c a p ,  t h e  i n i t i a l  gauge r e a d i n g s  a r e  r e c o r d e d ,  t h e  l o a d  under  which 

thawing is t o  proceed is a p p l i e d ,  t h e  gauge r e a d i n g s  a r e  r e c o r d e d  a g a i n ,  and 

t h e  t e m p e r a t u r e  b a t h  is t h e n  s w i t c h e d  o n ,  w i t h  a r e c o r d  b e i n g  made o f  t h e  

s t a r t i n g  time o f  t h e  t e s t .  It is good p r a c t i c e  t o  set  t h e  gauge r e a d i n g s  t o  

z e r o  b e f o r e  t h e  s t a r t  o f  t h e  tes t .  

4.116. During t h e  c o u r s e  o f  t e s t i n g ,  t h e  s e t t l e m e n t  o f  thawing  s o i l ,  

r e a d i n g s  are t a k e n  a f t e r  1, 5 ,  1 0 ,  20 ,  and 30 m i n u t e s  from t h e  s t a r t  o f  

t e s t i n g ,  and e v e r y  30 minu tes  t h e r e a f t e r  u n t i l  t h e  s t a b i l i z a t i o n  o f  

s e t t l e m e n t .  Thawing s e t t l e m e n t  is c o n s i d e r e d  t o  b e  f i n i s h e d  when t h e  change i n  

t h e  l a s t  two gauge r e a d i n g s  does  n o t  exceed 0 .01 mm. The tes t  r e s u l t s  a r e  

r e c o r d e d  i n  a l o g  ( T a b l e  3 3 ) .  
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4.117. The thawing o f  f r o z e n  s o i l  under a l o a d  is accompanied by a marked 

changed i n  its p o r o s i t y .  The r e l a t i v e  compress ion,  61, o f  thawing permaf ros t  

is determined u s i n g  formula  (56).  
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4.118. The c o e f f i c i e n t ,  A i ,  is a parameter  which c h a r a c t e r i z e s  t h e  

de format ion  o f  s o i l  f o l l o w i n g  thawing,  independent  o f  t h e  normal p r e s s u r e .  Its 
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6 l = f ( o i )  ( F i g u r e  1 7 ) .  Thus, t h e  v a l u e  o f ,  Ai ,  is viewed as  a parameter  

o f  t h e  l i n e a r  dependence o f  t h e  compress ion o f  s o i l  as it  thaws under a l o a d .  
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I n  p r a c t i c e ,  t h e  s o i l  is thawed under  a small l o a d  which e n s u r e s  t h e  

compression o f  t h e  s o i l  o n l y  as a consequence o f  t h e  m e l t i n g  o f  i c e  i n c l u s i o n s  

and t h e  c l o s i n g  o f  t h e  r e s u l t i n g  c a v i t i e s .  For t h i s  r e a s o n ,  i t  is assumed t h a t  

t h e  v a l u e  o f  Ai  cor responds  t o  t h e  compression o f  t h e  s o i l  l a y e r  under o n l y  

i ts  own weight .  Inasmuch as t h e  t h i c k n e s s  o f  t h e  l a y e r s ,  hi ,  is n o t  g r e a t ,  

t h e  p r e s s u r e  from t h e  weigh t  o f  t h e  o v e r l y i n g  s o i l  u s u a l l y  does  n o t  exceed 0 . 1  



F i g u r e  17.  The r e l a t i v e  compression 6i as a f u n c t i o n  o f  t h e  p r e s s u r e  a  
i ' 

4 1 .  The c o m p r e s s i b i l i t y  c o e f f i c i e n t ,  a 
i ' is t h e  s l o p e  o f  t h e  

r e c t i f i e d  test  r e l a t i o n  o f  6i a s  a  f u n c t i o n  o f  a i  o r  t h e  t a n g e n t  o f  t h e  

s l o p e  o f  t h e  s t r a i g h t  l i n e .  Exper ience  h a s  shown t h a t ,  i n  t h e  m a j o r i t y  o f  

c a s e s ,  t h e  l i n e a r  dependence o f  6  on a  may b e  assumed t o  ho ld  t r u e  f o r  
i 

2 
t h e  f o l l o w i n g  v a l u e s  o f  ai: i n  t h e  c a s e  o f  sand - from 0 t o  4-5 kg/cm , i n  

m 

t h e  case o f  c l a y e y  s o i l s  - from 0 t o  2-4 kg/cmL. 

4.120. The d e t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t s  A and ai is made on t h e  
i 

b a s i s  o f  t h e  t e s t  r e s u l t s  o f  s e v e r a l  samples  which have thawed under d i f f e r e n t  

l o a d s  ( f i r s t  method) o r  on t h e  b a s i s  o f  t h e  test  r e s u l t s  f o r  a s i n g l e  sample 

( second  method). The second method is  used t o  o b t a i n  approximate  v a l u e s  f o r  

t h e  Ai  and ai c o e f f i c i e n t s ,  when t h e  r e q u i r e d  number o f  i d e n t i c a l  s o i l  

samples  is  n o t  a v a i l a b l e .  

4.121. When t h e  f irst  method i s  u s e d ,  t h e  thaw s e t t l e m e n t  v a l u e ,  S, is 

determined f o r  s e v e r a l  i d e n t i c a l  samples  o f  f r o z e n  s o i l ,  each o f  which thaws 

under a s p e c i f i c  l o a d  ai. A c a l c u l a t i o n  i s  made f o r  each test o f  t h e  

r e l a t i v e  compression s 1 6i=h, which cor responds  t o  each load .  The test  

r e s u l t s  a r e  recorded  i n  a l o b  ( T a b l e  3 4 ) .  

I n  view o f  t h e  nonuni fo rmi ty  o f  f r o z e n  s o i l s ,  it is  recommended t h a t  t h e  

d e t e r m i n a t i o n  o f  thaw s e t t l e m e n t  be  c a r r i e d  o u t  t h r e e  times under each o f  t h r e e  

o r  f o u r  d i f f e r e n t  l o a d s  (0 .1 ,  0 .5 ,  1, and 3  kg/cm2 i n  t h e  c a s e  o f  c l a y e y  

s o i l s ;  0.1, 1, 3 ,  and 5  kg/cm2 i n  t h e  c a s e  o f  sandy  s o i l s ) .  

I n  o r d e r  t o  determined t h e  v a l u e s  o f  t h e  A i  and ai ' c o e f f i c i e n t s  by 

t h i s  method, it  i s  n e c e s s a r y  t o  have a t  l e a s t  n i n e  i d e n t i c a l  samples  o f  f r o z e n  

s o i l .  

Using t h e  v a l u e s  which were o b t a i n e d  from each i n d i v i d u a l  t e s t  t h e  

root-mean-square v a l u e  is determined f o r  t h e  pa ramete rs  A" and aCP u s i n g  
i i 

fo rmulas  ( 5 8 )  and (59) .  



T a b l e  34 

a- R e s u l t s  o f  d e t e r m i n a t i o n s  o f  t h e  c o m p r e s s i b i l i t y  o f  thawing  s o i l s ;  b- 

T e s t  No.; c- S o i l  t y p e ;  d- U n i t  we igh t  o f  t h e  f r o z e n  s o i l  yM 
06 ' 

i n  
3 g/cm ; e- M o i s t u r e  c o n t e n t  o f  t h e  f r o z e n  s o i l  W t ,  e x p r e s s e d  as a  

d e c i m a l  f r a c t i o n ;  f -  P r e s s u r e  a i l  i n  kg/cm2; g- S e t t l e m e n t  o f  t h e  s o i l  

S ,  i n  cm; h- R e l a t i v e  compress ion 6  e x p r e s s e d  as a  d e c i m a l  f r a c t i o n ;  
i ' 

i- C o e f f i c i e n t  o f  thawing ,  A i ;  j- C o m p r e s s i b i l i t y  c o e f f i c i e n t  o f  t h e  
2  

thawing  s o i l  ai,  i n  cm /kg;  k- Remarks. 

where tii - i s  t h e  r e l a t i v e  compress ion o f  t h e  f r o z e n  s o i l ,  which h a s  thawed , j 
under  a p r e s s u r e  a  - 

i , j l  

n - is t h e  number o f  t e s t s ;  

j - is t h e  s e q u e n t i a l  number o f  t h e  t e s t ,  from 1 t o  n .  



The a v e r a g i n g  o f  t h e  e x p e r i m e n t a l  d a t a  i n  t h e  d e t e r m i n a t i o n  o f  A:' and 
1 

a c p  can  a l s o  be c a r r i e d  o u t  g r a p h i c a l l y  ( s e e  F i g u r e  17 ) . 
I 

On t h e  c u r v e  o f  6i a s  a f u n c t i o n  o f  a i  t h e  c o e f f i c i e n t  

c o r r e s p o n d s  t o  t h e  segment on t h e  Y-axis which is i n t e r c e p t e d  by t h e  s t r a i g h t  

l i n e ,  w h i l e  t h e  c o e f f i c i e n t  aCP c o r r e s p o n d s  t o  t h e  t a n g e n t  o f  t h e  a n g l e  
i 

between t h e  l i n e  and t h e  X-axis. 

4.122. Using t h e  second method t h e  v a l u e s  o f  A and a i  a r e  de te rmined  
i 

by t e s t i n g  a s i n g l e  sample. F i r s t  a d e t e r m i n a t i o n  is made o f  t h e  s e t t l e m e n t  o f  

t h e  sample  o f  f r o z e n  s o i l ,  which h a s  thawed under a l o a d  o f  0.1 kg/cmL, and  

it is r o u g h l y  assumed t h a t :  

i .e.  t h e  c o e f f i c i e n t  o f  thawing,  A i ,  is assumed t o  be e q u a l  t o  t h e  magni tude 

o f  t h e  r e l a t i v e  compress ion o f  t h e  f r o z e n  s o i l ,  
60 .1 '  

which h a s  thawed under  

2 
a l o a d  o f  0 .1  kg/cm , o r  t o  t h e  change i n  t h e  c o e f f i c i e n t  o f  p o r o s i t y ,  A E  . 
A l o a d  o f  1 kg/cm2 is t h e n  a p p l i e d  t o  t h e  thawed sample  o f  s o i l ,  t h e  

s e t t l e m e n t  is determined (once s t a b i l i z e d ) ,  and t h e  r e l a t i v e  compress ion,  

1 
6i= h , is c a l c u l a t e d ;  t h e  compaction c o e f f i c i e n t  d u r i n g  thawing is 

de te rmined  as: 

where 6 
1 

- is t h e  r e l a t i v e  compress ion o f  t h e  s o i l ,  which h a s  thawed under  
2 

a l o a d  o f  0.1 kg/cm , and which h a s  been compacted by a l o a d  

4.123. I t  is recommended t h a t  t h e  d e t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t s  Ai 

and  a by t h e  second method be c a r r i e d  o u t  a t  l e a s t  t h r e e  t i m e s  ( u s i n g  t h r e e  
i 

o r  more i d e n t i c a l  samples  o f  f r o z e n  s o i l ) .  The a v e r a g e  v a l u e s  o f  A i  and ai 

are c a l c u l a t e d  a s  t h e  a v e r a g e  a r i t h m e t i c  v a l u e s  o f  a l l  o f  t h e  d e t e r m i n a t i o n s .  

4.124. For p r e l i m i n a r y  c a l c u l a t i o n s ,  t h e  v a l u e  o f  t h e  r e l a t i v e  

compress ion,  6 i ,  o f  sandy p e r m a f r o s t  which h a s  thawed under  a s t r u c t u r e  may 

be determined u s i n g  t h e  formula:  



where Y L  - 
ck 

m 
"ck 

- 

t h e  u n i t  weight  o f  t h e  s k e l e t o n  o f  t h e  sandy s o i l  a f t e r  i t  h a s  

been compacted under  a  l o a d ,  is determined e x p e r i m e n t a l l y ,  whi le  

f o r  approximate  c a l c u l a t i o n s  o f  t h e  f i n a l  s e t t l e m e n t  it is t aken  

t o  be equa l  t o  t h e  u n i t  weight  o f  t h e  s k e l e t o n  o f  a i r - d r y  s o i l  

a t  its maximum d e n s i t y ,  i n  kg/cm3 ( a s  determined from samples  

whose s t r u c t u r e  h a s  been d i s t u r b e d ) ;  

t h e  u n i t  weight  o f  t h e  s k e l e t o n  o f  f r o z e n  s o i l ,  i n  kg/cm3, is 

determined u s i n g  samples  hav ing  n a t u r a l  s t r u c t u r e .  

RESISTANCE OF FROZEN SOILS TO NORMAL PRESSURE 

4.125. An impor tan t  c h a r a c t e r i s t i c  o f  f r o z e n  s o i l s  which a r e  used a s  t h e  

f o o t i n g s  f o r  b u i l d i n g s  and s t r u c t u r e s  is t h e i r  r e s i s t a n c e  t o  normal p r e s s u r e .  

The long-term v a l u e s  o f  t h i s  r e s i s t a n c e  is t a k e n  t o  be  t h e  s t a n d a r d  v a l u e  o f  

t h e  r e s i s t a n c e  of t h e  s o i l  t o  normal p r e s s u r e  RH and is used f o r  e v a l u a t i n g  

t h e  b e a r i n g  c a p a c i t y  o f  f r o z e n  s o i l  f o o t i n g s .  

4.126. The v a l u e  of t h e  s t a n d a r d  r e s i s t a n c e  o f  t h e  s o i l  t o  normal 

p r e s s u r e ,  R H ,  is o b t a i n e d  f o r  t h e  main t y p e s  o f  s o i l  from Table  6 i n  c h a p t e r  

11-B.6-66 o f  t h e  C o n s t r u c t i o n  S t a n d a r d s  and Regula t ions .  For many t y p e s  o f  

s o i l s  ( i c e - r i c h ,  s a l i n e ,  p e a t y ,  e t c . ) ,  and a l s o  i n  o r d e r  t o  c o r r e c t  and improve 

t h e  a c c u r a c y  o f  t h e  v a l u e s  which a r e  g i v e n  i n  t h e  C. S. & R . ,  it  is  recommended 
H t h a t  t h e  R b e  determined e x p e r i m e n t a l l y .  

4.127. The main method f o r  d e t e r m i n i n g  t h e  s t a n d a r d  r e s i s t a n c e  o f  f r o z e n  

s o i l s  t o  normal p r e s s u r e  R~ is t h a t  o f  t e s t i n g  t h e  s o i l s  under  s t a t i c  l o a d s  

( c r e e p  t e s t i n g ) .  The c r e e p  compression t e s t i n g  o f  f r o z e n  s o i l  is l a b o r i o u s  

because  it r e q u i r e s  t h a t  t h e  s o i l  and t h e  s u r r o u n d i n g  a i r  be k e p t  a t  below 

f r e e z i n g  t empera tu res  f o r  l o n g  p e r i o d s  o f  t i m e .  A s  a  r u l e ,  t h i s  method o f  

t e s t i n g  is used o n l y  i n  s p e c i a l  c a s e s  and when f o l l o w i n g  a s p e c i a l  program. 

4.128. The s t a n d a r d  r e s i s t a n c e  o f  f r o z e n  s o i l  t o  normal p r e s s u r e  R* is  

a l s o  determined under l a b o r a t o r y  c o n d i t i o n s  u s i n g  t h e  r e s u l t s  o f  tests c a r r i e d  

o u t  on f r o z e n  s o i l  samples  f o r  s h e a r ,  t r i a x i a l ,  and u n i a x i a l  compression.  A l l  

o f  t h e s e  t e s t s  a r e  c a r r i e d  o u t  under c o n d i t i o n s  o f  c r e e p  under c o n s t a n t  l o a d s .  



4.129. The methodology f o r  t e s t i n g  f r o z e n  s o i l  f o r  s h e a r  is d e s c r i b e d  i n  

s e c t i o n s  4.184-4.232. 

Because o f  i ts  i n h e r e n t  l a b o r i o u s n e s s ,  t h e  t r i a x i a l  compress ion t e s t i n g  o f  

f r o z e n  s o i l s  is c a r r i e d  o u t  o n l y  under  s p e c i a l  c i r c u m s t a n c e s .  These tests are 

c a r r i e d  o u t  d u r i n g  t h e  p l a n n i n g  o f  e s p e c i a l l y  i m p o r t a n t  s t r u c t u r e s ,  and a l s o  

when t h e  s o i l  works under such  c o n d i t i o n s  t h a t  t h r e e - d i m e n s i o n a l  p r e s s u r e  p l a y s  

a n  i m p o r t a n t  r o l e  (deep  underground workings and s t r u c t u r e s ,  t h e  f o o t i n g s  of 

h e a v i l y  loaded  f o u n d a t i o n s  w i t h  l a r g e  i n - p l a n  d imens ions ,  e t c . ) .  

The u n i a x i a l  compress ion t e s t i n g  o f  f r o z e n  s o i l  is c a r r i e d  o u t  o n l y  f o r  

c l a y e y  s o i l s .  They c o n s i s t  i n  t h e  t e s t i n g  o f  un i fo rm samples  o f  t h e  same t y p e  

under c o n s t a n t  p r e s s u r e  from l o a d s  o f  v a r i o u s  s i z e s .  

4.130. When d e t e r m i n i n g  i n  s t a n d a r d  r e s i s t a n c e ,  R ~ ,  it  is a l s o  p o s s i b l e  

t o  u s e  t h e  c h a r a c t e r i s t i c s  o f  t h e  e q u i v a l e n t  c o h e s i o n ,  c S K B  , and t h e  

r e s i s t a n c e  o f  t h e  s o i l  t o  compress ion,  a which a r e  o b t a i n e d  by s i m p l i f i e d  
cm ' 

q u i c k - t e s t i n g  o f  f r o z e n  s o i l  samples ,  a s  f o l l o w s :  

a )  t h e  s p h e r i c a l  s tamp method o f  t e s t i n g  s o i l  ( T s y t o v i c h ' s  method);  

b )  t h e  method o f  t e s t i n g  s o i l  f o r  u n i a x i a l  compress ion under  t h e  c o n d i t i o n  o f  

a  c o n s t a n t l y  chang ing  p r e s s u r e  ( V y a l o v l s  method).  

4.131. The s p h e r i c a l  s t amp method o f  t e s t i n g  is used f o r  a l l  v a r i e t i e s  o f  

f r o z e n  s o i l  h a v i n g  mass ive ,  small-mesh r e t i c u l a t e ,  and  t h i n - l a y e r e d  s t r u c t u r e ,  

w i t h  t h e  e x c e p t i o n  o f  m a c r o c l a s t i c  s o i l s  and c o a r s e  sand.  The method o f  

t e s t i n g  s o i l  f o r  u n i a x i a l  compress ion under  t h e  c o n d i t i o n  o f  chang ing  p r e s s u r e  

is used f o r  a l l  t y p e s  o f  sandy and c l a y e y  s o i l s ,  w i t h  t h e  e x c e p t i o n  o f  c l a y s  

wi th  l a y e r e d  s t r u c t u r e  and i c e  i n c l u s i o n s  t h i c k e r  t h a n  2  cm. 

4.132. The v a l u e  o f  t h e  s t a n d a r d  r e s i s t a n c e  o f  f r o z e n  s o i l  t o  normal 
H 

p r e s s u r e  R , from t h e  d a t a  which a r e  o b t a i n e d  by t e s t i n g  s o i l  samples  u s i n g  
1 

t h e  s p h e r i c a l  s tamp method, is de te rmined  u s i n g  t h e  formula  : 

Formulas ( 6 2 )  and ( 6 3 )  a r e  v a l i d  f o r  f o o t i n g s  under  f o u n d a t i o n s  which have  

round and s q u a r e  c r o s s  s e c t i o n s .  



H 
C 2 

where a u e  - is t h e  s t a n d a r d  v a l u e  o f  t h e  e q u i v a l e n t  c o h e s i o n ,  i n  kg/cm ; 
M 

- overweigh t ,  i n  kg; 
M 3 

'06 
- is t h e  u n i t  we igh t  o f  t h e  f r o z e n  s o i l ,  i n  kg/cm ; 

H - is t h e  d e p t h  a t  which t h e  f o u n d a t i o n  is l a i d ,  i n  cm. 

4.133. The v a l u e  o f  t h e  s t a n d a r d  r e s i s t a n c e  o f  f r o z e n  s o i l  t o  normal 

p r e s s u r e ,  R ~ ,  a c c o r d i n g  t o  t h e  d a t a  which a r e  o b t a i n e d  by t e s t i n g  s o i l  

samples  f o r  u n i a x i a l  compress ion under c o n d i t i o n s  o f  d e c r e a s i n g  p r e s s u r e ,  i s  

de te rmined  u s i n g  t h e  formula:  

H 
where a - is t h e  s t a n d a r d  v a l u e  o f  t h e  long-term r e s i s t a n c e  o f  t h e  s o i l  t o  

c m 
u n i a x i a l  compress ion.  

SPHERICAL STAMP METHOD OF TESTING 

4.134. The s p h e r i c a l  s t amp method o f  t e s t i n g  s o i l  samples  is based on t h e  

d e t e r m i n a t i o n  o f  c r e e p  d e f o r m a t i o n s  o f  s o i l  under  t h e  e f f e c t s  o f  l o a d  a p p l i e d  

f o r  a l o n g  time by a s p h e r i c a l  stamp. Using t h e  v a l u e s  which are o b t a i n e d  f o r  

t h e  de fo rmat ion  o f  t h e  s o i l  sample  t h e  e q u i v a l e n t  c o h e s i o n ,  caKB,  is c a l c u l a t e d  

and its change over  t i m e  is e s t a b l i s h e d .  

The e q u i v a l e n t  c o h e s i o n ,  c  is a  complex c h a r a c t e r i s t i c  o f  f r o z e n  s o i l  
3 K B  ' 

which t a k e s  i n t o  a c c o u n t  b o t h  its c o h e s i o n ,  c ,  and t h e  i n t e r n a l  f r i c t i o n  a n g l e ,  

4 ,  (when 4  $20'). 

4.135. The v a l u e  o f  t h e  e q u i v a l e n t  c o h e s i o n ,  c3,,, a t  each  i n s t a n t  i n  

time, is de te rmined  a c c o r d i n g  t o  t h e  p e n e t r a t i o n  o f  t h e  s p h e r i c a l  s t amp i n t o  

t h e  s o i l  under a  c o n s t a n t  l o a d ,  and is  c a l c u l a t e d  u s i n g  t h e  formula:  

where P  - is  t h e  l o a d  which is  t r a n s m i t t e d  t o  t h e  s t amp,  i n  kg;  

- is  t h e  d i a m e t e r  o f  t h e  s p h e r i c a l  s t amp,  i n  cm; 

- is t h e  de fo rmat ion  o f  t h e  s o i l  b e n e a t h  t h e  s tamp,  o r  t h e  dep th  

o f  p e n e t r a t i o n  o f  t h e  s t amp,  i n  cm. 



I n  t h e  above formula  (64 1, t h e  d e f o r m a t i o n  o f  t h e  s o i l  unde r  t h e  s t a m p  is  

a v a l u e  which is v a r i a b l e  o v e r  t ime  and  which depends  on t h e  l e n g t h  o f  time f o r  

which t h e  l o a d  is a p p l i e d .  Because  o f  t h i s ,  a d i s t i n c t i o n  is made between t h e  

g r e a t e s t ,  o r  a r b i t r a r i l y - i n s t a n t a n e o u s ,  e q u i v a l e n t  c o h e s i o n  o f  f r o z e n  s o i l ,  

C 
3 K B ' M T H  ' which is de te rmined  f o r  a t en - second  time a t  t h e  s tar t  o f  t h e  

e x p e r i m e n t ,  and t h e  smallest, o r  long- term,  e q u i v a l e n t  c o h e s i o n ,  c 
3 K B s A n  ' 

which is de te rmined  a f t e r  t h e  d e f o r m a t i o n  o f  t h e  sample  b e n e a t h  t h e  s t amp  h a s  

s t a b i l i z e d .  

APPARATUS 

4.136. I t  is recommended t h a t  t h e  e q u i v a l e n t  c o h e s i o n  o f  f r o z e n  s o i l  b e  

d e t e r m i n e d  u s i n g  s p h e r i c a l  s t amp  a p p a r a t u s .  A s c h e m a t i c  d i ag ram o f  one  s u c h  

a p p a r a t u s  is shown i n  F i g u r e  18. The s p h e r i c a l  s t a m p  a p p a r a t u s  is made u p  o f  

t h e  f o l l o w i n g  b a s i c  p a r t s :  a s u p p o r t ,  which is a l s o  t h e  b a s e  o f  t h e  a p p a r a t u s ,  

on which t h e  sample  rests; a c a n t i l e v e r ,  which h o l d s  a w e i g h t  p l a t f o r m ,  

m e a s u r i n g  d e v i c e ,  and s p h e r i c a l  s tamp;  a s u p p o r t i n g  p o s t ,  t o  which t h e  

c a n t i l e v e r  is a t t a c h e d  a t  v a r i o u s  work ing  p o s i t i o n s .  The s p h e r i c a l  s t amp  

a p p a r a t u s  i n c l u d e s  a s e l e c t i o n  o f  s t amps  o f  v a r i o u s  d i a m e t e r s .  

4.137. A s i n g l e - s t e m  and a m u l t i - s t e m  s p h e r i c a l  a p p a r a t u s  c a n  b e  

recommended f o r  d e t e r m i n i n g  t h e  e q u i v a l e n t  c o h e s i o n  o f  f r o z e n  s o i l s  ( F i g u r e s  1 9  

and 20) .  Sing le - s t em u n i t s  are d i s t i n g u i s h e d  by t h e i r  s i m p l e  d e s i g n ,  l i g h t  

w e i g h t ,  and small d imens ions .  The a d v a n t a g e  o f  mul t i - s t em u n i t s  c o n s i s t s  i n  

t h e  p o s s i b i l i t y  o f  s i m u l t a n e o u s l y  c a r r y i n g  o u t  measurements a t  s e v e r a l  

(depend ing  on t h e  number o f  s t e m s )  p o i n t s  on t h e  s a m p l e ,  which improves  

a c c u r a c y  and  r e d u c e s  t e s t i n g  time. 



F i g u r e  18 .  Schemat ic  d iagram o f  a s p h e r i c a l  s tamp a p p a r a t u s  (des igned  by t h e  
S c i e n t i f i c  Research Department o f  t h e  All-Union P l a n n i n g  Survey ing  
and S c i e n t i f i c  Research I n s t i t u t e )  

1- s u p p o r t  ( b a s e  p l a t e ) ;  2- c a n t i l e v e r ;  3- g u i d e  rod  ( p o s t ) ;  4- t o o t h e d  
r a c k ;  5- l e v e l  a d j u s t i n g  screw;  6- i n d i c a t o r ;  7- i n d i c a t o r  c lamping screw; 
8- weigh t  p l a t f o r m ;  9- s p h e r i c a l  stamp; 10- s tamp s t o p  screw.  

F i g u r e  19.  Lever-opera ted s i n g l e - s t e m  s p h e r i c a l  s t amp a p p a r a t u s  des igned  by 

Tsytovich-Faints immer  

F i g u r e  20. Tr ip le - s t em s p h e r i c a l  s tamp a p p a r a t u s  d e s i g n e d  by t h e  S c i e n t i f i c  

Research Department o f  t h e  All-Union P l a n n i n g ,  Survey ing  and 

S c i e n t i f i c  Research I n s t i t u t e .  

4.138. When t e s t i n g  f r o z e n  s o i l  which h a s  t h e  t y p e  o f  c r y o g e n i c  s t r u c t u r e  

which is d e s c r i b e d  i n  S e c t i o n  4.131, s p h e r i c a l  s tamps h a v i n g  a 

diamete r  o f  22 mm are used .  

When t e s t i n g  f r o z e n  s o i l  which c o n t a i n s  l a r g e r  i n c l u s i o n s  o f  i c e ,  u s e  is  

made o f  l a r g e r  s tamps;  t h e  d iamete r  o f  t h e  i n d e n t a t i o n  from t h e  s tamp must be 

a t  least t e n  t i m e s  l a r g e r  t h a n  t h e  l a r g e s t  v i s i b l e  p i e c e s  o f  ice. 



During t e s t i n g ,  i n  o r d e r  t o  p r o t e c t  a f r o z e n  s o i l  sample from t e m p e r a t u r e  

f l u c t u a t i o n s  and from d r y i n g  o u t ,  it is recommended t h a t  s p h e r i c a l  s t amp 

a p p a r a t u s  be p laced  e i t h e r  i n  a g l a s s e d - i n  s p e c i a l l y  dug r e c e s s  i n  p e r m a f r o s t ,  

when t h e  t e s t i n g  is b e i n g  c a r r i e d  o u t  under  f i e l d  c o n d i t i o n s ,  o r  t o  c o v e r  t h e  

a p p a r a t u s  w i t h  a  p r o t e c t i v e  hood ( c a s e )  made o u t  o f  a c r y l i c  p l a s t i c ,  when t h e  

t e s t s  a r e  conducted i n  a  c o o l i n g  chamber. A t  t h e  same t i m e ,  i t  is recommended 

t h a t  d u r i n g  t e s t i n g  t h e  sample  be covered  w i t h  a  paper  c i r c l e  made o u t  o f  

g l o s s y  o r  waxed paper and h a v i n g  t h e  same d i a m e t e r  a s  t h e  i n n e r  d iamete r  o f  t h e  

sample  r i n g .  The paper  c i r c l e  must have  and open ing  through which t h e  s tamp o f  

t h e  a p p a r a t u s  must b e  a b l e  t o  f r e e l y  pass .  

I n  o r d e r  t o  r e d u c e  e v a p o r a t i o n  from t h e  s u r f a c e  o f  a  f r o z e n  sample ,  p i e c e s  

o f  i c e  a r e  p laced  around t h e  a p p a r a t u s .  

TEST PROCEDURE 

4.139. The t e s t i n g  o f  a s o i l  sample w i t h  t h e  a i d  o f  a  s p h e r i c a l  s tamp is 

c a r r i e d  o u t  under a  l o a d  which is c o n s t a n t  t h r o u g h o u t  t h e  e n t i r e  exper iment .  

The magnitude o f  t h e  normal l o a d  is e s t a b l i s h e d  on t h e  b a s i s  o f  t h e  f o l l o w i n g  

recommendations.  When t e s t i n g  w i t h  a  s p h e r i c a l  s tamp which h a s  a d i a m e t e r  o f  

22 mm t h e  f o l l o w i n g  l o a d s  a r e  s e t :  2-3 kg on c l a y e y  f r o z e n  s o i l  which is i n  a  

p l a s t i c  f r o z e n  s t a t e ;  4-5 kg on sandy  s o i l  which i s  i n  a  p l a s t i c  f r o z e n  s t a t e ,  

and on  c l a y e y  s o i l  which is s o l i d l y  f r o z e n .  

4.140. When t e s t i n g  f r o z e n  s o i l  which c o n t a i n s  l a r g e  i c e  i n c l u s i o n s  ( s e e  

S e c t i o n  4 .138) ,  t h e  s i z e  o f  t h e  l o a d  i s  e s t a b l i s h e d  e x p e r i m e n t a l l y .  The s i z e  

o f  t h e  l o a d  is  determined on t h e  b a s i s  o f  d a t a  which a r e  o b t a i n e d  from a  s e r i e s  

o f  qu ick  t e s t s ;  t h e  d u r a t i o n  o f  t h e  t e s t  is set  a t  1 5  minutes  under  t h e  

c o n d i t i o n  t h a t  t h e  g r e a t e s t  p e n e t r a t i o n  o f  t h e  s t amp d u r i n g  t h i s  p e r i o d  

s a t i s f i e s  t h e  c o n d i t i o n  0  .005d<S15<0 .05d, where S  is t h e  de fo rmat ion  o f  
1 5  

t h e  f r o z e n  s o i l  under  t h e  s t amp d u r i n g  t h e  15 minu tes  from t h e  s ta r t  o f  t h e  

t e s t ;  d  is t h e  d i a m e t e r  o f  t h e  s p h e r i c a l  stamp. 

4.141. P r i o r  t o  e v e r y  t es t ,  t h e  a p p a r a t u s  is checked i n  t h e  f o l l o w i n g  

manner: t h e  a p p a r a t u s  is set up i n  a  h o r i z o n t a l  p o s i t i o n  ( s e e  S e c t i o n  4 .19) ,  

c a l i b r a t e d  ( s e e  S e c t i o n  4.201, t h e  gauges  a r e  i n s t a l l e d ,  t h e  w e i g h t s  are 

s e l e c t e d  ( s e e  S e c t i o n s  4.139 and 4 .140) ,  t h e  f r e e  movement o f  t h e  s t ems  is 

checked,  and t h e y  a r e  ba lanced  ( s e e  S e c t i o n  4.142).  



4.142. The s i n g l e - s t e m  s p h e r i c a l  s t amp a p p a r a t u s  is b a l a n c e d  e i t h e r  w i t h  

t h e  a i d  o f  c o u n t e r w e i g h t s  ( i n  t h e  case o f  a l e v e r  d e v i c e ) ,  o r  w i t h  t h e  a i d  o f  a 

c a l i b r a t i o n  s p r i n g .  

The l o a d i n g  o f  t h e  mul t i - s t em a p p a r a t u s  is c a r r i e d  o u t  w i t h o u t  b a l a n c i n g  

t h e  stem and stamp. The w e i g h t s  o f  t h e  stem and t h e  s t amp are i n c l u d e d  i n  t h e  

t o t a l  w e i g h t ,  i .e.  t h e y  are t a k e n  i n t o  a c c o u n t  i n  t h e  d e t e r m i n a t i o n  o f  t h e  

t o t a l  l o a d .  

4.143. A s o i l  sample ,  which h a s  been p r e p a r e d  i n  accordance  w i t h  S e c t i o n s  

4.4-4.13, and which h a s  been k e p t  a t  t h e  r e q u i r e d  t e m p e r a t u r e  ( s e c t i o n  4 .14) ,  

is p u t  i n t o  p l a c e  on t h e  b a s e  p l a t e  o f  t h e  a p p a r a t u s  ( s e e  F i g u r e  1 8 ) ,  af ter  

which i t  is p r e s s e d  w i t h  a f l a t  l o a d i n g  c a p  as s p e c i f i e d  i n  S e c t i o n  4.21. The 

s p h e r i c a l  s t amp is t h e n  lowered t o  t h e  s u r f a c e  o f  t h e  s o i l  u n t i l  t h e  p o i n t e r  on 

t h e  gauge moves by 1-2 d i v i s i o n s ,  a t  which p o i n t  t h e  s t o p  screw is t i g h t e n e d .  

The gauge is "set t o  z e r o n  by r o t a t i n g  t h e  d i a l  and t h e  s e l e c t e d  weights 

( d e t e r m i n e d  a s  s p e c i f i e d  i n  S e c t i o n s  4.139 and 4.140) are l o a d e d  o n t o  t h e  

we igh t  p l a t f o r m .  T h i s  l o a d  is t h e n  a p p l i e d  t o  t h e  sample  o f  f r o z e n  s o i l  by 

l o o s e n i n g  t h e  s tamp s t o p  screw. AS soon  as t h e  l o a d  is a p p l i e d ,  a timer is 

s w i t c h e d  on and t h e  gauge r e a d i n g s  are r e c o r d e d  i n  a l o g  (Tab le  35) .  

4.144. Gauge r e a d i n g s  are t a k e n  1, 5 ,  10 ,  20 ,  and 30 minu tes  ( a c c o r d i n g  t o  

t h e  t i m e r )  from t h e  s ta r t  o f  t h e  t e s t ,  t h e n  a f t e r  1, 2 ,  3 ,  4 ,  6 ,  and 8 h o u r s ,  

and  t h e n  once  p e r  day u n t i l  d e f o r m a t i o n  h a s  f u l l y  s t a b i l i z e d .  The 

s t a b i l i z a t i o n  o f  de fo rmat ion  cr i t e r i o m  is its i n c r e a s e ,  which must n o t  exceed  

0.01 mm d u r i n g  t h e  c o u r s e  o f  two s u c c e e d i n g  24-hour i n t e r v a l s .  

4.145. A c c e l e r a t e d  s p h e r i c a l  s t amp t e s t i n g  o f  f r o z e n  s o i l  is a l s o  

p e r m i t t e d ,  i n  which c a s e  t h e  t e s t  l a s t s  8 h o u r s  from t h e  moment t h e  l o a d  is 

a p p l i e d  . 
4.146. The s t amps  o f  a mult i -s tem s p h e r i c a l  s t a m p  a p p a r a t u s  are loaded  a t  

i n t e r v a l s  o f  t e n  minutes .  T h e r e a f t e r  t h e  t e s t i n g  p rocedure  is t h e  same as t h a t  

f o r  t e s t i n g  samples  on a s i n g l e - s t e m  s p h e r i c a l  a p p a r a t u s  ( S e c t i o n  4.144). 

4.147. The t e s t i n g  o f  a f r o z e n  s o i l  sample  is c a r r i e d  o u t  a t  least i n  

t r i p l i c a t e ,  t h e  d i s t a n c e  from t h e  i n d e n t a t i o n  c e n t e r s  from t h e  s p h e r i c a l  s t amps  

b e i n g  a t  l e a s t  25% g r e a t e r  t h a n  t h e  d i a m e t e r  o f  t h e  s t amp (1.25d).  



4.148. Dur ing  t e s t i n g ,  t h e  d e f o r m a t i o n  o f  t h e  s o i l  s ample  and t h e  

t e m p e r a t u r e  o f  t h e  s u r r o u n d i n g  a i r  are moni to red .  The a i r  t e m p e r a t u r e  is 

r e c o r d e d  e i t h e r  a u t o m a t i c a l l y ,  w i t h  t h e  a i d  o f  a t e m p e r a t u r e  r e c o r d e r ,  o r  by 

means o f  i n d i v i d u a l  r e a d i n g s  t a k e n  u s i n g  a p s y c h r o m e t r i c  thermometer which is 

i n s t a l l e d  n e x t  t o  t h e  a p p a r a t u s .  The mercury  b u l b  o f  t h e  thermometer s h o u l d  be  

a t  t h e  same l e v e l  a s  t h e  t o p  o f  t h e  sample .  The r e a d i n g s  a r e  r e c o r d e d  i n  a l o g  

( T a b l e  35).  

4.149. After t h e  d e f o r m a t i o n  of  t h e  s o i l  s ample  under  t h e  s p h e r i c a l  s t amp 

h a s  s t a b i l i z e d ,  t h e  tes t  is c o n s i d e r e d  t o  b e  f i n i s h e d  and t h e  a p p a r a t u s  is 

un loaded ;  t h e  s o i l  sample  is removed from t h e  r i n g ,  weighed on a 

c o u n t e r - b a l a n c e ,  which is  k e p t  i n  t h e  same room, and t h e n  d r i e d  i n  a d e s i c c a t o r  

u n t i l  a  c o n s t a n t  w e i g h t  is a c h i e v e d .  

T a b l e  35 

a- Data from o b s e r v a t i o n s  made d u r i n g  t h e  s p h e r i c a l  s t amp t e s t i n g  o f  f r o z e n  

'I a 6 .q H 11 a 35 

(eopua)  

a- &annut na6nmnenuR npn wcnb~rannti ~epsnoro r p y n ~ a  wapwwosum w ~ r u n o n  

s o i l ;  b- Date; c- Time o f  r e a d i n g ;  d- h o u r s ;  e- m i n u t e s ;  f-  Time from t h e  

b e g i n n i n g  o f  t h e  t e s t ;  g- Gauge r e a d i n g s ;  h- Deformat ion o f  t h e  s o i l  

( s e t t l e m e n t )  Su, i n  mm; i- S o i l  c o h e s i o n  c~~~ * i n  kg/cm2; j- T e s t i n g  

t e m p e r a t u r e  0 ,  i n  OC; k- Remarks 
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T a b l e  36 

a- R e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  t h e  e q u i v a l e n 5  cohes ion  o f  f r o z e n  s o i l ;  b- 

M 
T e s t  No.; c- Type o f  s o i l ;  d- Uni t  we igh t  o f  t h e  f r o z e n  s o i l  y 

06 ' i n  g/cm3; 
e- Mois tu re  c o n t e n t  W i n  5;  f -  Magnitude o f  t h e  e q u i v a l e n t  cohes ion  o f  t h e  

t '  
H 

s o i l  c ~ ~ ~ . ~ ~  ; g- Standard  v a l u e  o f  t h e  e q u i v a l e n t  cohes ion  o f  t h e  s o i l  c 

H 
3 K B  ' 

h- S t a n d a r d  r e s i s t a n c e  o f  t h e  f r o z e n  s o i l  t o  normal p r e s s u r e  R , i n  kg/cm2; 

i- Remarks. 

(@op \I a 

a- P e ~ y n b ~ a r w  o ~ ~ p e i l e ~ e n r t n  ~ u e ~ s a n e n ~ n o r o  cuellnennn ~ e p 3 n u r o  rpy nTa 
-- 

LONG-TERM VALUE COHESION OF FROZEN SOIL 

4.150. The magnitude o f  t h e  e q u i v a l e n t  c o h e s i o n ,  c  o f  f r o z e n  s o i l  is  
3 K B  ' 

de te rmined  from t h e  r e s u l t s  o f  t e s t i n g  o f  t h e  s o i l  by t h e  s p h e r i c a l  s tamp 

method. The magnitude o f  ?he c o h e s i o n ,  c  , is c a l c u l a t e d  u s i n g  formula  ( 6 4 )  

2 
3 K B 

t o  a n  accuracy  o f  - +0.01 kg/cm . The r e s u l t s  o f  t h e  c a l c u l a t i o n s  are r e c o r d e d  

i n  a  l o g  ( T a b l e  35) .  
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4.151. Using t h e  o b t a i n e d  v a l u e s  f o r  t h e  e q u i v a l e n t  c o h e s i o n ,  c  
3 K B  

, of 

t h e  f r o z e n  s o i l ,  a  c u r v e  is  p l o t t e d  o f  cohes ion  a s  a  f u n c t i o n  o f  time, t ,  i . e .  

O6ae\ i~t .1.? n ~ , c  
hlC;13nOl'U I.p!.lt 1.1 

.7,1c.l: 

d - 

I ~ , I ~ I ~ I ~ ~ I I ~ I I U ~  
~ H . I ~ ~ I I I I C  3 1 i a n ~ a -  

-I('Ii1 I101 1) CUI I I ! .  

nCHll5l I'py1rT.J HOp)I3.ll,,,,),,y 11 1~11.+1~qa1111@ 

ctl 

g- 3KB - R ~ ,  K ~ ! L . w ~  i- 

a c u r v e  o f  t h e  long-term s t r e n g t h ,  which is  t h e n  used t o  d e t e r m i n e  t h e  

i n s t a n t a n e o u s ,  c  , and t h e  long- te rm,  c  3 K B . a n ,  cohes ion  o f  t h e  s o i l .  
3 K B . M I - H  

The magni tude o f  t h e  i n s t a n t a n e o u s  c o h e s i o n ,  c  c o r r e s p o n d s  t o  t h e  
3 K B .  M T H '  

o r d i n a t e  a t  t e n  seconds  a f t e r  t h e  a p p l i c a t i o n  o f  t h e  l o a d ,  w h i l e  t h e  magnitude 

of  t h e  long-term c o h e s i o n ,  c  c o r r e s p o n d s  t o  t h e  o r d i n a t e  a t  which t h e  
~ K B  .an ' 

deformat ion  s t a b i l i z e s  ( F i g u r e  2 1 ) .  The r e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  t h e  

long-term e q u i v a l e n t  cohes ion  a r e  r e c o r d e d  i n  a  l o g  ( T a b l e  36). 



F i g u r e  21. Change over  t ime  i n  t h e  r e s i s t a n c e  o f  f r o z e n  s o i l  t o  i n d e n t a t i o n  by 

a s p h e r i c a l  stamp. 

4.152. The magnitude o f  t h e  long-term e q u i v a l e n t  c o h e s i o n ,  based upon t h e  

r e s u l t s  o f  r a p i d  (8-hour) tests, is de te rmined  w i t h  t h e  a i d  o f  t h e  f o l l o w i n g  

e x p r e s s i o n  : 

where c - is  t h e  e q u i v a l e n t  c o h e s i o n ,  as c a l c u l a t e d  from t h e  de fo rmat ion  

o f  t h e  sample under  t h e  s t amp,  o b t a i n e d  8 h o u r s  a f t e r  t h e  

a p p a r a t u s  is loaded.  
n 

4.153. The s t a n d a r d  v a l u e  o f  t h e  long-term c o h e s i o n  o f  f r o z e n  s o i l ,  
~ K B '  

is de te rmined  a s  t h e  a v e r a g e  v a l u e  o f  s e v e r a l  ( a  minimum o f  t h r e e )  r e p e a t  

d e t e r m i n a t i o n s .  The r e s u l t s  o f  t h e  d e t e r m i n a t i o n s  a r e  r e c o r d e d  i n  a l o g  ( T a b l e  

3 6 ) .  



UNIAXIAL COMPRESSION UNDER CONSTANTLY CHANGING PRESSURE 

4.154. The method o f  t e s t i n g  a f r o z e n  s o i l  sample  f o r  u n i a x i a l  compress ion 

under  a c o n s t a n t l y  chang ing  p r e s s u r e  amounts t o  d e t e r m i n i n g  t h e  minimum v a l u e  

o f  t h e  p r e s s u r e  which becomes e s t a b l i s h e d  i n  t h e  sample  o f  f r o z e n  s o i l  under  

t h e  long-term e f f e c t s  o f  a compress ion which d e c r e a s e s  o v e r  t ime.  T h i s  l o a d  

comes from a pre-compressed dynamometer ( p r o v i n g  r i n g ) .  The t e s t i n g  o f  t h e  

s o i l  sample  is accompanied by t h e  development o f  c r e e p  d e f o r m a t i o n ,  a s  a r e s u l t  

o f  which t h e  dynamometer is r e l e a s e d  and t h e  l o a d  which it  t r a n s m i t s  is 

reduced .  During t e s t i n g ,  t h i s  p r o c e s s  is c o n t i n u e d  u n t i l  de fo rmat ion  h a s  

s t a b i l i z e d .  

4.155. The s t a b i l i z a t i o n  o f  t h e  de fo rmat ion  o f  t h e  s o i l  sample  c o r r e s p o n d s  

t o  t h e  o n s e t  o f  e q u i l i b r i u m  between t h e  l o a d  which is t r a n s m i t t e d  by t h e  

dynamometer and t h e  i n t e r n a l  f o r c e s  o f  r e s i s t a n c e  o f  t h e  s o i l .  I f  t h e  s t a r t i n g  

p r e s s u r e  is set  a t  c l o s e  t o  t h e  a r b i t r a r y - i n s t a n t a n e o u s  r e s i s t a n c e  o f  t h e  s o i l  

t o  compress ion,  U c m . M H r ,  t h e n  t h e  end p r e s s u r e ,  a t  which t h e  s t a b i l i z a t i o n  o f  

de fo rmat ion  i s  a c h i e v e d ,  c o r r e s p o n d s  t o  t h e  long-term s t r e n g t h  o f  t h e  s o i l  

under  compress ion.  

4.156. Using t h e  test r e s u l t s  from two samples  ( n o t  c o u n t i n g  r e p l i c a t i o n )  

t e s t e d  by t h e  method o f  u n i a x i a l  compress ion under  c o n s t a n t l y  d e c r e a s i n g  

p r e s s u r e ,  u t h e  long-term s t r e n g t h  under compress ion,  a is de te rmined .  
cm ' cm .an ' 

APPARATUS 

4.157. A dynamometric ( p r o v i n g  r i n g )  a p p a r a t u s ,  as des igned  by 

Vyalov-Ermakov, is used f o r  t e s t i n g  ( F i g u r e  22) .  The a p p a r a t u s  compr i ses  t h e  

f o l l o w i n g  main assembl ies :  a l o a d i n g  means, a sample  dynamometer wi th  an  

i n d i c a t o r  f o r  measur ing t h e  d e f o r m a t i o n s  o f  t h e  dynamometer, and a l s o  a n  

i n d i c a t o r  f o r  measur ing t h e  d e f o r m a t i o n s  o f  t h e  s o i l  sample  and o f  t h e  hous ing .  



F i g u r e  22. Schemat ic  d iagram o f  t h e  dynamometer a p p a r a t u s .  

1- sample;  2- gauge f o r  measur ing  t h e  d e f o r m a t i o n  o f  t h e  sample;  3- punch; 

4- sample  dynamometer ( p r o v i n g  r i n g ) ;  5- i n d i c a t o r  f o r  measur ing  t h e  

d e f o r m a t i o n s  o f  t h e  dynamometer ; 6- s p h e r i c a l  j o i n t ;  7- hous ing ;  8- 

t u r n s c r e w ;  9- l o a d i n g  screw;  10- b a s e - p l a t e  r e c e s s ;  11- s tamp r e c e s s ;  12- 

b a s e  p l a t e ;  13- bench. 

4.158. The l o a d i n g  means c o n s i s t s  o f  a s c r e w  and a tu rnsc rew.  The sample  

dynamometer, which h a s  a c a p a c i t y  o f  0.2 t o  5 t o n n e s ,  t r a n s m i t s  t h e  l o a d  t o  t h e  

s o i l  sample.  The d e f o r m t i o n  o f  t h e  dynamometer is measured by means o f  gauge 

w i t h  s c a l e  d i v i s i o n s  o f  0.01 mm, w h i l e  t h e  d e f o r m a t i o n  o f  t h e  s o i l  sample  is 

measured w i t h  t h e  a i d  o f  gauge h a v i n g  s c a l e  d i v i s i o n s  o f  0.01-0.02 mm. The 

a p p a r a t u s  is mounted on a bench whose l e g s  a r e  equipped w i t h  s c r e w s  f o r  

h o r i z o n t a l  l e v e l l i n g .  Loads a r e  a p p l i e d  t o  t h e  sample  by u s i n g  t h e  t u r n s c r e w  

t o  t u r n  t h e  l o a d i n g  screw.  The f o r c e  from t h e  l o a d i n g  screw is t r a n s m i t t e d  

th rough  t h e  s p h e r i c a l  j o i n t  t o  t h e  dynamometer and t h e n c e ,  through t h e  punch,  

t o  t h e  sample o f  f r o z e n  s o i l .  

4.159. I n  o r d e r  t o  e n s u r e  t h a t  t h e  sample  is c e n t e r e d ,  t h e  b a s e  p l a t e  o f  

t h e  a p p a r a t u s  h a s  a s p e c i a l  c y l i n d r i c a l  r e c e s s  whose c e n t e r  is s t r i c t l y  i n  l i n e  

wi th  t h e  v e r t i c a l  a x i s  o f  t h e  a p p a r a t u s .  The s t amp (punch) ,  which is used t o  

t r a n s m i t  t h e  l o a d  t o  t h e  s o i l  sample ,  a l s o  h a s  a similar r e c e s s  (whose d i a m e t e r  

is t h e  same as t h a t  o f  t h e  s a m p l e ) ;  t h e  punch is mounted i n  a s p e c i a l  g u i d e  

r i n g ,  which is p r e c i s e l y  c e n t e r e d  w i t h  r e s p e c t  t o  t h e  a x i s  o f  t h e  a p p a r a t u s ;  

t h e  dynamometer is i n s t a l l e d  between t h e  s tamp and t h e  l o a d i n g  sc rew,  and t h e  

c o n n e c t i o n  between t h e  l o a d i n g  sc rew and t h e  dynamometer is i n  t h e  form o f  a 

s p h e r i c a l  j o i n t .  



4.160. The a p p a r a t u s  is d e s i g n e d  f o r  t e s t i n g  c y l i n d r i c a l  samples  w i t h  a 

d i a m e t e r  o f  45.2 mm and a h e i g h t  o f  100 mm. The t o p  compress ing  f o r c e  is  3000 

kg 

4.161. The de fo rmat ion  o f  t h e  dynamometer A 1  i n  mm f o r  any i n s t a n t  o f  time 

is de te rmined  from t h e  d i f f e r e n c e  between i ts  i n i t i a l  compress ion,  A ,  and 

decompress ion,  A 1 ( t ) ,  which depends on t h e  l e n g t h  o f  t h e  t e s t  (when i t  is 

t e n s i o n e d  t h e r e  a r i s e s  i n  t h e  dynamometer a n  i n i t i a l  de fo rmat ion  o f  compress ion 

F i g u r e  23.  The development o f  d e f o r m a t i o n s  o v e r  time d u r i n g  t e s t i n g  w i t h  a 

dynamometer a p p a r a t u s .  

a- o f  t h e  dynamometer; b- o f  t h e  sample  

A 1  ( F i g u r e  2 3 a ) ,  b u t  d u r i n g  t e s t i n g  t h e  dynamometer is g r a d u a l l y  decompressed 
0 

t o  a v a l u e  A t .  T h i s  d e f o r m a t i o n  is measured w i t h  t h e  a i d  o f  t h e  gauge.  I n  

t h i s  way, t h e  t o t a l  d e f o r m a t i o n  o f  t h e  dynamometer a t  a g i v e n  i n s t a n t  is  

de te rmined  u s i n g  t h e  e x p r e s s i o n :  

A s  t h e  dynamometer decompresses its d e f o r m a t i o n ,  A 1 ( t ) ,  is reduced u n t i l  

i t  a t t a i n s  its f i n a l  v a l u e ,  h i  , which c o r r e s p o n d s  t o  t h e  s t a b i l i z e d  s tate.  

4.162. The de fo rmat ion  o f  t h e  s o i l  sample ,  A l l ,  is de te rmined  d i r e c t l y  

from t h e  i n d i c a t o r  r e a d i n g s .  The d e f o r m a t i o n  o f  t h e  s o i l  sample compr i ses  t h e  

i n i t i a l  d e f o r m a t i o n ,  A; , and t h e  de fo rmat ion  which d e v e l o p s  over  t i m e ,  h l 1 ( t ) .  

The l a t t e r  is  c a l c u l a t e d  u s i n g  t h e  formula:  



4.163. The magnitude o f  t h e  load  which is t r a n s m i t t e d  by t h e  dynamometer 

t o  t h e  sample is determined e i t h e r  from a c a l i b r a t i o n  c h a r t  o r  is c a l c u l a t e d  

u s i n g  t h e  formula: 

where K - is t h e  c o e f f i c i e n t  o f  r i g i d i t y  o f  t h e  dynamometer, a s  determined 
FI 

from t h e  c a l i b r a t i o n  d a t a ,  i n  kg/mm; 

h 1  - is  t h e  deformation o f  t h e  dynamometer, a s  determined u s i n g  

express ion  ( 6 6 ) ,  i n  mm. 

TEST PROCEDURE 

4.164. F i r s t ,  be fo re  determining t h e  long-term r e s i s t a n c e  o f  t h e  sample o f  

f rozen  s o i l  t o  compression, 0 , t h e  sample is t e s t e d  under t h e  c o n d i t i o n s  
c m . w  

o f  t h e  r a p i d  a p p l i c a t i o n  o f  an  i n c r e a s i n g  load ,  by which means t h e  

a rb i t r a ry - in s t an t aneous  maximum r e s i s t a n c e  o f  t h e  sample o f  t h e  given s o i l  type  

t o  compression under a l oad ,  P [MTH is t h e  abb rev i a t i on  f o r  ins tan taneous .  
M T  H 

T r a n s l a t o r ] ,  is determined. Then an i d e n t i c a l  s o i l  sample is used t o  c a r r y  o u t  

t h e  main t e s t  t o  determine t h e  magnitude o f  t h e  long-term r e s i s t a n c e ,  
Uc,.a,. 

The f i r s t  load which is app l i ed  du r ing  t h i s  test  is c l o s e  t o  ( s l i g h t l y  less 

t han )  PMrH. 

4.165. Tes t i ng  i s  c a r r i e d  o u t  i n  a co ld  room a t  nega t ive  tempera ture ,  a s  

s p e c i f i e d .  The prepared s o i l  sample,  which h a s  been kept  f o r  t h e  necessary  

l eng th  o f  time a t  t h e  t e s t i n g  tempera ture ,  is placed  i n t o  t h e  appara tus .  The 

loading  screw must be i n  c l o s e  c o n t a c t  wi th  t h e  dynamometer, which is  

accomplished by s lowly t u r n i n g  t h e  screw u n t i l  t h e  p o i n t e r  o f  t h e  gauge, a f t e r  

moving s l i g h t l y ,  r e t u r n s  t o  zero .  After t h e  sample is i n  p l ace ,  it is allowed 

t o  rest i n  t h e  appa ra tu s  f o r  a t  l e a s t  one hour a t  t h e  s p e c i f i e d  temperature .  

4.166. Tes t i ng ,  du r ing  which t h e  load is  a p p l i e d  r a p i d l y ,  is c a r r i e d  o u t  

by t u r n i n g  t h e  turnscrew i n  o rde r  t o  t r a n s m i t  a cont inuous and evenly 

i nc reas ing  load t o  t h e  sample. This  test l a s t s  20-30 seconds and is completed 

e i t h e r  when t h e  sample breaks  up o r  when t h e  a x i a l  deformation o f  t h e  s o i l  

sample reaches  20% o f  t h e  i n i t i a l  h e i g h t ,  i.e. when Xw=0.2h mm. A t  t h e  end o f  

t he  t es t ,  a de te rmina t ion  is made o f  t h e  deformation o f  t h e  dynamometer X I ,  

which corresponds t o  t h e  breakup o f  t h e  sample o r  o f  i ts deformation ~ " = 0 . 2 h .  



4.167. The magni tude  o f  t h e  l o a d  a t  which t h e  sample  b r o k e  up ,  o r  a t  

which t h e  l e v e l  o f  d e f o r m a t i o n  o f  t h e  sample  Xn=0.2h was a t t a i n e d ,  c o r r e s p o n d s  

t o  t h e  a r b i t r a r y - i n s t a n t a n e o u s  maximum b r e a k i n g  l o a d  P . T h i s  l o a d  is 
CX . M T H  

d e t e r m i n e d  e i t h e r  d i r e c t l y  from t h e  c a l i b r a t i o n  g r a p h  f o r  t h e  g i v e n  dynamometer 

o r  by u s i n g  e x p r e s i o n  ( 6 8 ) .  

4.168. B e f o r e  c a r r y i n g  o u t  t h e  main t e s t  t o  d e t e r m i n e  t h e  long- term 

b r e a k i n g  s t r e n g t h ,  U 
cx .an ' t h e  sample  is f i r s t  p r e s s e d  under  a l o a d  e q u a l  t o  

0.25 PMrH . T h i s  is accompl ished by compress ing  t h e  dynamometer t o  t h e  v a l u e  

which is de te rmined  by u s i n g  t h e  e x p r e s s i o n :  

The sample  is k e p t  under  t h i s  l o a d  f o r  2 m i n u t e s ,  a f t e r  which t h e  l o a d  is 

removed and t h e  sample  is k e p t  i n  t h e  a p p a r a t u s  f o r  2  h o u r s  a t  t h e  t e s t i n g  

t e m p e r a t u r e .  

4.169. The main test  f o r  d e t e r m i n i n g  t h e  long- term r e s i s t a n c e  t o  

compress ion ,  u is c a r r i e d  o u t  s t a r t i n g  w i t h  a n  i n i t i a l  l o a d  o f  P - 
cm.an ' H - 

0.75 PMrH . 
4.170. The a p p l i c a t i o n  o f  t h e  l o a d  t o  t h e  s o i l  s ample  p roceeds  smooth ly  

b u t  q u i t e  r a p i d l y ,  t a k i n g  10-15 seconds .  Dur ing l o a d i n g ,  care is t a k e n  t h a t  

c r a c k s  n o t  a p p e a r  i n  t h e  s o i l  s ample ,  and t h a t  a l i g n m e n t  is n o t  l o s t  d u r i n g  

s u b s e q u e n t  t e s t i n g .  I n  t h e  e v e n t  t h a t  c r a c k s  o r  misa l ignment  o c c u r ,  t h e  tes t  

is r e s t a r t e d .  

4.171. A f t e r  t h e  a p p l i c a t i o n  o f  t h e  i n i t i a l  l o a d ,  pH,  t h e  p o s i t i o n  o f  

t h e  dynamometer is f i x e d  w i t h  t h e  a i d  o f  a compress ion d e v i c e  and a n  immedia te  

r e c o r d  is  made o f  t h e  gauge r e a d i n g s ,  which are u s e d  t o  d e t e r m i n e  t h e  i n i t i a l  

d e f o r m a t i o n s  o f  t h e  sample  A" and o f  t h e  dynamometer A' 
0 0 ' 



T a b l e  37 

T a d n l r u n  37 

( @ O P M ~ I  ) 

Aannue na6nmncnnl npn ncnurannn Mcpsnoro rpynra Ha onnoocnoe cwratwe s nunaromnpwwcrol ycranorme 

a- Data o f  o b s e r v a t i o n s  made d u r i n g  t h e  t e s t i n g  o f  f r o z e n  s o i l  f o r  

u n i a x i a l  compression u s i n g  a dynamometer a p p a r a t u s  ( p r o v i n g  r i n g ) ;  b- 

Dynamometer number; c- C o e f f i c i e n t  o f  r i g i d i t y  o f  t h e  dynamometer K , i n  
A 

kg/cm; d- I n i t i a l  de fo rmat ion  o f  t h e  dynamometer A '  i n  mm; e- I n i t i a l  
0 ' 

l o a d  pH,  i n  kg;  f-  I n i t i a l  de fo rmat ion  o f  t h e  sample A" i n  mm; g- o ' 
Date;  h- Time of r e a d i n g ;  i- Time from start  o f  t e s t ,  t ;  j- I n d i c a t o r  

r e a d i n g s ;  k- dynamometer; 1- sample;  m- Absolu te  d e f o r m a t i o n  A , i n  mm; n- 

Load P ,  i n  kg;  o- Temperature  8, i n  OC; p- Remarks. 



A s  t h e  tests proceed ,  t h e  chang ing  d e f o r m a t i o n s  o f  t h e  sample  and 

dynamometer o v e r  time are monitored.  Gauge r e a d i n g s  a r e  first r e c o r d e d  a f t e r  

e v e r y  20-30 s e c o n d s ,  t h e n  a f t e r  1, 5 ,  10, 2 0 ,  and 40 m i n u t e s ,  t h e n  a f t e r  3 ,  5 ,  

8 ,  1 2 ,  and 24 h o u r s  from t h e  s t a r t  o f  t h e  t e s t ,  and f i n a l l y  once  p e r  day. The 

r e s u l t s  of  t h e  o b s e r v a t i o n s  a r e  r ecorded  i n  a  l o g  ( T a b l e  3 7 ) .  

4.172. The test is concluded when de format ion  h a s  s t a b i l i z e d .  Deformation 

is c o n s i d e r e d  t o  have s t a b i l i z e d  when t h e  i n c r e a s e  i n  r e l a t i v e  de fo rmat ion  o f  
A" - 4 

t h e  sample ,  6=-- , does  n o t  exceed 0.5X10 p e r  day.  For  a  more a c c u r a t e  
h 

d e t e r m i n a t i o n  o f ,  ucx.an , ( i f  t h i s  is  c a l l e d  f o r  by t h e  p l a n ) ,  t h e  i n c r e a s e  i n  

t h e  de fo rmat ion  of t h e  sample  must n o t  exceed 6 = 0 . 2 5 ~ 1 0 - ~  o v e r  t h e  c o u r s e  o f  

f i v e  days .  On t h e  b a s i s  o f  t h e  test  r e s u l t s ,  formula ( 6 6 )  is used t o  c a l c u l a t e  

t h e  a b s o l u t e  f i n a l  de fo rmat ion  h i  o f  t h e  dynamometer. 

DETERMINATION OF THE LONG-TERM RESISTANCE OF SOIL TO UNIAXIAL COMPRESSION 

4.173. Using t h e  o b t a i n e d  v a l u e  f o r  t h e  d e f o r m a t i o n ,  h i  , a d e t e r m i n a t i o n  

i s  made o f  t h e  f i n a l  l o a d ,  Pk,  a s  pe r  S e c t i o n  4.163, which c o r r e s p o n d s  t o  

s t a b i l i z e d  de fo rmat ion .  

4.174. On t h e  b a s i s  o f  t h e  o b t a i n e d  d a t a ,  a  d e t e r m i n a t i o n  is  made o f  t h e  

l i m i t  o f  t h e  long-term r e s i s t a n c e  o f  t h e  s o i l  sample  d u r i n g  compress ion ,  

u  2  
cx.An kg/cm . When t h e  dynamometer is r i g i d  enough, acm.an=uk, where 

a  is t h e  f i n a l  p r e s s u r e  v a l u e ,  as determined w i t h  t h e  a i d  o f  t h e  e x p r e s s i o n  
k  

u  - 2 
'k , where F is  t h e  a r e a  o f  t h e  sample ,  i n  crn , a t  t h e  c o n c l u s i o n  o f  

k- 7 
t h e  i e s t  . 

4.175. The r i g i d i t y  o f  t h e  dynamometer, a t  which t h e  e x p r e s s i o n  U c m a A n  

=ak  is v a l i d ,  is determined by u s i n g  t h e  formula:  

where A" 
0 

- is t h e  i n i t i a l  de fo rmat ion  o f  t h e  sample;  

h i  
- is  t h e  f i n a l  s t a b i l i z e d  de fo rmat ion  o f  t h e  sample ,  i n  mm; 

A - is t h e  p e r m i s s i b l e  e r r o r ,  which is t a k e n  t o  b e  0.1. 

4.176. I n  t h e  e v e n t  t h a t  t h e  c o n d i t i o n  s p e c i f i e d  by formula  ( 6 9 )  is n o t  

s a t i s f i e d ,  t h e  v a l u e  o f  t h e  long-term s t r e n g t h  under  u n i a x i a l  compress ion is 

c a l c u l a t e d  u s i n g  t h e  formula:  



where A t  
k 

- is t h e  f i n a l ,  s t a b i l i z e d  d e f o r m a t i o n  o f  t h e  dynamometer; 

A f f  and An - a r e  t h e  i n i t i a l  and f i n a l  d e f o r m a t i o n s  o f  t h e  sample ,  
0 k 

r e s p e c t i v e l y ;  

m - is t h e  parameter  which c h a r a c t e r i z e s  t h e  n o n l i n e a r i t y  o f  t h e  

r e l a t i o n s h i p  between t h e  p r e s s u r e  and t h e  de fo rmat ion  o f  f r o z e n  

s o i l s ,  which is de te rmined  as per  S e c t i o n  4.177. 

4.177. The parameter  m ,  which is p a r t  o f  formula  ( 7 0 ) ,  is de te rmined  w i t h  

t h e  a i d  o f  t h e  e x p r e s s i o n :  
-I I 

A ( 1 )  l o g  - 
X ' 

m = 
( 2 )  

9 

A; - i f  

l o g .  
( 1 )  

o r  t h e  e x p r e s s i o n :  

2, l o g  PMrH 
m = 

A l o g  A "  ' 
0 

i n  which X o ( l ) = X b ( l ) + ~ ( l )  and X0(2)=Ab(2)+X' ; ) (2 )  a r e  t h e  t o t a l  

i n i t i a l  d e f o r m t i o n s  o f  t h e  dynamometer (A;) and  o f  t h e  sample (A;) ,  

r e s p e c t i v e l y ,  f o r  t h e  first and second P 
H(2)  

i n i t i a l  l o a d s ;  

A ' and A;  - are t h e  de fo rmat ions  of t h e  dynamometer a t  time t f o r  t h e  
i 

f i r s t  and second  i n i t i a l  l o a d s  ( F i g u r e  2 4 a ) ;  

P 
M r  H - is t h e  a r b i t r a r y - i n s t a n t a n e o u s  (maximum) v a l u e  o f  t h e  

b r e a k i n g  load .  

4.178. I n  o r d e r  t o  o b t a i n  t h e  i n i t i a l  v a l u e s ,  which a r e  needed t o  

c a l c u l a t e  t h e  pa ramete r ,  m ,  u s i n g  formula  ( 7 1 ) ,  a d d i t i o n a l  tests are c a r r i e d  

o u t  on a n  i d e n t i c a l  sample a t  a d i f f e r e n t  i n i t i a l  l o a d  
than P ~ ( l )  

( s e e  S e c t i o n  4.169). 



4.179. I t  is recommended t h a t  t h e  i n i t i a l  l o a d  u s e d  i n  t h e  a d d i t i o n a l  tes t  

be e q u a l  t o  )=O .Spur, 
Or ' ~ ( 2 )  

=O.6P ur, . 
The a d d i t i o n a l  test i s  c a r r i e d  o u t  i n  t h e  same manner as t h e  main t e s t  

( s e e  S e c t i o n s  4.170-4 . I72 ) . 

F i g u r e  24.  D e t e r m i n a t i o n  o f  t h e  m parameter u s i n g  t e s t  d a t a  

a-  f o r  t h e  s p e c i f i e d  i n i t i a l  l o a d s  and (2  ) ; 

b,c-  f o r  a c o n s t a n t l y  i n c r e a s i n g  l o a d .  

4.180. Using t h e  tes t  d a t a ,  a c u r v e  is p l o t t e d  f o r  e a c h  v a l u e  o f  t h e  

i n i t i a l  l o a d  P  
H(1) and ' ~ ( 2 )  

w i t h i n  t h e  c o o r d i n a t e s  o f  t h e  d e f o r m a t i o n  o f  

t h e  dynamometer )\I - time t ( F i g u r e  2 4 a ) ,  and u s i n g  i t  t h e  v a l u e s  o f  )(I a n d  
( 1 )  

a r e  d e t e r m i n e d  f o r  an a r b i t r a r i l y  chosen  i n s t a n t  ti. S u b s t i t u t i n g  

t h e s e  v a l u e s  i n  fo rmula  (711 ,  t h e  v a l u e  o f  m is  c a l c u l a t e d .  By way o f  a  

c o n t r o l ,  a t  least  t h r e e  such  d e t e r m i n a t i o n s  are made f o r  moments i n  time t 
i 

( d i f f e r e n t  p o i n t s  on  t h e  c u r v e ) .  The a v e r a g e  o f  t h e  o b t a i n e d  v a l u e s  o f  m is  

used  i n  t h e  c a l c u l a t i o n s .  

4.181. I n  o r d e r  t o  c a l c u l a t e  t h e  p a r a m e t e r ,  m ,  u s i n g  fo rmula  ( 7 2 )  d u r i n g  

t e s t i n g  i n  which t h e  l o a d  is  a p p l i e d  r a p i d l y  ( S e c t i o n s  4.166 and 4 . 1 6 7 ) ,  t h e  

a x i a l  d e f o r m a t i o n s  o f  t h e  s o i l  sample  and o f  t h e  dynamometer are measured.  I n  

t h i s  e v e n t ,  t h e  a p p a r a t u s  is equ ipped  w i t h  a n  a u t o m a t i c  r e c o r d e r .  Us ing  t h e s e  

test  r e s u l t s ,  a c u r v e  is p l o t t e d  w i t h i n  t h e  c o o r d i n a t e s :  l o a d ,  P; d e f o r m a t i o n  

o f  t h e  s o i l  s ample ,  )\I1 ( F i g u r e  24b) .  T h i s  c u r v e  is t h e n  p r e s e n t e d  i n  

l o g a r i t h m i c  c o o r d i n a t e s  ( F i g u r e  2 4 c ) .  The i n c l i n a t i o n  o f  t h e  r e s u l t i n g  l i n e  t o  

t h e  x - a x i s  d e t e r m i n e s  t h e  v a l u e s  a = a r c t a n  m. 

4.182. Using t h e  o b t a i n e d  v a l u e  o f  t h e ,  m ,  p a r a m e t e r ,  t h e  long- term v a l u e  

o f  t h e  r e s i s t a n c e  o f  t h e  g i v e n  f r o z e n  s o i l  t o  u n i a x i a l  compress ion ,  a , is 
cx . an 

c a l c u l a t e d  u s i n g  fo rmula  (70 ) . 



4.183. It is a l s o  pos s ib l e  t o  determine t h e  long-term r e s i s t a n c e  o f  f rozen  

s o i l  t o  u n i a x i a l  compression from t h e  r e s u l t s  o f  8-hour t e s t s .  I n  t h i s  c a s e ,  

t h e  va lues  o f  t h e  f i n a l  deformation A; and A';,, and o f  t h e  load  Pk a r e  

taken t o  be t h e  va lues  o f  t h e s e  c h a r a c t e r i s t i c s  a s  determined e i g h t  hours  from 

t h e  s t a r t  o f  t h e  test.  The test  d a t a  a r e  processed a s  descr ibed  i n  Sec t ions  
1 

4.173-4.182. When us ing  a dynamometer which is  s u f f i c i e n t l y  r i g i d  , t h e  

long-term r e s i s t a n c e  , a , is  determined wi th  t h e  a i d  o f  t h e  express ion :  
c x  . nn 

When t h e  dynamometer is not  s u f f i c i e n t l y  r i g i d  (Sec t ion  4.175), ucm.w is 

determined us ing  t h e  express ion :  

where a - is t h e  r e s i s t a n c e  t o  u n i a x i a l  compression, as c a l c u l a t e d  
cx .8  

us ing  t h e  8-hour t e s t  d a t a ;  

0.8 - is an empi r i ca l  c o e f f i c i e n t  

A '  and A; 
8 

- a r e  t h e  deformations o f  t h e  dynamometer and o f  t h e  s o i l  

sample, r e s p e c t i v e l y ,  e i g h t  hours  from t h e  start  o f  t h e  test .  

The r e s u l t s  of  t h e  c a l c u l a t i o n s  a r e  recorded i n  a l o g  (Table  38) .  

1 
I n  t h e  c a s e ,  t h e  cond i t i on  of t h e  r i g i d i t y  o f  t h e  dynamometer is 

determined us ing  t h e  expression:  



where 0.8 - is an empirical c ~ e f f i c i e n t ;  

A; - is the i n i t i a l  deformation of the sample; 

A;; 
- is the deformation of the sample 8 hours a f t e r  the s t a r t  of the 

t e s t ;  

A - is  the permissible e r ror ,  taken to  be 0.1. 

Table 38 
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RESISTANCE OF FROZEN AND THAWED SOILS TO SHEAR 

4.184. According t o  t h e  C o n s t r u c t i o n  S t a n d a r d s  and R e g u l a t i o n s  which are 

c u r r e n t l y  i n  e f fec t ,  t h e  b e a r i n g  c a p a c i t y  o f  f o u n d a t i o n s  and o f  t h e i r  f o o t i n g s  

is de te rmined  on t h e  b a s i s  o f  t h e  s o i l ' s  c h a r a c t e r i s t i c s  o f  r e s i s t a n c e  t o  s h e a r  

- t h e  c o h e s i o n  ( c )  and t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  ( 9 ) .  
4.185. The main methods o f  d e t e r m i n i n g  t h e s e  c h a r a c t e r i s t i c s  a r e  t h e  

f o l l o w i n g :  

a )  s h e a r  t e s t i n g  i n  t h e  p r e s e n c e  o f  t h e  s i m u l t a n e o u s  a p p l i c a t i o n  o f  a 

normal load ;  

b )  t r i a x i a l  compress ion t e s t i n g  i n  t h e  p r e s e n c e  o f  t h e  a p p l i c a t i o n  o f  

v a r i o u s  r a d i a l  and a x i a l  l o a d s .  

T r i a x i a l  compress ion t e s t i n g  most c l o s e l y  r e p r o d u c e s  t h e  a c t u a l  work 

performed by t h e  s o i l  i n  a  s o i l  mass,  i . e .  i n  t h e  f o o t i n g  o f  a  s t r u c t u r e .  Due 

t o  t h e  s i g n i f i c a n t  complex i ty  o f  t r i a x i a l  tes ts  i t  is recommended t h a t  t h e y  b e  

c a r r i e d  o u t  o n l y  i n  p a r t i c u l a r l y  i m p o r t a n t  c a s e s .  

4.186. T h i s  handbook d e s c r i b e s  t h e  g e n e r a l l y  a c c e p t e d  and w i d e l y  u s e d  

method o f  d e t e r m i n i n g  s t r e n g t h  p a r a m e t e r s  c and 4  by t h e  s h e a r  t e s t i n g  o f  s o i l  

t o  which a normal l o a d  is s i m u l t a n e o u s l y  a p p l i e d .  Such t e s t s  a r e  c a r r i e d  o u t  

u s i n g  s t a n d a r d ,  mass-produced equipment.  

4.187. I n  o r d e r  t o  d e t e r m i n e  t h e  r e s i s t a n c e  o f  s o i l  t o  s h e a r  ( r ) ,  u s e  is 

made o f  t h e  r e l a t i o n s h i p  between i t ,  t h e  normal l o a d  (a 1, c o h e s i o n ,  ( c ) ,  and 

t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  ( 4 ) :  

T = c + (J tan 4 ,  

where t a n  4  - is t h e  c o e f f i c i e n t  o f  i n t e r n a l  f r i c t i o n ;  

c - is t h e  s p e c i f i c  c o h e s i o n .  

The magnitude o f  t h e  normal l o a d  ( a )  under  which t h e  samples  a r e  s h e a r e d ,  

a s  w e l l  a s  t h e  t e m p e r a t u r e  i n  t h e  c a s e  o f  f r o z e n  s o i l s ,  are d e f i n e d  by t h e  t e s t  

program. 

4.188. I n  t h e  c a s e  o f  f r o z e n  s o i l s ,  t h e  long- term v a l u e s  o f  t h e  c o h e s i o n  

( Cffn ) and o f  t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  ( 4  ) a r e  used.  I n  t h e  c a s e  o f  
WI 

thawed s o i l ,  t h e  c o m p u t a t i o n a l  c h a r a c t e r i s t i c s  c and $ a r e  t a k e n  t o  be  t h o s e  

which a r e  o b t a i n e d  from t h e  s h e a r  t e s t i n g  o f  s o i l  s amples  which have  t h e  same 

d e n s i t y  and m o i s t u r e  c o n t e n t  a s  t h o s e  o f  t h e  thawed f o o t i n g .  



EQUIPMENT 

4.189. I n  o r d e r  t o  d e t e r m i n e  t h e  s h e a r  r e s i s t a n c e  o f  f r o z e n  o r  thawed 

s o i l ,  u s e  is made o f  a d i r e c t  s h e a r  d e v i c e  w i t h  a f i x e d  s h e a r  p l a n e  ( F i g u r e  2 5 ) .  

F i g u r e  25 .  Schemat i c  d i a g r a m  o f  d i r e c t  s h e a r  

N - norma l  l o a d ;  T  - d i s p l a c i n g  l o a d  

4.190. The recommended a p p a r a t u s  is t h e  GGP-30, d e s i g n e d  by t h e  All-Union 

P l a n n i n g ,  S u r v e y i n g  and S c i e n t i f i c  Resea rch  I n s t i t u t e .  The no rma l  and  

d i s p l a c i n g  l o a d s  are a p p l i e d  i n d e p e n d e n t l y  o f  e a c h  o t h e r  i n  a d e v i c e  o f  t h i s  

t y p e .  S h e a r  is accompl i shed  by t h e  d i s p l a c e m e n t  o f  o n e  p a r t  o f  t h e  sample  

r e l a t i v e  t o  a n o t h e r  p a r t  o f  it ,  i n  t h e  p r e s e n c e  o f  a s i m u l t a n e o u s  c o m p r e s s i n g  

l o a d ,  which is a p p l i e d  p e r p e n d i c u l a r l y  t o  t h e  s h e a r  p l a n e .  

4.191. The GGP-30 s h e a r  a p p a r a t u s  is d e s i g n e d  f o r  l o a d s  o f  up  t o  400 kg.  

When t e s t i n g  f r o z e n  s o i l ,  t h e  same a p p a r a t u s  is u s e d ,  b u t  it is m o d i f i e d  f o r  

o p e r a t i o n  unde r  l a r g e  l o a d s  o f  u p  t o  900-1000 k g  ( t h e  d i a m e t e r  o f  t h e  t e s t  

sample  o f  s o i l  is r e d u c e d  t o  50.5 mm, t h e  number o f  l o a d i n g  l e v e r s  is 

i n c r e a s e d ,  t h e  c a b l e s  are r e i n f o r c e d ) .  

4.192. When t e s t i n g  s a m p l e s  o f  f r o z e n  s o i l ,  i n  a d d i t i o n  t o  t h e  GGP-30 

a p p a r a t u s ,  u s e  is a l s o  made o f  much more p o w e r f u l  wedge d e v i c e s  d e s i g n e d  by t h e  

All-Union S c i e n t i f i c  Resea rch  I n s t i t u t e  o f  Mine S u r v e y i n g  ( F i g u r e  2 6 ) .  These  

d e v i c e s  make it p o s s i b l e  t o  t e s t  s a m p l e s  unde r  l o a d s  g r e a t e r  t h a n  900 kg.  



F i g u r e  26. Schemat ic  d iagram o f  wedge a p p a r a t u s  

1 - c y l i n d r i c a l  sample;  2- movable yoke; 

3  - s t a t i o n a r y  yoke; 4  - removable m e t a l  wedge 

I n  c o n t r a s t  t o  t h e  GGP-30 a p p a r a t u s ,  i n  t h e  wedge a p p a r a t u s  t h e  t a n g e n t i a l  

and normal l o a d s  c a n n o t  b e  i n d e p e n d e n t l y  s p e c i f i e d  and a r e  de te rmined  by means 

o f  c a l c u l a t i o n s .  

4.193. The wedge a p p a r a t u s  c o n s i s t s  o f  two c a s t  i r o n  yokes i n t o  which t h e  

s o i l  sample  is  placed .  The l o a d  (PI  is  a p p l i e d  v e r t i c a l l y .  When t h e  sample  o f  

s o i l  is  i n  a n  i n c l i n e d  p o s i t i o n ,  t h e  normal and t a n g e n t i a l  components,  w i t h  

respec t .  t o  t h e  s h e a r  p l a n e ,  o f  t h e  f o r c e  ( P )  produce a normal (N) and 

t a n g e n t i a l  (T)  l o a d s .  The d e s i r e d  r a t i o n  between t h e  normal and t a n g e n t i a l  

components is o b t a i n e d  by chang ing  t h e  a n g l e  o f  i n c l i n a t i o n  o f  t h e  sample  ( a )  

w i t h  t h e  a i d  o f  removable meta l  wedges. 

4.194. T e s t s  on t h e  wedge a p p a r a t u s  a r e  u s u a l l y  conducted w i t h  t h e  sample  

i n c l i n e d  from 30 t o  60-70'. The l o a d  (PI  is  a p p l i e d  t o  t h e  sample  w i t h  t h e  

a i d  o f  a  h y d r a u l i c  o r  a mechanical  p r e s s  o r ,  when t e s t i n g  weak samples ,  w i t h  

t h e  a i d  o f  a l e v e r  Dress.  
N T 

4.195. The magnitudes o f  t h e  normal ( oy ) and t a n g e n t i a l  ( r y  ) 

components a r e  de te rmined ,  depending on t h e  a n g l e  o f  i n c l i n a t i o n  o f  t h e  s o i l  

sample  ( a ) ,  w i t h  t h e  a i d  o f  t h e  formulas :  

P s i n  a  
T = 

F P 

P c o s  a 
0 = 

F P 



where a - is t h e  a n g l e  o f  i n c l i n a t i o n  o f  t h e  sample ,  i n  d e g r e e s '  

F  - is  t h e  a r e a  o f  s h e a r ,  i n  cm2; 

P - is t h e  v e r t i c a l  l o a d ,  i n  kg. 

4.196. Shear t e s t i n g  is c a r r i e d  o u t  u s i n g  a  c y l i n d r i c a l  sample.  When 

t e s t i n g  on a GGP-30 a p p a r a t u s  a  sample o f  unf rozen  s o i l  u s u a l l y  h a s  a  h e i g h t  o f  
2 

50 mrn and a diamete r  o f  71.4 mm (an  a r e a  o f  40 cm ) ,  w h i l e  i n  t h e  c a s e  o f  a  

f r o z e n  s o i l  sample o f  t h e  same h e i g h t  t h e  d iamete r  is  reduced t o  50.5 mm (an  
2  

a r e a  o f  20 cm ). When u s i n g  t h e  wedge a p p a r a t u s  t h e  sample is  always 100 mm 

h i g h  w i t h  a  d iamete r  o f  71.4 mm. 

Note. I n  t h o s e  c a s e s  when t h e  h e i g h t  o f  t h e  monol i th  o r  o f  t h e  c o r e  sample 

does  n o t  make it p o s s i b l e  t o  o b t a i n  a  sample o f  t h e  s p e c i f i e d  h e i g h t ,  i t  is 

p e r m i s s i b l e  t o  reduce  t h e  h e i g h t  t o  35 mm when t e s t i n g  on a  GGP-30 a p p a r a t u s  and 

t o  95 mm when u s i n g  a  wedge a p p a r a t u s .  

4.197. I n  o r d e r  t o  de te rmine  t h e  s h e a r  r e s i s t a n c e  o f  thawed s o i l s  w i t h  

f lowing  and s o f t - p l a s t i c  c o n s i s t e n c y ,  it is recommended t h a t  a d i r e c t  s h e a r  

a p p a r a t u s  VSV-1, des igned by t h e  All-Union P lann ing ,  Survey ing ,  and S c i e n t i f i c  

Research I n s t i t u t e ,  be  used ( F i g u r e  27) .  

F i g u r e  27. Schematic d iagram o f  a VSV-1 s h e a r  t e s t i n g  a p p a r a t u s  

1- dynamometer ( p r o v i n g  r i n g )  f o r  t h e  t r a n s m i s s i o n  o f  t h e  v e r t i c a l  load ;  

2- l o a d i n g  p l a t e n ;  3- upper yoke; 4- upper p a r t  o f  t h e  s e c t i o n a l  r i n g  f o r  
t h e  s o i l ;  5- rubber  s h e a t h ;  6- s o i l  sample; 7- lower yoke; 8- lower p a r t  o f  
t h e  s e c t i o n a l  r i n g  f o r  t h e  s o i l ;  9- s t o p p i n g  d e v i c e  f o r  t h e  i n d i c a t o r  o f  t h e  
dynamometer; 10- a  DS-02 dynamometer f o r  measur ing r e s i s t a n c e  t o  s h e a r ;  11- 
bottom o f  t h e  lower yoke; 12- porous  l i n e r ;  13- movable p l a t e ;  14- s t o p  
screw; 15- screw f o r  a p p l y i n g  t h e  v e r t i c a l  l o a d ;  16- screw f o r  a p p l y i n g  t h e  
s h e a r i n g  l o a d  



4.198. On a  VSV-1 a p p a r a t u s ,  t h e  s h e a r i n g  and normal l o a d s  are t r a n s m i t t e d  

by way o f  dynamometers. DS-02 o r  DS-01 dynamometers a r e  used f o r  t h e  

t r a n s m i s s i o n  o f  t h e  normal l o a d ,  and t h e  DS-02 dynamometer is used t o  t r a n s m i t  

t h e  s h e a r i n g  load .  

4.199. The s t a t i o n a r y  p a r t  o f  t h e  f o o t  o f  t h e  i n d i c a t o r  o f  t h e  dynamometer, 

which measures  t h e  s h e a r  p r e s s u r e ,  is equipped w i t h  a  s t o p p i n g  d e v i c e  ( F i g u r e  

2 8 ) ,  which f r e e z e s  t h e  maximum s h e a r  p r e s s u r e  r e a d i n g .  The c lamping p i n  o f  t h e  

s t o p p i n g  d e v i c e  must be p r e s s e d  a g a i n s t  t h e  moving p a r t  o f  t h e  i n d i c a t o r  f o o t  

w i t h  s u f f i c i e n t  p r e s s u r e  t o  p r e v e n t  i ts r e t r a c t i o n  b u t  n o t  s o  t i g h t l y  a s  t o  

r e s t r i c t  t h e  movement o f  t h e  f o o t  d u r i n g  t h e  a p p l i c a t i o n  o f  t h e  l o a d .  

F i g u r e  28. S topp ing  d e v i c e  

1- s t a t i o n a r y  s u p p o r t  o f  t h e  i n d i c a t o r ;  2- mounting screw;  3- clamping p i n ;  
4- s p r i n g  s t o p ;  5- s p r i n g ;  6- c a s i n g ;  7- movable f o o t  o f  t h e  i n d i c a t o r ;  8- 
a d j u s t i n g  sc rew 

4.200. The VSV-1 a p p a r a t u s ,  which makes i t  p o s s i b l e  t o  c a r r y  o u t  s h e a r  

t e s t s  l a s t i n g  8-10 s e c o n d s ,  is used f o r  d e t e r m i n i n g  t h e  a r b i t r a r y  i n s t a n t a n e o u s  

s h e a r  r e s i s t a n c e  o f  s o i l .  

DETERMINATION OF THE ARBITRARY INSTANTANEOUS 

RESISTANCE OF FROZEN SOIL TO SHEAR 

4.201. The d e t e r m i n a t i o n  o f  t h e  s h e a r  r e s i s t a n c e  o f  f r o z e n  s o i l  is c a r r i e d  

o u t  w i t h o u t  t h e  p r i o r  compaction o f  t h e  s o i l  sample.  

4.202. The tests a r e  c a r r i e d  o u t  a t  t h r e e  o r  f o u r  normal l o a d  v a l u e s ,  as 

s t i p u l a t e d  by t h e  l a b o r a t o r y  t e s t i n g  p l a n ,  and t a k i n g  i n t o  accoun t  t h e  

computa t iona l  r equ i rements .  The d e t e r m i n a t i o n s  shou ld  be  c a r r i e d  o u t  a t  l e a s t  

i n  t r i p l i c a t e .  



4.203. The d e t e r m i n a t i o n  o f  t h e  long- term s h e a r  r e s i s t a n c e  o f  f r o z e n  s o i l  

is  preceded by t h e  t e s t i n g  o f  t h i s  t y p e  o f  s o i l  under a r a p i d l y  a p p l i e d  l o a d ,  

when t h e  a r b i t r a r y  i n s t a n t a n e o u s  r e s i s t a n c e  T is de te rmined .  
M t H  

4.204. When u s i n g  s h e a r  t e s t i n g  a p p a r a t u s  on which t h e  normal and 

t a n g e n t i a l  l o a d s  are a p p l i e d  s e p a r a t e l y  t h e  s o i l  sample  is p u t  i n t o  p l a c e  and 

t h e  normal l o a d  is a p p l i e d .  

4.205. A c o n t i n u o u s  and smoothly i n c r e a s i n g  s h e a r i n g  l o a d  (T) i s  a p p l i e d  

q u i c k l y  b u t  n o t  s o  q u i c k l y  as t o  c a u s e  a blow. Loading is c a r r i e d  o u t  w i t h  t h e  

a i d  o f  l e a d  s h o t .  The test  shou ld  las t  20-30 seconds .  The test  is f i n i s h e d  

when t h e  s o i l  sample  r u p t u r e s  o r  when its deformat ion  p roceeds  a t  a n  

a c c e l e r a t i n g  pace and w i t h o u t  and a d d i t i o n a l  i n c r e a s e  i n  t h e  l o a d  (T) .  A f t e r  

t e s t i n g ,  two s o i l  samples  a r e  t a k e n  from t h e  s h e a r  zone i n  o r d e r  t o  d e t e r m i n e  

t h e i r  m o i s t u r e  c o n t e n t .  Dur ing t e s t i n g ,  a l o g  r e c o r d  is k e p t  o f  t h e  

o b s e r v a t i o n  d a t a  ( T a b l e  39) .  

4.206. The magnitude o f  t h e  a r b i t r a r y  i n s t a n t a n e o u s  r e s i s t a n c e  o f  f r o z e n  

s o i l  d u r i n g  r a p i d  s h e a r  (TMrH) is  determined a s  t h e  q u o t i e n t  o f  t h e  r u p t u r i n g  

l o a d  (TMrH) d i v i d e d  by t h e  a r e a  o f  t h e  s h e a r  s e c t i o n  o f  t h e  sample  ( F ) .  

The r e s u l t s  which are o b t a i n e d  are r e c o r d e d  i n  a l o g  book ( T a b l e  40) .  

T a b l e  39 

l ~ a 6 . 1 1 1 u a  39 

( Q o p ~ a )  

& t ~ n b l e  nabnlonennl npm ncnblranwn wep3roro rpymra Ha ~ U C T ~ Y ~  CABHT B npn6ope rnaponpoe~ra 

a- Data o f  o b s e r v a t i o n s  made d u r i n g  t h e  t e s t i n g  o f  f r o z e n  s o i l  f o r  r a p i d  s h e a r  

w i t h  t h e  a i d  o f  an  a p p a r a t u s  des igned  by t h e  All-Union P l a n n i n g ,  Survey ing  and  

S c i e n t i f i c  Research I n s t i t u t e ;  b- Data;  c- No. o f  t e s t ;  d- Normal l o a d ,  i n  kg;  
2 

e- Normal p r e s s u r e ,  i n  kg/cm ; f- H o r i z o n t a l  l o a d ,  i n  kg;  g- S h e a r i n g  

pressure, in kg/cm2; h- Dura t ion  o f  t h e  t e s t ,  i n  minu tes ;  i- Temperature  o f  
0 

t h e  sample ,  i n  C ;  j- Remarks. 



a- R e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  t h e  s h e a r  r e s i s t a n c e  c h a r a c t e r i s t i c s  o f  
H 

f rozen  and thawed s o i l ;  b- Test No.; c- S o i l  t y p e ;  d- S p e c i f i c  weight  Y o 6 ,  i n  

3 
g/cm ; e- Mois tu re  c o n t e n t  W t ,  i n  I ;  f -  Normal p r e s s u r e  i n  kg/cm2; g- 

Shear  r e s i s t a n c e  c h a r a c t e r i s t i c s  o f  t h e  s o i l ;  h- Remarks. 

T a b l e  40 T a G . l ~ u a  40 

(@op.sla) 

a- Pelynb~aru onpenencnnh XapaKTepIICTttK COIlpOTHBJIeHHR nepsnoro II oTrranlvero rpynrrr cnsttry 

4.207. From t h e  t e s t  r e s u l t s  o f  a g iven  s o i l  sample ,  whose m o i s t u r e  

c o n t e n t  and t empera tu re  a r e  known, a s h e a r  c u r v e  is p l o t t e d  ( F i g u r e  2 9 ,  c u r v e  

1 ) .  The normal p r e s s u r e  v a l u e s  (a)  are p l o t t e d  a l o n g  t h e  X-axis,  and t h e  

c o r r e s p o n d i n g  v a l u e s  o f  r e s i s t a n c e  t o  r a p i d  s h e a r  ( T  ) are p l o t t e d  a l o n g  t h e  
MTH 

Y-axis. 

4.208. The a r b i t r a r y  i n s t a n t a n e o u s  v a l u e s  o f  t h e  pa ramete rs  C,,, and $MrH 

f o r  a g iven  t y p e  o f  s o i l  a r e  determined g r a p h i c a l l y  from t h e  s h e a r  c u r v e ,  o r  

by computat ion.  The CMrH v a l u e  is determined by t h e  segment which is 

i n t e r c e p t e d  on t h e  Y-axis by t h e  s h e a r  c u r v e  ( s e e  F i g u r e  29) .  The magnitude 

o f  t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  $ is  determined by t h e  i n c l i n a t i o n  o f  t h e  
MT H 

curve  t o  t h e  X-axis. 

Using t h e  computa t iona l  method, t h e  v a l u e s  o f c M r H  and $MrH a r e  de te rmined  

w i t h  root-mean-square approx imat ion ,  by t h e  method o f  l e a s t  s q u a r e s ,  u s i n g  t h e  

fo rmulas  

where n - is  t h e  number o f  d e t e r m i n a t i o n s  o f  s h e a r  r e s i s t a n c e  ( n o t  l e s s  

than  9 ) .  
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The v a l u e s  which a r e  o b t a i n e d  f o r  c and +Mrn a r e  r e c o r d e d  i n  a  l o g  book 
MTH 

( T a b l e  4 0 ) .  

4.209. When u s i n g  a  s h e a r  t e s t i n g  a p p a r a t u s  on which a s i n g l e  l o a d  is 

a p p l i e d  (wedge a p p a r a t u s )  t h e  tests a r e  c a r r i e d  o u t  under  v a r y i n g  ( n o t  less 

t h a n  t h r e e )  v a l u e s  o f  t h e  a n g l e  o f  i n c l i n a t i o n  ( a )  o f  t h e  s o i l  sample. The 

recommended a v a l u e s  a r e  30 ,  45 and 60°. 

F i g u r e  29. Shear  diagram 

1- a r b i t r a r y  i n s t a n t a n e o u s  r e s i s t a n c e ;  

2- long-term r e s i s t a n c e  

4.210. The sample o f  f r o z e n  s o i l  is removed from i ts form, p laced  i n t o  

t h e  yoke o f  t h e  a p p a r a t u s ,  which is set u p  benea th  t h e  l o a d i n g  p r e s s  a t  t h e  

r e q u i r e d  a n g l e ,  and a l lowed  t o  rest f o r  a t  l e a s t  one hour. 

4.211. A c o n t i n u o u s  and even ly  i n c r e a s i n g  l o a d  (P) is r a p i d l y ,  b u t  n o t  s o  

r a p i d l y  a s  t o  cause  a  blow, a p p l i e d  t o  t h e  sample ( s e e  F i g u r e  2 6 ) .  The t e s t  

is t h e n  con t inued  i n  t h e  manner d e s c r i b e d  i n  s e c t i o n  4.205. Readings a r e  

recorded  i n  t h e  l o g  d u r i n g  t h e  c o u r s e  o f  t h e  t e s t  (Tab le  4 1 ) .  

4.212. Using t h e  test  d a t a  which are o b t a i n e d  w i t h  t h e  wedge a p p a r a t u s ,  

t h e  s h e a r  r e s i s t a n c e  is  c a l c u l a t e d  i n  t h e  f o l l o w i n g  sequence  o f  s t e p s :  

1. - a  d e t e r m i n a t i o n  i s  made o f  t h e  f u l l  r u p t u r i n g  l o a d  a l o n g  +,he s h e a r  

p lane  PMrn /F ,  where F is  t h e  i n i t i a l  s h e a r  a r e a  o f  t h e  sample ,  i n  
2  

cm ; 

2. - t h e  o b t a i n e d  v a l u e  o f  P,,, /F is s u b s t i t u t e d  i n t o  fo rmulas  ( 7 5 )  and 

(761,  and T,~, and a a r e  c a l c u l a t e d .  The d a t a  which are o b t a i n e d  

a r e  r e c o r d e d  i n  t h e  l o g  (Tab le  41) .  



T a b l e  4 1  

a- Data o b t a i n e d  d u r i n g  t h e  t e s t i n g  o f  f r o z e n  s o i l  f o r  r a p i d  s h e a r  wi th  t h e  

a i d  o f  a wedge a p p a r a t u s ;  b- Date; c- T e s t  No.; d- Angle o f  i n c l i n a t i o n  o f  t h e  
0 

sample a ; e- Ruptur ing  l o a d ,  PMrH , i n  kg;  f-  P r e s s u r e  on t h e  sample  

PO/F, i n  kg/cm2; g- Dura t ion  o f  t h e  tes t  t ,  i n  minu tes ;  h- Temperature  o f  
0 

t h e  sample  9, i n  C ;  i- Remarks 

a- Aannue nahmnenwi npn wcnurannn wep3roro rpyura Ha 6rc~pb l l l  caunr u K~IYODOY npnbope 
-- 

4.213. Using t h e  test  r e s u l t s  a s h e a r  d iagram is p l o t t e d  ( s e e  s e c t i o n  

4.207, F i g u r e  2 9 ) ,  from which C M r H  
and 'nrH 

a r e  c a l c u l a t e d .  The v a l u e s  

which a r e  o b t a i n e d  are r e c o r d e d  i n  t h e  l o g  ( T a b l e  4 1 ) .  

4.214. I n  t h e  e v e n t  t h a t  i t  is  n e c e s s a r y  t o  know t h e  v a l u e s  o f  cMrH and  
2 OM,, o v e r  a wide r a n g e  o f  normal l o a d s  ( g r e a t e r  t h a n  20-25 kg/cm ),  u s i n g  

t h e  r e s u l t s  o f  t e s t s  c a r r i e d  o u t  on bo th  a p p a r a t u s e s ,  t h e  v a l u e s  a r e  p l o t t e d  

on a common s h e a r  d iagram,  which is t h e n  used t o  d e t e r m i n e  cMrH 
and 'nrn . 

DETERMINATION OF THE LONG-TERM SHEAR RESISTANCE OF FROZEN SOIL 

4.215. The d e t e r m i n a t i o n  o f  t h e  long-term r e s i s t a n c e  o f  f r o z e n  s o i l  t o  

s h e a r ,  j u s t  as i n  t h e  c a s e  o f  r a p i d  s h e a r ,  is  c a r r i e d  o u t  f o r  a t  least  t h r e e  

normal l o a d  ( a )  v a l u e s ,  o r  t h r e e  a n g l e s  o f  i n c l i n a t i o n  ( a ) ,  o f  t h e  sample.  

The s i z e s  o f  t h e  normal l o a d s  o r  o f  t h e  a n g l e s  o f  i n c l i n a t i o n  are s p e c i f i e d  by 

t h e  t e s t  program. 

4.216. Shear  t e s t s  a r e  c a r r i e d  o u t  i n  t r i p l i c a t e  f o r  each v a l u e  o f  a o r  

a .  The s h e a r i n g  p r e s s u r e  o r  t h e  t o t a l  l o a d  (P) are a p p l i e d  i n  e q u a l  

inc rements .  

4.217. The magnitude o f  t h e  i n c r e m e n t a l l y  a p p l i e d  l o a d  is t aken  t o  be 

1 /10  o f  t h e  a r b i t r a r i l y  i n s t a n t a n e o u s  r e s i s t a n c e  T o r  P i .e. 
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4.218. Measurements o f  t h e  d e f o r m a t i o n  o f  t h e  sample  are c a r r i e d  o u t  w i t h  

t h e  a i d  o f  d i a l  i n d i c a t o r s  h a v i n g  0 .01  mm d i v i s i o n s .  

4.219. Befo re  t h e  s ta r t  o f  t h e  t e s t  t h e  i n d i c a t o r  is set  t o  z e r o .  The 

f i rs t  l o a d  T o r  P is t h e n  a p p l i e d  a n d ,  h a v i n g  t u r n e d  on a timer, t h e  

d e f o r m a t i o n  o f  t h e  sample  o v e r  time is obse rved .  

4.220. Each l o a d  l e v e l  is m a i n t a i n e d  u n t i l  t h e  d e f o r m a t i o n  s t a b i l i z e s .  

S t a b i l i z a t i o n  is c o n s i d e r e d  t o  h a v e  been a t t a i n e d  when t h e  i n c r e a s e  i n  

d e f o r m a t i o n  d o e s  n o t  exceed  0 .01  mm per  6 h o u r s  i n  t h e  case o f  s a n d ,  p e r  1 2  

h o u r s  i n  t h e  case o f  sandy  loam, and 24 h o u r s  i n  t h e  c a s e  o f  loam and c l a y .  

4.221. Deformat ion  r e a d i n g s  are t a k e n  i n  a c c o r d a n c e  w i t h  t h e  f o l l o w i n g  

time s c h e d u l e .  When e a c h  l o a d  i n c r e m e n t  is f irst  a p p l i e d ,  i f  t h e  rate o f  

d e f o r m a t i o n  is  r a p i d ,  r e a d i n g s  are t a k e n  a t  least once  p e r  minu te .  A s  t h e  

ra te  o f  d e f o r m a t i o n  d e c r e a s e s ,  and no  i n c r e a s e  i n  d e f o r m a t i o n  is  o b s e r v e d  

d u r i n g  t h e  c o u r s e  o f  o n e  m i n u t e ,  t h e  i n t e r v a l s  be tween r e a d i n g s  are g r a d u a l l y  

i n c r e a s e d  t o  2 ,  4 ,  8 ,  1 5 ,  and 30 m i n u t e s ,  and t h e n  t o  1, 2 ,  3 ,  up  t o  8 h o u r s .  

The time i n t e r v a l  between s u c c e s s i v e  r e a d i n g s  is a d j u s t e d  i n  a c c o r d a n c e  w i t h  

t h e  magni tude  o f  t h e  d e f o r m a t i o n ,  which s h o u l d  n o t  exceed  0.5 mm. If t h e  

magni tude  o f  t h e  d e f o r m a t i o n  e x c e e d s  t h i s  f i g u r e  t h e  time i n t e r v a l  be tween 

r e a d i n g s  is d e c r e a s e d .  

4.222. Dur ing  t e s t i n g ,  a r e c o r d  is made o f  t h e  o b s e r v a t i o n s  ( T a b l e  4 2 ) .  

The a b s o l u t e  de fo rma t ion  (Xi) i s  de te rmined  as t h e  d i f f e r e n c e  be tween a 

g i v e n  and t h e  n u l l  r e a d i n g .  The i n c r e a s e  i n  t h e  d e f o r m a t i o n  is c a l c u l a t e d  as 

t h e  d i f f e r e n c e  between a g i v e n  and t h e  p r e c e d i n g  d e f o r m a t i o n s .  The rate o f  

d e f o r m a t i o n  is t h e  q u o t i e n t  o f  t h e  i n c r e a s e  i n  d e f o r m a t i o n  d i v i d e d  by t h e  time 

i n t e r v a l  which c o r r e s p o n d s  t o  t h i s  i n c r e a s e .  

4.223. Once d e f o r m a t i o n  h a s  s t a b i l i z e d  after  t h e  a p p l i c a t i o n  o f  t h e  first 

l o a d  ( s e c t i o n  4 .220) ,  t h e  n e x t  l o a d  i n c r e m e n t  is a p p l i e d ,  which i s  a l s o  

m a i n t a i n e d  u n t i l  t h e  s t a b i l i z a t i o n  o f  t h e  d e f o r m a t i o n .  The test is c o n t i n u e d  

u n t i l  a l o a d  is a p p l i e d  under  which d e f o r m a t i o n  d o e s  n o t  s t a b i l i z e ,  c h a n g i n g  

i n s t e a d  t o  a n o n - a t t e n u a t i n g  d e f o r m a t i o n  which p r o c e e d s  a t  a c o n s t a n t  rate.  

Deformat ion  a t  a c o n s t a n t  rate is s a i d  t o  h a v e  been a t t a i n e d  when a r e g u l a r  

i n c r e a s e  o r  d e c r e a s e  i n  t h e  rate  o f  d e f o r m a t i o n  is  n o t  o b s e r v e d  o v e r  t h e  

c o u r s e  o f  a t  least  f o u r  s u c c e s s i v e  r e a d i n g s .  
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a- Data o b t a i n e d  d u r i n g  t h e  p r o t r a c t e d  s h e a r  t e s t i n g  o f  f r o z e n  s o i l ;  b- T e s t  
2 

No.; c- Normal p r e s s u r e  a ,  i n  kg/cm ( a n g l e  o f  i n c l i n a t i o n  ( a )  o f  t h e  

s a m p l e ) ;  d- S h e a r i n g  l o a d  i n c r e m e n t s  T ( o r  v e r t i c a l  P ) ,  i n  kg;  e- Time a t  

which t h e  r e a d i n g  was t a k e n ;  f-  h o u r s ;  g- m i n u t e s ;  h- E l a p s e d  time f rom t h e  

s ta r t  o f  t h e  test ;  i- Time i n t e r v a l  be tween r e a d i n g s  ti-tiel, i n  m i n u t e s ;  

j- C o r r e c t i o n  f o r  t h e  d e f o r m a t i o n  o f  t h e  a p p a r a t u s ;  k- The d e f o r m a t i o n  o f  t h e  

sample  A i ,  i n  mm; 1- The i n c r e a s e  i n  t h e  d e f o r m a t i o n  - - , i n  mm; m- 

The rate o f  d e f o r m a t i o n  v = ~ ~ - ~ ~ ~ ) / t ~ - t ~ ~ ) ,  i n  mm p e r  m i n u t e ;  n- 

Remarks 

4.224. The test is  comple ted  when n o n - a t t e n u a t i n g  d e f o r m a t i o n  h a s  been 

c l e a r l y  e s t a b l i s h e d  o v e r  t h e  c o u r s e  o f  a t  leas t  two s u c c e s s i v e  l o a d  i n c r e m e n t s  

( F i g u r e  3 0 ,  i n c r e m e n t s  5 and 6 ) .  Each o f  t h e s e  l o a d s  is m a i n t a i n e d  f o r  t h r e e  

d a y s  i n  o r d e r  t o  be  a s s u r e d  o f  t h e  n o n - a t t e n u a t i n g  n a t u r e  o f  t h e  d e f o r m a t i o n .  

F i g u r e  30.  The development o f  d e f o r m a t i o n  o v e r  time d u r i n g  i n c r e m e n t a l  l o a d i n g  

1- f o r  N(a l ) ;  2- f o r  N ( a  );  3- f o r  N ( a  ) 
2 2 3 3 



4.225. Using t h e  t e s t  r e s u l t s  ( T a b l e  4 2 ) ,  c u r v e s  a r e  p l o t t e d  w i t h i n  t h e  

c o o r d i n a t e s :  s h e a r i n g  de fo rmat ion  - t ime  ( F i g u r e  3 0 ) .  

The s h e a r i n g  d e f o r m a t i o n ,  
'i 

(mm), is p l o t t e d  a l o n g  t h e  o r d i n a t e  a x i s ,  

w h i l e  t h e  t ime  ( t )  is p l o t t e d  a l o n g  t h e  a x i s  o f  t h e  a b s c i s s a s ;  a c u r v e  i s  

p l o t t e d  f o r  each  v a l u e  o f  t h e  normal p r e s s u r e  ( a )  o r  t h e  a n g l e  o f  i n c l i n a t i o n  

o f  t h e  sample (a). 

4.226. Each load  inc rement  c o r r e s p o n d s  t o  i t s  r e s p e c t i v e  v a l u e  o f  t h e  

s h e a r i n g  p r e s s u r e  T ( s h e a r  a p p a r a t u s )  o r  o f  t h e  v e r t i c a l  p r e s s u r e  P (wedge 

a p p a r a t u s ) .  

4.227. The long-term r e s i s t a n c e  T o r  P  f o r  a given  a  o r  a v a l u e  is 
e n  ~n 

found w i t h i n  t h e  r a n g e  o f  p r e s s u r e s  between its h i g h e s t  T  o r  P4 v a l u e ,  a t  
4  

which de fo rmat ions  s t i l l  s t a b i l i z e ,  and t h e  l o w e s t  T  o r  P5 v a l u e ,  a t  
5 

which n o n - a t t e n u a t i n g  f low is observed ,  ( i . e .  V >0.) 

The c r i t i c a l  long-term s t r e n g t h ,  i n c l u d i n g  a known margin ,  is t a k e n  t o  be  

e q u a l  t o  t h e  f i rs t  o f  t h e  above mentioned v a l u e s ,  i.e. Ten = T4 ( o r  

4.228. The v a l u e  o f  t h e  long-term s h e a r  r e s i s t a n c e  o f  f r o z e n  s o i l  

-r =T 
An e n  

/F ,  as o b t a i n e d  u s i n g  t h e  s h e a r  t e s t i n g  a p p a r a t u s ,  is  de te rmined  

d i r e c t l y  from t h e  c u r v e  ( s e e  F i g u r e  3 0 )  o f  A as a f u n c t i o n  o f  t ,  which is  

o b t a i n e d  f o r  t h e  g i v e n  v a l u e  o f  a  . 
4.229. I f  t h e  tests were c a r r i e d  o u t  on a  wedge a p p a r a t u s ,  t h e n  t h e  A - t  

c u r v e s  ( s e e  F i g u r e  3 0 )  are used t o  de te rmine  t h e  v a l u e  o f  P /F f o r  t h e  g i v e n  
WI 

a n g l e  o f  i n c l i n a t i o n  o f  t h e  s o i l  sample ,  which is  t h e n  used  t o  c a l c u l a t e  t h e  

c r i t i c a l  long-term s h e a r  r e s i s t a n c e  o f  t h e  f r o z e n  s o i l  ( T ) and i t s  
AJl 

c o r r e s p o n d i n g  normal p r e s s u r e  ( a ) ,  u s i n g  t h e  f o l l o w i n g  fo rmulas :  

P 
r = * sin a; 
An F 

P 
a = -  cos a. 

F 

4.230. I n  o r d e r  t o  de te rmine  t h e  v a r i a b l e s  c and +An f o r  a g i v e n  
An 

s o i l ,  a s h e a r  d iagram is p l o t t e d  ( s e e  F i g u r e  29,  c u r v e  2 ) .  

The normal p r e s s u r e  v a l u e s  ( a )  are p l o t t e d  a l o n g  t h e  Y-axis,  and t h e  

cor respond ing  v a l u e s  o f  t h e  long-term s h e a r  r e s i s t a n c e  ( r ) are p l o t t e d  
e n  

a l o n g  t h e  X-axis. 



4.231. The r e s u l t i n g  s h e a r  diagram ( s e e  F i g u r e  2 9 ,  c u r v e  2 )  is used t o  

d e t e r m i n e ,  i n  a  manner similar t o  t h a t  i n d i c a t e d  i n  s e c t i o n s  4.207 and 4.208, 

t h e  c r i t i c a l  long-term cohes ion  v a l u e s  and t h e  a n g l e s  o f  i n t e r n a l  f r i c t i o n  ( c  
Clll 

and $An) f o r  t h e  given s o i l ,  which a r e  recorded  i n  a l o g  book. 

4.232. An approximate  v a l u e  f o r  t h e  4 parameter  o f  f r o z e n  s o i l  which h a s  
w 

a mass ive ,  t h i n l y - l a y e r e d ,  o r  t h i n l y - r e t i c u l a t e  s t r u c t u r e  can be determined on 

t h e  b a s i s  o f  s h e a r  r e s i s t a n c e  t e s t s  which a r e  c a r r i e d  o u t  on an unf rozen  sample 

o f  t h e  g iven  s o i l  type .  Such t e s t s  a r e  c a r r i e d  o u t  i n  accordance  w i t h  S t a t e  

S tandard  12248-66. These t e s t s  a r e  c a r r i e d  o u t  u s i n g  a sample whose m o i s t u r e  

c o n t e n t  and s p e c i f i c  weight  a r e  t h e  same as when it  is f rozen .  

DETERMINATION OF THE SHEAR RESISTANCE CHARACTERISTICS OF THAWED SOIL 

4.233. The d e t e r m i n a t i o n  o f  t h e  c r i t i c a l  s h e a r  r e s i s t a n c e  o f  thawed s o i l  

w i t h  a  f l u i d  o r  s o f t - p l a s t i c  c o n s i s t e n c y  is  c a r r i e d  o u t  on a VSV-1 a p p a r a t u s  

( s e e  F i g u r e  2 7 ) ,  i n  which t h e  p r e s s u r e  is t r a n s m i t t e d  by way o f  a  dynamometer 

( p r o v i n g  r i n g ) .  A l l  dynamometers which a r e  used d u r i n g  such t e s t i n g  must have a  

c e r t i f i c a t e  o f  government i n s p e c t i o n .  

4.234. Using t h e  d a t a  which a r e  g iven  i n  t h e  c e r t i f i c a t e ,  a  c a l i b r a t i o n  

c u r v e  is p l o t t e d  w i t h i n  t h e  f o l l o w i n g  c o o r d i n a t e s :  dynamometer d i a l  r e a d i n g  

A(mm) - l o a d  P ( k g ) .  I n  o r d e r  t o  make i t  more conven ien t  t o  u s e ,  t h e  c u r v e  is 

r e p l o t t e d  w i t h i n  t h e  c o o r d i n a t e s  A-a and A-r, where IS= P1/F kg/cm2 and 
2  

r=P2/F kg/cm2, where F is  t h e  c r o s s  s e c t i o n a l  a r e a  o f  t h e  sample  i n  cm . 
Using t h e  c a l i b r a t i o n  c u r v e s  and t h e  de format ion  o f  t h e  sample ( A ) ,  as 

measured d u r i n g  t h e  t e s t i n g  o f  t h e  sample ,  t h e  c o r r e s p o n d i n g  v a l u e s  o f  a  and r  

a r e  determined.  

4.235. The s h e a r  r e s i s t a n c e  o f  thawed s o i l  is de te rmined  under  v a r i o u s  ( n o t  

l e s s  t h a n  t h r e e  o r  f o u r )  v a l u e s  o f  t h e  v e r t i c a l  l o a d  P, whose magnitude is  

e s t a b l i s h e d  by t h e  p l a n  i n  accordance  w i t h  t h e  r e q u i r e m e n t s  o f  t h e  proposed 

des ign .  The d e t e r m i n a t i o n s  shou ld  b e  c a r r i e d  o u t  a t  l e a s t  i n  t r i p l i c a t e .  

4.236. I n  t h e  e v e n t  t h a t  i t  is  n e c e s s a r y  t o  o b t a i n  t h e  s t r e n g t h  

c h a r a c t e r i s t i c s  o f  a  s o i l  immediately a f t e r  i t  h a s  thawed ( w h i l e  m a i n t a i n i n g  t h e  

same m o i s t u r e  c o n t e n t  a s  t h e  f r o z e n  s o i l ) ,  t h e  t e s t i n g  is c a r r i e d  o u t  under  

c l o s e d  sys tem c o n d i t i o n s .  The sample o f  f r o z e n  s o i l  is e n c l o s e d  w i t h i n  a  t h i n  

rubber  membrane ( n o t  more t h a n  0.2 mm t h i c k )  and p l a c e d  i n t o  t h e  working r i n g  o f  

t h e  s h e a r  t e s t e r .  Both ends  o f  t h e  s o i l  sample a r e  t h e n  covered w i t h  r u b b e r  

l i n e r s .  



Note. I n  o r d e r  t o  a v o i d  t h e  de format ion  o f  t h e  sample when i t  is  loaded  

i n t o  t h e  a p p a r a t u s  t h e  i n t e r n a l  d iamete r  o f  t h e  r i n g  sampler  must be s m a l l e r  

than  t h e  d iamete r  o f  t h e  working r i n g  o f  t h e  s h e a r  t e s t e r  by t h e  t h i c k n e s s  o f  

t h e  r u b b e r  membrane. 

4.237. P r i o r  t o  t e s t i n g ,  t h e  sample is  brought  i n t o  a  w a r m  room and p u t  

i n t o  p o s i t i o n  i n  t h e  s h e a r  t e s t i n g  a p p a r a t u s .  

4.238. The sample thaws w i t h i n  t h e  a p p a r a t u s  a t  room tempera tu re .  The 

complet ion o f  thawing is  e s t a b l i s h e d  by p rob ing  wi th  a t h i n  w i r e  through t h e  t o p  

of t h e  sample. A s  a r u l e ,  thawing t a k e s  40-60 minutes .  

4.239. A f t e r  t h e  sample h a s  thawed t h e  dynamometer is put  i n t o  p l a c e ,  t h e  

s t o p  screw is  r e l e a s e d ,  and a n  immediate d e t e r m i n a t i o n  is made o f  t h e  s h e a r  

r e s i s t a n c e  o f  t h e  s o i l ;  t h e  r e q u i r e d  v e r t i c a l  p r e s s u r e  i s  a p p l i e d  by t u r n i n g  t h e  

screw;  t h e  i n d i c a t o r  r e a d i n g  which cor responds  t o  t h i s  p r e s s u r e  is o b t a i n e d  from 

t h e  c u r v e  f o r  t h a t  p a r t i c u l a r  dynamometer. 

4.240. Immediately after t h e  a p p l i c a t i o n  o f  t h e  v e r t i c a l  l o a d ,  t h e  screw is 

even ly  t u r n e d  i n  o r d e r  t o  q u i c k l y  ( w i t h i n  8-10 s e c o n d s )  produce s h e a r  ( t h e  

c e s s a t i o n  o f  an  i n c r e a s e  i n  t h e  s h e a r i n g  f o r c e  i n d i c a t e s  t h a t  s h e a r i n g  h a s  t aken  

p l a c e ) .  A t  t h e  i n s t a n t  o f  s h e a r ,  t h e  i n d i c a t o r  r e c o r d s  t h e  maximum v a l u e  o f  t h e  

de format ion  A, which cor responds  t o  t h e  c r i t i c a l  s h e a r  r e s i s t a n c e .  I n  o r d e r  t o  

a v o i d  r e c o r d i n g  an o v e r l y  h i g h  s o i l ,  s h e a r  r e s i s t a n c e ,  r e s u l t i n g  from t h e  

r e s i l i e n c e  o f  t h e  r u b b e r  membrane, t h e  t r a v e l  o f  t h e  s h e a r i n g  assembly must be  

moni tored t o  keep it from moving f u r t h e r  t h a n  5  mm. 

4.241. When t e s t i n g  a s o i l  sample ,  i t  is n e c e s s a r y  t o  moni tor  t h e  cons tancy  

o f  t h e  v e r t i c a l  p r e s s u r e ,  and t o  m a i n t a i n  it w i t h  t h e  a i d  o f  t h e  c o n t r o l  sc rew 

( s e e  F i g u r e  27 1. 

4.242. When t h e  test is  completed t h e  a p p a r a t u s  is  disassembled ,  t h e  s o i l  

s a m p l e  is t a k e n  o u t  o f  i t s  r u b b e r  membrane, and a  sample is t a k e n  from t h e  s h e a r  

zone i n  o r d e r  t o  de te rmine  i ts  m o i s t u r e  c o n t e n t .  

4.243. The long-term s h e a r  r e s i s t a n c e  v a l u e  ( - c )  is  determined from t h e  

c a l i b r a t i o n  c u r v e  which accompanies t h e  dynamometer. 

4.244. Using t h e  test  r e s u l t s ,  a s h e a r  d iagram is p l o t t e d  f o r  thawed s o i l  

which h a s  t h e  g iven  m o i s t u r e  c o n t e n t .  The d e s i g n  paramete rs  c  and r$ are 

determined i n  accordance  w i t h  s e c t i o n s  4.207 and 4.208. 

4.245. The d e t e r m i n a t i o n  of t h e  s h e a r  r e s i s t a n c e  c h a r a c t e r i s t i c s  o f  thawed 

s o i l s  which have hard  p l a s t i c  and semi-so l id  c o n s i s t e n c i e s  can  a l s o  b e  c a r r i e d  

o u t  on a GGP-30 a p p a r a t u s ,  as per State Standard  12248-66, which was developed 

f o r  unf rozen  s o i l s .  
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4.246. When r a t i n g  f o u n d a t i o n s  f o r  s t r e n g t h  and r e s i s t a n c e  t o  h e a v i n g  

f o r c e s ,  i t  is n e c e s s a r y  t o  know t h e  r e s i s t a n c e  o f  t h e  f r o z e n  s o i l  t o  s h e a r  a l o n g  
H 

t h e  s u r f a c e  o f  t h e  f o u n d a t i o n  ( RCCI 1, which i s  c a l l e d  t h e  s t a n d a r d  r e s i s t a n c e  

o f  f r o z e n  s o i l  t o  s h e a r  a l o n g  t h e  lateral  a d f r e e z i n g  s u r f a c e .  

4.247. The v a l u e  o f  2 i s  d e t e r m i n e d  e x p e r i m e n t a l l y  from t h e  r e s u l t s  o f  
cn 

f i e l d  t e s t i n g  f o u n d a t i o n s  under  test l o a d s ,  o r  on  t h e  b a s i s  o f  l a b o r a t o r y  

tests. F i e l d  tests are t h e  main method o f  d e t e r m i n a t i o n .  I n  t h e  a b s e n c e  o f  

test  d a t a ,  t h e  v a l u e  is o b t a i n e d  from T a b l e  5  o f  c h a p t e r  11-B.6-66 o f  t h e  

C o n s t r u c t i o n  S t a n d a r d s  and R e g u l a t i o n s .  

4.248. The l a b o r a t o r y  t e s t i n g  o f  f r o z e n  s o i l  s a m p l e s  f o r  s h e a r  a l o n g  t h e  

lateral  a d f r e e z i n g  s u r f a c e ,  i f  t h i s  is c a l l e d  f o r  by t h e  p l a n ,  is c a r r i e d  o u t  i n  

v a l u e s ,  which depend on  t h e  s o i l  c o m p o s i t i o n ,  o r d e r  t o  o b t a i n  t h e  R 
C A 

t e m p e r a t u r e ,  m o i s t u r e  c o n t e n t ,  normal  p r e s s u r e ,  and o t h e r  f a c t o r s .  

APPARATUS 

4.249. I n  o r d e r  t o  d e t e r m i n e  t h e  r e s i s t a n c e  o f  f r o z e n  s o i l s  t o  s h e a r  a l o n g  

t h e  la tera l  s u r f a c e  o f  a f o u n d a t i o n  by t h e  l a b o r a t o r y  method,  a p p a r a t u s  are u s e d  

i n  which models  o f  f o u n d a t i o n s  (N.A. T s y t o v i c h l s  a p p a r a t u s )  o r  p a r t s  o f  

f o u n d a t i o n s  (V.F. Ermakovls  a p p a r a t u s )  are pushed t h r o u g h  t h e  s o i l ,  as w e l l  as 

s h e a r i n g  a p p a r a t u s  i n  which s h e a r  is  e f f e c t e d  a l o n g  t h e  a d f r e e z i n g  p l a n e  be tween 

t h e  s o i l  and t h e  e l emen t  o f  t h e  f o u n d a t i o n  ( a p p a r a t u s  d e s i g n e d  by t h e  S c i e n t i f i c  

Resea rch  I n s t i t u t e  o f  F o u n d a t i o n s  and Underground S t r u c t u r e s ) .  

4.250. N.A.  T s y t o v i c h l s  a p p a r a t u s  c o n s i s t s  o f  a n  o u t e r  r i n g  (105 mm i n  

d i a m e t e r ,  8 0  mm h i g h ) ,  a bo t tom p l a t e  w i t h  a round  o p e n i n g  i n  its c e n t e r ,  a n  

i n s e r t  which  c l o s e s  t h e  o p e n i n g  i n  t h e  bo t tom p l a t e ,  p o s t s  (40 rnm i n  d i a m e t e r  

and 120 mm h i g h )  made o u t  o f  v a r i o u s  b u i l d i n g  materials, a n d  a c a p  which fits 

o v e r  t h e  t o p  o f  t h e  p o s t .  

I n  o r d e r  t o  c a r r y  o u t  t h e  tests, t h e  o u t e r  r i n g  i s  set i n t o  p o s i t i o n  on t h e  

bottom p l a t e ,  t h e  o p e n i n g  i n  which is c l o s e d  by t h e  i n s e r t ;  t h e  p o s t  is  p l a c e d  

on t o p  o f  t h e  i n s e r t .  The i n s i d e  o f  t h e  r i n g  i s  f i l l e d  w i t h  s o i l .  The 

a p p a r a t u s  is t h e n  p l a c e d  i n s i d e  a c o l d  room o r  a r e f r i g e r a t o r ,  where  t h e  s o i l  

f r e e z e s .  



F i g u r e  31. S c h e m a t i c  d i ag ram o f  F i g u r e  32. S c h e m a t i c  d i ag ram o f  

T s y t o v i c h ' s  a p p a r a t u s  E rmakov t s  a p p a r a t u s  

1- o u t e r  r i n g ;  2- bo t tom p l a t e ;  1- h o u s i n g ;  2- p l a t e  

3- i n s e r t ;  4- p o s t ;  5- c a p  

P r i o r  t o  t e s t i n g ,  t h e  i n s e r t  is  removed from t h e  bo t tom p l a t e ,  a n d  t h e  

l o a d i n g  c a p  i s  p l a c e d  o v e r  t h e  p o s t ;  t h e  a p p a r a t u s  is p l a c e d  unde r  a l o a d i n g  

p r e s s  and  t h e  p o s t  is pushed t h r o u g h  t h e  s o i l .  

4.251. V.F. Ermakov's a p p a r a t u s  ( F i g u r e  3 2 )  c o n s i s t s  o f  two p a r t s  - a s t e e l  

h o u s i n g ,  a n d  a p l a t e d  made o u t  o f  b u i l d i n g  material ,  which  i m i t a t e s  a f o u n d a t i o n  

e l e m e n t .  The h o u s i n g  is  i n  t h e  form o f  a r e c t a n g u l a r  box 200X150X100 mm i n  

s i z e ,  w i t h  a c u t  o u t  o p e n i n g  i n  i ts  bot tom.  A 150X120X40 mm p l a t e ,  made o u t  o f  

b u i l d i n g  m a t e r i a l ,  is  p l a c e d  i n t o  t h e  c u t o u t .  I n  o r d e r  t o  p r e v e n t  t h e  p l a t e  

from r u b b i n g  a g a i n s t  t h e  s i d e  w a l l s  o f  t h e  h o u s i n g ,  t h e  l a t t e r  i s  e q u i p p e d  w i t h  

sli ts  which are c l o s e d  w i t h  r emovab le  c o v e r  p l a t e s .  Once t h e  p l a t e  is  p u t  i n t o  

p l a c e  i n  t h e  a p p a r a t u s ,  t h e  h o u s i n g  i s  f i l l e d  w i t h  s o i l  a n d  p u t  i n t o  a  c o l d  room 

o r  a r e f r i g e r a t o r  i n  o r d e r  t o  f r e e z e  t h e  s o i l .  

P r i o r  t o  t e s t i n g ,  t h e  s i d e  a n d  bot tom c o v e r  p l a t e s  are removed from t h e  

hous ing .  The a p p a r a t u s  i s  t h e n  p l a c e d  unde r  a l o a d i n g  p r e s s  and a l o a d  i s  

a p p l i e d  t o  t h e  t o p  edge  o f  t h e  p l a t e .  



F i g u r e  33. S c h e m a t i c  d i ag ram o f  t h e  a p p a r a t u s  d e s i g n e d  by t h e  S c i e n t i f i c  

Resea rch  I n s t i t u t e  o f  F o u n d a t i o n s  and  Underground S t r u c t u r e s  

1- s h e a r  chamber;  2- moveable s h e a r i n g  a s s e m b l y ;  3- g u i d e ;  4- f o u n d a t i o n  

m a t e r i a l ;  5- s ample ;  6- s tee l  b a l l  b e a r i n g ;  7- mount ing  screw; 8- b a s e  

p l a t e ;  9- l a t e ra l  p r e s s  t o o l ;  10- l a t e ra l  p r e s s u r e  p l a t e ;  11- s c r e w ;  12- 

dynamometer b r a c k e t ;  13- dynamometer c lamp;  14- l a t e ra l  p o s t ;  15- t i g h t e n i n g  

s c r e w  

4.252. The a p p a r a t u s  which was d e s i g n e d  by  t h e  F o u n d a t i o n s  R e s e a r c h  
1 

I n s t i t u t e  ( F i g u r e  3 3 )  h a s  a s h e a r  chamber and  a g u i d e  a s s e m b l y ,  i n  which t h e  

moveable s h e a r i n g  a s sembly  f o r  t h e  t r a n s m i s s i o n  o f  no rma l  p r e s s u r e ,  c o n s i s t i n g  

o f  f o u r  p o s t s ,  a p r e s s u r e  p l a t e ,  a s c r e w ,  a n d  a dynamometer. 

4.253. A c y l i n d r i c a l  s a m p l e ,  c o m p r i s i n g  a  s o i l  p o r t i o n  and a f o u n d a t i o n  

m a t e r i a l  p o r t i o n  which are f r o z e n  t o g e t h e r ,  is p l a c e d  i n t o  t h e  s h e a r  chamber and  

t h e  c y l i n d r i c a l  d e p r e s s i o n  o f  t h e  moveable a s sembly .  The s h e a r i n g  l o a d  is 

a p p l i e d  from t h e  p r e s s  t o  t h e  sample  by way o f  t h e  u p p e r  l u g  on  t h e  moveable 

s h e a r i n g  a s sembly .  

1 
The d e s i g n  was deve loped  by A.V. S a d o v s k i i ,  w i t h  t h e  c o l l a b o r a t i o n  o f  S.E. 

G o r o d e t s k i i .  



The t ransmiss ion  o f  a  normal load  t o  t h e  sample is accomplished wi th  t h e  a i d  

of  a  screw which is l oca t ed  i n  t h e  l a t e r a l  p r e s su re  p l a t e .  The p re s su re  from 

t h e  screw is  t r ansmi t t ed  t o  t h e  sample by way o f  t h e  dynamometer and t h e  l a t e r a l  

load ing  p l a t en .  I n  o rde r  t o  keep i t  from t o p l i n g  ove r ,  t h e  e n t i r e  appa ra tu s  is 

a t t ached  t o  a  base p l a t e  wi th  t h e  a i d  o f  a  mounting screw. 

4.254. I n  those  i n s t a n c e s  when t h e  t e s t  is c a r r i e d  ou t  with t he  a p p l i c a t i o n  

o f  a  normal l oad ,  t h e  de te rmina t ion  o f  t h e  s h e a r  r e s i s t a n c e  should i nc lude  a  

c o r r e c t i o n  f o r  f r i c t i o n  i n  t h e  appara tus .  Th i s  r e q u i r e s  t h e  pre l iminary  

experimental  de te rmina t ion  o f  t h e  c o e f f i c i e n t  o f  f r i c t i o n  o f  t h e  moveable 

shea r ing  assembly a long  t h e  guide assembly. 

4.255. The c o e f f i c i e n t  o f  f r i c t i o n  is determined i n  t h e  fo l lowing  manner. 

The moveable assembly is put i n t o  p lace  on t h e  guide assembly, which is i n  a  

h o r i z o n t a l  p o s i t i o n ,  and whose t r a n s v e r s e  grooves a r e  f i l l e d  with s teel  b a l l  

bear ings .  A steel  c y l i n d e r ,  whose diameter  is 15 mm sma l l e r  than t h e  diameter  

o f  t h e  sample,  is placed i n t o  t h e  moveable assembly, a f t e r  which a  v e r t i c a l  load  

is a p p l i e d ,  i n  s e v e r a l  increments ,  t o  t h e  assembly. Af te r  each increment ,  t h e  

dynamometer is used t o  determine t h e  pressure  which is needed t o  s lowly move t h e  

moveable assembly a long  t h e  guide assembly. Af t e r  t h e  a p p l i c a t i o n  o f  s e v e r a l  

l oads ,  a  curve is p l o t t e d  which is used t o  e s t a b l i s h  t h e  c o e f f i c i e n t  o f  f r i c t i o n  

o f  t h e  appara tus :  

K n  = t a n  4 n ,  

where 4n - is  t h e  s lope  o f  t h e  r e c t i f i e d  curve ,  which expresses  t h e  s h e a r i n g  

load ,  under which t h e  assembly begins  t o  s lowly move, a s  a  

func t ion  o f  t h e  normal load. 

The va lue  R~ , kg/cm2 f o r  each increment o f  t h e  normal load (N, kg) is 
c 11 

c a l c u l a t e d  u s ing  t h e  formula: 

where T - is t h e  shea r ing  load ,  i n  kg; 

F - is t h e  a r e a  o f  t h e  sample,  i n  cm'; 

Kn - is t h e  c o e f f i c i e n t  o f  f r i c t i o n  o f  t h e  appara tus .  



4.256. The most advanced a p p a r a t u s  o f  t h o s e  l i s t e d  above  is t h e  o n e  

d e s i g n e d  a t  t h e  S c i e n t i f i c  Research  I n s t i t u t e  o f  F o u n d a t i o n s  and Underground 

S t r u c t u r e s .  For  t h i s  r e a s o n ,  t h e  methodology o f  p r e p a r i n g  t h e  s a m p l e s  and o f  

c a r r y i n g  o u t  t h e  tests f o r  d e t e r m i n i n g  t h e  r e s i s t a n c e  o f  f r o z e n  s o i l s  t o  s h e a r  

a l o n g  t h e  lateral  s u r f a c e  o f  a f o u n d a t i o n  is p r e s e n t e d  m a i n l y  w i t h  t h i s  

a p p a r a t u s  i n  mind. 

PREPARATION OF SAMPLES 

4.257. Samples which are t o  b e  t e s t e d  on  t h e  F o u n d a t i o n s  Resea rch  I n s t i t u t e  

a p p a r a t u s  are c y l i n d r i c a l  and are composed o f  two p a r t s  which are f r o z e n  

t o g e t h e r ;  a s o i l  p a r t ,  and  t h e  f o u n d a t i o n  material. The s o i l  p a r t  o f  t h e  sample  

is c o n f i n e d  i n  a metal s l e e v e  which h a s  a n  i n n e r  d i a m e t e r  o f  71.3 mm a n d  a 

h e i g h t  o f  35 mm. The f o u n d a t i o n  material is  p r e p a r e d  i n  t h e  form o f  a d i s k  w i t h  

a n  o u t e r  d i a m e t e r  o f  73.3 mm and  a h e i g h t  o f  1 5  mm. 

4.258. I n  o r d e r  t o  p r e p a r e  t h e  s a m p l e s ,  i.e. t o  a d f r e e z e  t h e  s o i l  t o  t h e  

f o u n d a t i o n  material, fo rms  are used  w i t h  whose a i d  v a r i o u s  s o i l  f r e e z i n g  

c o n d i t i o n s  are c r e a t e d ;  

1 )  f o r  u n i a x i a l  c o o l i n g  o f  t h e  s o i l  t h r o u g h  t h e  s u r f a c e  o f  t h e  f o u n d a t i o n  

material i n  a n  open s y s t e m ,  i .e .  w i t h  a c o n s t a n t  s u p p l y  o f  water t o  t h e  

f r e e z i n g  f r o n t ,  t h e  form is made o u t  o f  a c r y l i c  p l a s t i c  w i t h  walls 25  

mm t h i c k  ( F i g u r e  3 4 a ) ;  

F i g u r e  34. Moulds f o r  t h e  p r e p a r a t i o n  o f  s a m p l e s  

a- w i t h  u n i a x i a l  c o o l i n g  and  t h e  i n f l u x  o f  w a t e r ;  b- w i t h  a l l - r o u n d  c o o l i n g  
and  w i t h o u t  t h e  i n f l u x  o f  w a t e r ;  c- w i t h  u n i a x i a l  c o o l i n g  and  w i t h o u t  t h e  
i n f l u x  o f  water; 1- mount ing  r i n g ;  2- l o c k i n g  r i n g ;  3- t i g h t e n i n g  r i n g ;  4- 
i n t e r m e d i a t e  r i n g ;  5- t i g h t e n i n g  s c r e w ;  6- p e r f o r a t e d  d i s k ;  7- t u b e  f o r  
s u p p l y i n g  water; 8- n u t ;  9- f o u n d a t i o n  material; 10- s l e e v e  which h o l d s  t h e  
s o i l ;  11- water r e s e r v o i r ;  12- l i d ;  13- b a c k i n g  r i n g ;  14- s o i l  



2 )  f o r  a l l - r o u n d  c o o l i n g  w i t h o u t  t h e  i n f l u x  o f  water t h e  mould is made o u t  

o f  metal ( F i g u r e  3 4 b ) ;  

3 )  f o r  u n i a x i a l  c o o l i n g  i n  a c l o s e d  s y s t e m ,  i.e. w i t h o u t  t h e  s u p p l y  o f  

water t o  t h e  f r e e z i n g  f r o n t ,  t h e  mould is  made o u t  o f  a c r y l i c  p l a s t i c  

w i t h  25 mm-thich walls ( F i g u r e  3 4 c ) .  

4.259. The f o l l o w i n g  sequence o f  o p e r a t i o n s  must be  obse rved  when p r e p a r i n g  

samples :  t h e  p re -d r i ed  and p u l v e r i z e d  s o i l  is g i v e n  t h e  r e q u i r e d  m o i s t u r e  

c o n t e n t ,  a f t e r  which,  depending on t h e  e x p e r i m e n t a l  s p e c i f i c a t i o n s ,  t h e  r e q u i r e d  

mould is s e l e c t e d  f o r  f r e e z i n g ,  fo l lowed  by t h e  i n s e r t i o n  o f  t h e  d i s k  (which is 

made o u t  o f  t h e  f o u n d a t i o n  m a t e r i a l )  and o f  t h e  m e t a l  s l e e v e  (which is f i l l e d  

w i t h  s o i l ) .  The assembled mould is t h e n  p laced  i n t o  a c o o l i n g  chamber. 

4.260. The f r e e z i n g  regime f o r  t h e  samples  is s e l e c t e d  i n  a c c o r d a n c e  w i t h  

t h e  s p e c i f i c a t i o n s ,  keep ing  i n  mind t h e  the rmal  r eg ime  o f  t h e  s t r u c t u r e .  One 

s h o u l d  be guided by formula  10 i n  c h a p t e r  11-B.6-66 o f  t h e  C o n s t r u c t i o n  

S t a n d a r d s  and Regu la t ions .  

4.261. During f r e e z i n g ,  t h e  t e m p e r a t u r e  o f  t h e  s o i l  is monitored w i t h  t h e  

a i d  o f  thermocouples .  The thermocouples  are i n s e r t e d  i n t o  t h e  s o i l  sample  by 

way o f  open ings  i n  t h e  w a l l  o f  t h e  m e t a l  s l e e v e  and i n  t h e  mould. A f t e r  i t  is 

c o m p l e t e l y  f r o z e n ,  t h e  s o i l  sample is removed from t h e  mould and k e p t  i n  a n  

u l t r a t h e r m o s t a t  o r  i n  a c o o l i n g  chamber f o r  a t  least  2 hours  a t  t h e  t e s t i n g  

t empera tu re .  

4.262. The s h e a r i n g  chamber o f  t h e  Founda t ions  Research I n s t i t u t e  a p p a r a t u s  

may be used as t h e  mould f o r  p r e p a r i n g  s o i l  samples .  T h i s  s h o u l d  be done i n  

t h o s e  i n s t a n c e s  when it is n e c e s s a r y  t o  d e t e r m i n e  s h e a r  r e s i s t a n c e  a l o n g  t h e  

l a t e r a l  s u r f a c e  o f  a founda t ion  under t h e  i n f l u e n c e  o f  normal ( p r e s s i n g )  

f o r c e s .  Under f i e l d  c o n d i t i o n s ,  normal f o r c e s  a r i s e  d u r i n g  t h e  f r e e z i n g  o f  s o i l  

which is c o n f i n e d  by t h e  l a t e r a l  s u r f a c e  o f  a f o u n d a t i o n  and t h e  wall o f  a h o l e  

i n t o  which i t  h a s  been p l a c e d ;  f o r  example,  d u r i n g  t h e  a d f r e e z i n g  o f  s o i l  t o  a 

p i l e  i n  a h o l e  which is f i l l e d  w i t h  a s o i l  s l u r r y  (mud). 

4.263. The p r e p a r a t i o n  o f  t h e  sample i n  t h e  Founda t ions  Research 

I n s t i t u t e ' s  a p p a r a t u s  ( F i g u r e  33) is done as fo l lows .  The s o i l - c o n t a i n e r  s l e e v e  

is placed  i n t o  t h e  s h e a r i n g  chamber and t h e  d i s k  which is made o u t  o f  t h e  

f o u n d a t i o n  material is p u t  i n t o  t h e  c y l i n d r i c a l  r e c e s s  i n  t h e  moveable 

assembly.  The a p p a r a t u s  is s o  assembled as t o  have  t h e  founda t ion  material 



under  t h e  s o i l - c o n t a i n e r  s l e e v e .  The s l e e v e  is  t h e n  f i l l e d  w i t h  s o i l .  The 

l o a d i n g  p l a t e n  is p u t  o n t o  t h e  s u r f a c e  o f  t h e  s o i l  and t h e  dynamometer is 

i n s t a l l e d .  I n  o r d e r  t o  l e v e l  t h e  s u r f a c e  o f  t h e  s o i l  b e n e a t h  t h e  l o a d i n g  p l a t e n  

t h e  screw is used t o  a p p l y  a l o a d  o f  0 . 1  kg/cm2 t o  t h e  s o i l  f o r  5  minu tes .  

The a p p a r a t u s  is  t h e n  p l a c e d  i n t o  a c o o l i n g  chamber. As t h e  s o i l  f r e e z e s ,  

t h e  dynamometer r e a d i n g s  are moni to red  i n  o r d e r  t o  o b s e r v e  t h e  h e a v i n g  p r e s s u r e  

i n  t h e  s o i l  as it  a d f r e e z e s  t o  t h e  f o u n d a t i o n  material. When t h e  s o i l  s t o p s  

h e a v i n g ,  t h e  a p p a r a t u s  is p laced  under  t h e  l o a d i n g  p r e s s  and s h e a r  t e s t i n g  i s  

c a r r i e d  o u t .  

4.264. Befo re  f i l l i n g  t h e  s o i l - c o n t a i n e r  s l e e v e  w i t h  s o i l ,  i t  is a d v i s a b l e  

t o  c o a t  i t  w i t h  pe t ro leum j e l l y  o r  g r e a s e ,  and l i n e  i t  w i t h  a l a y e r  o f  

p o l y e t h y l e n e  f i l m ;  t h e  s u r f a c e  o f  t h e  l o a d i n g  p l a t e n  which comes i n t o  c o n t a c t  

w i t h  t h e  s o i l  is a l s o  c o a t e d  w i t h  pe t ro leum j e l l y  o r  g r e a s e .  

TEST PROCEDURE 

4.265. The u l t i m a t e  g o a l  o f  t e s t i n g  is  t h e  d e t e r m i n a t i o n  o f  t h e  long- term 

r e s i s t a n c e  t o  s h e a r  o f  f r o z e n  s o i l  a l o n g  t h e  m a t e r i a l  o f  t h e  f o u n d a t i o n .  

4.266. H y d r a u l i c ,  e l e c t r o m e c h a n i c a l ,  and  l e v e r  p r e s s e s  and  l o a d i n g  machines  

may be  used  f o r  c a r r y i n g  o u t  t h e  tests .  Shor t - t e rm tes ts  are c a r r i e d  o u t  on 

h y d r a u l i c  and e l e c t r o m e c h a n i c a l  p r e s s e s ;  c r e e p  t e s t i n g  is c a r r i e d  o u t  w i t h  t h e  

a i d  o f  l e v e r  p r e s s e s  o r  t e s t i n g  machines  which are a d a p t e d  f o r  m a i n t a i n i n g  a 

c o n s t a n t  l o a d  f o r  a l o n g  p e r i o d  o f  time. 

4.267. The magnitude o f  t h e  normal l o a d  is  de te rmined  by t h e  t e s t i n g  

program i n  accordance  w i t h  t h e  method o f  l a y i n g  o r  s i n k i n g  o f  t h e  f o u n d a t i o n  

i n t o  t h e  p e r m a f r o s t .  I f  t h e  magnitude o f  t h e  normal  l o a d  is n o t  s t i p u l a t e d  t h e  

tes ts  are c a r r i e d  o u t  under  a s h e a r i n g  l o a d  o n l y .  

4.268. The t e s t i n g  methods a r e  similar t o  t h o s e  which are used  f o r  t h e  

s h e a r  t e s t i n g  o f  f r o z e n  s o i l s .  I n  a c c o r d a n c e  w i t h  t h i s  methodology,  

d e t e r m i n a t i o n s  o f  t h e  c r i t i c a l  long- term s h e a r  r e s i s t a n c e  are preceded  by r a p i d  

l o a d i n g  tes ts ,  t h e  r e s u l t s  o f  which are used  t o  d e t e r m i n e  t h e  v a l u e  o f  t h e  

a r b i t r a r y  i n s t a n t a n e o u s  r e s i s t a n c e  . 



4.269. I n  conformance w i t h  t h e  g e n e r a l  s h e a r  t e s t i n g  methodology ( s e c t i o n s  

4.184-4.200), tes ts  f o r  d e t e r m i n i n g  t h e  long-term s h e a r  r e s i s t a n c e  o f  f r o z e n  

s o i l  a l o n g  t h e  s u r f a c e  o f  a f o u n d a t i o n  are c a r r i e d  o u t  w i t h  t h e  s a m p l e s  u n d e r  

c o n s t a n t  s h e a r i n g  l o a d s  which are i n c r e a s e d  i n  even inc rement s .  The s i z e  o f  

each  i n c r e m e n t  is t a k e n  t o  b e  1 / 1 0  o f  t h e  a r b i t r a r y  i n s t a n t a n e o u s  s h e a r  

r e s i s t a n c e .  

4.270. Each s h e a r i n g  l o a d  inc rement  is a p p l i e d  u n t i l  d e f o r m a t i o n  h a s  

s t a b i l i z e d .  S t a b i l i z a t i o n  is c o n s i d e r e d  t o  have  s t a b i l i z e d  when i t  d o e s  n o t  

i n c r e a s e  by more t h a n  0 .01 mm d u r i n g  t h e  f o l l o w i n g  i n t e r v a l s  o f  time: 6 h o u r s  

i n  t h e  case o f  s a n d ;  1 2  h o u r s  i n  t h e  case o f  sandy  loam; and 24 h o u r s  i n  t h e  

case o f  loam and c l a y .  

4.271. After t h e  s h e a r i n g  l o a d  is a g a i n  i n c r e a s e d ,  s t a b i l i z a t i o n  o f  

d e f o r m a t i o n  is n o t  o b s e r v e d ,  and d e f o r m a t i o n  c o n t i n u e s  a t  a c o n s t a n t  rate.  A t  

t h i s  s t a g e ,  t h e  n e x t  l o a d  inc rement  is a p p l i e d  i n  o r d e r  t o  a s c e r t a i n  t h a t  

d e f o r m a t i o n  is c o n t i n u i n g  as s t e a d y  s ta te  c r e e p .  T e s t i n g  is d i s c o n t i n u e d  when 

n o n - a t t e n u a t i n g  d e f o r m a t i o n  is obse rved  t o  b e  well e s t a b l i s h e d  under  two 

s u c c e s s i v e  s h e a r i n g  l o a d  inc rement s .  

I n i t i a l  d a t a  and d a t a  from o b s e r v a t i o n s  are r e c o r d e d  i n  a l o g  book ( T a b l e s  

43  and 4 4 ) .  

T a b l e  43  
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a -  I n i t i a l  d a t a  i n  t h e  d e t e r m i n a t i o n  o f  t h e  long- term r e s i s t a n c e  t o  s h e a r  of  

f r o z e n  s o i l  a l o n g  t h e  s u r f a c e  o f  a f o u n d a t i o n ;  b- Founda t ion  material; c- Type 
0 

o f  mould used  f o r  f r e e z i n g ;  d- Temperature  o f  t h e  s o i l  s ample ,  i n  C ;  e- 
2 

F r e e z i n g  t e m p e r a t u r e ,  i n  OC; f- Area o f  s h e a r  F ,  i n  cm ; g- The c o e f f i c i e n t  

o f  f r i c t i o n  i n  t h e  a p p a r a t u s  Kn; h- A d e s c r i p t i o n  o f  t h e  s o i l ,  t h e  n a t u r e  of  ice 

f o r m a t i o n  a l o n g  t h e  c o n t a c t  w i t h  t h e  f o u n d a t i o n ,  and o t h e r  o b s e r v a t i o n s .  
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T a b l e  44 
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a- Data from o b s e r v a t i o n s  made d u r i n g  t h e  long- term t e s t i n g  o f  f r o z e n  s o i l s  f o r  

s h e a r  a l o n g  t h e  s u r f a c e  o f  f o u n d a t i o n s ;  b- T e s t  No. ; c- Normal l o a d  0 ,  i n  
2 

kg/cm ; d- S h e a r i n g  l o a d  i n c r e m e n t s  T,  i n  kg ;  e- Time a t  which t h e  r e a d i n g  was 

t a k e n ,  h o u r s  - minutes ;  f -  Time from t h e  s t a r t  o f  t h e  t e s t ,  h o u r s  - m i n u t e s ;  g- 

Time between r e a d i n g s  t -t h- d i a l  i n d i c a t o r  r e a d i n g s ,  mm; i- C o r r e c t i o n  
i i-1' 

f o r  t h e  d e f o r m a t i o n  o f  t h e  a p p a r a t u s ;  j- The d e f o r m a t i o n  o f  t h e  sample  A ,  i n  mm; 

k- The i n c r e a s e  i n  d e f o r m a t i o n  - A i ,  i n  mm; 1- The rate o f  d e f o r m a t i o n  
1 

v=(A i - A  i-1 ) / ( t i - t i - l l  

THE PROCESSING OF TEST DATA 

4.272. The v a l u e  o f  t h e  long- term r e s i s t a n c e  t o  s h e a r  o f  f r o z e n  s o i l  a l o n g  

t h e  s u r f a c e  o f  a f o u n d a t i o n  under  a s p e c i f i e d  normal  l o a d  ( o r  w i t h o u t  a 

s p e c i f i e d  l o a d )  is t a k e n  t o  be  t h e  r e s i s t a n c e  t o  s h e a r  which c o r r e s p o n d s  t o  t h e  

h i g h e s t  s h e a r  l o a d  under  which s t a b i l i z a t i o n  o f  d e f o r m a t i o n  o c c u r r e d  ( s e e  F i g u r e  

3 0 ) .  

The r e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  t h e  long- term r e s i s t a n c e  o f  f r o z e n  s o i l s  

t o  s h e a r  a l o n g  t h e  s u r f a c e  o f  a f o u n d a t i o n  are r e c o r d e d  i n  a l o g  book ( T a b l e  4 5 ) .  

.273. The d e s i g n  v a l u e  o f  t h e  s t a n d a r d  r e s i s t a n c e  t o  s h e a r  o f  f r o z e n  s o i l  
H 

a l o n g  t h e  s u r f a c e  o f  a f o u n d a t i o n  R as p e r  t h e  r e s u l t s  o f  l a b o r a t o r y  
C A 

t e s t i n g  is t a k e n  t o  b e  e q u a l  t o  t h e  a v e r a g e  v a l u e  o f  t h e  long- term s h e a r  

r e s i s t a n c e ,  as de te rmined  i n  a c c o r d a n c e  w i t h  s e c t i o n  4.270. 
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a- R e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  t h e  long-term r e s i s t a n c e  t o  s h e a r  o f  f r o z e n  

s o i l s  a l o n g  t h e  s u r f a c e  o f  f o u n d a t i o n s ;  b- T e s t  No. ; c- T e s t i n g  t e m p e r a t u r e  0 , 
0 

C ;  d- S o i l  t y p e  and f o u n d a t i o n  m a t e r i a l ;  e- S p e c i f i c  weight  o f  t h e  f r o z e n  
M 

s o i l  y 
3 

06 ' i n  g/cm ; f -  The m o i s t u r e  c o n t e n t  o f  t h e  f r o z e n  s o i l  W ,  %; g- The 

normal  i o a d  o ,  i n  kg/crn2; h- The long- term s h e a r  r e s i s t a n c e  ; i- The 
H 

s t a n d a r d  s h e a r  r e s i s t a n c e  o f  f r o z e n  s o i l  R . 
C A 

TANGENTIAL HEAVING FORCES OF SOILS 

M onsl~a 

- 

4.274. The f r o s t  heav ing  o f  f o u n d a t i o n s  and s t r u c t u r e s  is unders tood  t o  

mean t h e i r  v e r t i c a l  d i sp lacement  ( e l e v a t i o n ) ,  caused  by t h e  h e a v i n g  o f  t h e  s o i l  

a s  i t  f r e e z e s .  

4.275. Depending on t h e i r  o r i e n t a t i o n  w i t h  r e s p e c t  t o  t h e  s u r f a c e  o f  a 

f o u n d a t i o n ,  heav ing  f o r c e s  a r e  c l a s s i f i e d  a s  t a n g e n t i a l  o r  normal. T a n g e n t i a l  

f o r c e s  are t h o s e  which a r e  d i r e c t e d  a l o n g  t h e  l a t e r a l  s u r f a c e  o f  a f o u n d a t i o n  

( o r  s t r u c t u r a l  e l e m e n t ) ,  w h i l e  normal f o r c e s  a r e  t h o s e  which are d i r e c t e d  

p e r p e n d i c u l a r  t o  t h e  la tera l  s u r f a c e  o r  b a s e  o f  a founda t ion .  

4.276. When d e s i g n i n g  f o u n d a t i o n s  on p e r m a f r o s t ,  it is n e c e s s a r y  t o  test  

t h e  r e s i s t a n c e  o f  t h e  f o u n d a t i o n  t o  t h e  e f f e c t s  o f  t a n g e n t i a l  h e a v i n g  f o r c e s .  

I n  o r d e r  t o  be  a b l e  t o  c a r r y  o u t  t h e  c a l c u l a t i o n s  which a r e  s p e c i f i e d  i n  s e c t i o n  

5.14-5.21 o f  c h a p t e r  11-B.6-66 o f  t h e  C o n s t r u c t i o n  S t a n d a r d s  and R e g u l a t i o n s ,  i t  

is n e c e s s a r y  t o  know t h e  s t a n d a r d  v a l u e  o f  the t a n g e n t i a l  h e a v i n g  f o r c e s  TH. 
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I t  is  recommended t h a t  t h e  v a l u e  o f  r H  be  e s t a b l i s h e d  on  t h e  b a s i s  o f  t e s t  

d a t a .  Only when such  d a t a  a r e  n o t  a v a i l a b l e ,  may t h i s  v a l u e  be s e t  a t  0.6-0.8 

kg/cm2 i n  t h e  c a s e  o f  a v e r a g e  p e r m a f r o s t  c o n d i t i o n s ,  o r  a t  1 kg/cm2 i n  t h e  

c a s e  o f  complex c o n d i t i o n s .  

4.277. Depending on t h e  t ime  and d u r a t i o n  o f  s u r v e y  and d e s i g n  work, t h e  

l o c a t i o n  o f  t h e  s t r u c t u r e  b e i n g  e r e c t e d ,  and o t h e r  f a c t o r s ,  t h e  magni tudes  o f  

t h e  t a n g e n t i a l  heav ing  f o r c e s  may be e s t a b l i s h e d  on t h e  b a s i s  o f  f i e l d  and 

l a b o r a t o r y  t e s t s .  F i e l d  t e s t i n g  is t h e  main method o f  o b t a i n i n g  d e s i g n  d a t a .  

Labora to ry  t e s t i n g  is c a r r i e d  o u t  i n  o r d e r  t o  r e f i n e  t h e  r H ,  o b t a i n e d  by f i e l d  

t e s t i n g ,  w i t h  r e g a r d  t o  t h e  e f f e c t  on rH o f  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l ,  

t h e  t e m p e r a t u r e ,  and o t h e r  f a c t o r s .  

THE DETERMINATION OF THE TOTAL TANGENTIAL 

HEAVING FORCE OF SOILS UNDER FIELD CONDITIONS 

4.278. The f o l l o w i n g  problems can be  a d d r e s s e d  by t h e  f i e l d  t e s t i n g  o f  

t a n g e n t i a l  h e a v i n g  f o r c e s :  

a )  e v a l u a t i o n  o f  t h e  h e a v i n g  f o r c e s  a t  a  p a r t i c u l a r  s i t e  which h a s  been 

s e l e c t e d  f o r  t h e  c o n s t r u c t i o n  o f  a s p e c i f i c  s t r u c t u r e ;  

b )  e v a l u a t i o n  o f  t h e  heav ing  f o r c e s  w i t h i n  t h e  c o n t e x t  o f  d e s i g n  d a t a  f o r  

a c o n s t r u c t i o n  a r e a  as a  whole. 

4.279. I n  t h e  former c a s e ,  h e a v i n g  f o r c e s  a r e  de te rmined  on  t e s t  

f o u n d a t i o n s  which a r e  similar t o  whose which w i l l  b e  l a i d  a t  t h e  p r o j e c t  s i t e .  

The d e s i r e d  v a l u e  T ,  ( i n  k g ) ,  is t h e  r e s u l t a n t  o f  a l l  o f  t h e  f o r c e s  a c t i n g  on 

t h e  t e s t  f o u n d a t i o n  as t h e  s o i l  f r e e z e s .  Using t h e  r e s u l t s  o f  t h e  d e t e r m i n a t i o n  

o f  T,  t h e  r e s i s t a n c e  o f  t h e  planned s t r u c t u r e  t o  t a n g e n t i a l  h e a v i n g  f o r c e s  is 

checked by means o f  t h e  formula:  

where n  
1 - is t h e  o v e r l o a d  f a c t o r  o f  t h e  c o n s t a n t  l o a d  which is a c t i n g  on t h e  

f o u n d a t i o n ,  and which is assumed t o  be  0.9; 

N; - is  t h e  s t a n d a r d  v a l u e  o f  t h e  c o n s t a n t  l o a d ,  i n c l u d i n g  t h e  we igh t  

o f  t h e  f o u n d a t i o n  and o f  t h e  s o i l  which l i e s  on i ts  p r o j e c t i o n s ,  

i n  kg.  



4.280. I n  t h e  second c a s e ,  t h e  f o r c e  o f  h e a v i n g  is d e t e r m i n e d  w i t h  t h e  a i d  

o f  models o f  columnar f o u n d a t i o n s  which are i n s t a l l e d  a t  t h e  s e a s o n a l  f r e e z i n g  

( t h a w i n g )  d e p t h .  I n  t h i s  i n s t a n c e ,  t h e  d e s i r e d  q u a n t i t y  is t h e  s t a n d a r d  v a l u e  
H 2 

of t h e  t a n g e n t i a l  h e a v i n g  f o r c e  , , i n  kg/cm , a s  de te rmined  u s i n g  t h e  

formula  

where T - is t h e  t o t a l  h e a v i n g  f o r c e ,  as d e t e r m i n i n g  by t e s t i n g  t h e  model o f  

t h e  f o u n d a t i o n ,  i n  kg ;  

u  - is t h e  p e r i m e t e r  o f  t h e  f o u n d a t i o n  model, i n  cm; 

z - is t h e  d e p t h  o f  s e a s o n a l  f r e e z i n g  ( t h a w i n g ) ,  i n  cm. 

H 
Using t h e  r e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  , , t h e  r e s i s t a n c e  o f  

f o u n d a t i o n s  t o  t h e  e f f e c t s  o f  t a n g e n t i a l  h e a v i n g  f o r c e s  is de te rmined  i n  

accordance  w i t h  s e c t i o n  5.15 o f  c h a p t e r  11-8.6-66 ( 1 4 )  o f  t h e  C o n s t r u c t i o n  

S t a n d a r d s  and R e g u l a t i o n s .  

n o t  less t h a n  3  m 

F i g u r e  35. Schemat ic  d iagram o f  a  test i n s t a l l a t i o n  f o r  d e t e r m i n i n g  

t a n g e n t i a l  h e a v i n g  f o r c e s  under  f i e l d  c o n d i t i o n s  

1- anchor  p o s t ;  2- b r a c e  (I-beam);  3- dynamometer ( p r o v i n g  r i n g ) ;  4- test  

f o u n d a t i o n ;  5- c a s i n g  p i p e ;  6- p e r m a f r o s t  boundary;  7- r e s i s t a n c e  thermometer 



4.281. The d e t e r m i n a t i o n  o f  t a n g e n t i a l  h e a v i n g  f o r c e s  i n  t h e  f i e l d  is 

accomplished w i t h  t h e  a i d  o f  a n  i n s t a l l a t i o n  i n  which t h e  t o t a l  h e a v i n g  f o r c e  

which a c t s  on a  test  f o u n d a t i o n ,  o r  a model o f  i t ,  is t r a n s m i t t e d  th rough  a  

force-measur ing d e v i c e  t o  an  anchor  which is s e c u r e d  i n  t h e  ground ( F i g u r e  35) .  

I n s t e a d  o f  a n  a n c h o r ,  i t  is p o s s i b l e  t o  u s e  a  weighted p l a t f o r m ,  i n t o  which t h e  

test  f o u n d a t i o n  p r e s s e s  by way o f  a dynamometer. I n  such  a  c a s e ,  t h e  w e i g h t s  

must be  1.5-2 times h e a v i e r  t h a n  t h e  e x p e c t e d  t o t a l  h e a v i n g  f o r c e .  

4.282. When s e l e c t i n g  t h e  t y p e  o f  t e s t i n g  i n s t a l l a t i o n  p r e f e r e n c e  s h o u l d  b e  

g i v e n  t o  t h o s e  w i t h  s i n g l e  f o u n d a t i o n s  and s e p a r a t e  a n c h o r s  f o r  each f o u n d a t i o n .  

THE SELECTION OF A TEST SITE 

AND TESTING REQUIREMENTS 

4.283. The d e t e r m i n a t i o n  o f  heav ing  f o r c e s  is c a r r i e d  o u t  a t  t e s t  sites 

which are l o c a t e d  i n  t h e  a r e a  o f  t h e  f u t u r e  c o n s t r u c t i o n .  

The tes t  s i t es  shou ld  b e  a t  l e a s t  20x20 m i n  s i z e ;  t h e  b o u n d a r i e s  o f  t h e  

s i t e  s h o u l d  b e  a t  a d i s t a n c e  o f  n o t  less t h a n  10 m from s t r u c t u r e s  and 

founda t  i o n s .  

4.284. A t e s t  s i t e  is equipped w i t h  t h r e e  i n s t a l l a t i o n s  o f  t h e  same t y p e .  

4.285. The main e lements  o f  a f i e l d  i n s t a l l a t i o n  are ( F i g u r e  3 6 ) :  t h e  t e s t  

f o u n d a t i o n ,  t h e  anchor  s u p p o r t  (one o r  s e v e r a l ) ,  t h e  b r a c e ,  and t h e  

fo rce -measur ing  d e v i c e .  

An i n s t a l l a t i o n  is u s u a l l y  equipped w i t h  d e v i c e s  and i n s t r u m e n t s  f o r  

measur ing t h e  movement o f  s o i l  n e a r  t h e  f o u n d a t i o n ,  t h e  t e m p e r a t u r e ,  and t h e  

d e p t h  o f  f r e e z i n g .  

4.286. When p l a n n i n g  t h e  d e s i g n  e l e m e n t s  o f  a n  i n s t a l l a t i o n  t h e  f o l l o w i n g  

r e q u i r e m e n t s  must be  t aken  i n t o  c o n s i d e r a t i o n :  

a )  a l l  o f  t h e  e lements  o f  t h e  i n s t a l l a t i o n  must be  des igned  t o  w i t h s t a n d  

t h e  expec ted  heav ing  f o r c e s ,  w i t h  a s a f e t y  margin ( f a c t o r  o f  s a f e t y )  of  

1.5-2 t i m e s ;  

b )  t h e  f o r c e s  which h o l d  t h e  anchor  s u p p o r t s  i n  t h e  ground s h o u l d  be  

assumed t o  b e  t h e  a d f r e e z i n g  f o r c e s  ( i n  t h e  c a s e  o f  f lowing  

p e r m a f r o s t ) ,  a s  de te rmined  i n  accordance  w i t h  c h a p t e r  11-~.6-66 

( s e c t i o n  5 .7 ,  T a b l e  5 )  o f  t h e  C o n s t r u c t i o n  S t a n d a r d s  and R e g u l a t i o n s ,  

o r  t h e  f r i c t i o n  f o r c e s ,  as p e r  s e c t i o n  5.17 o f  t h e  S t a n d a r d s  and 

R e g u l a t i o n s ;  



F i g u r e  36. Schematic diagram o f  anchor  s u p p o r t s  

I- frame s u p p o r t s ;  11- s i n g l e  deap-seated s u p p o r t ;  

111- s u p p o r t  i n  t h e  form of a n  anchor  s l a b ;  a- f o r  a s i n g l e  f o u n d a t i o n ;  b- 

f o r  s e v e r a l  f o u n d a t i o n s  

c )  i f  t h e  anchor  s u p p o r t  o f  t h e  i n s t a l l a t i o n  is  made w i t h  a n  e n l a r g e d  

bottom s e c t i o n  (a s h o e ,  s l a b ,  e t c . )  it shou ld  be  s o  des igned  as t o  

p reven t  t h e  p o s s i b i l i t y  o f  b e i n g  p u l l e d  o u t .  The s p e c i f i c a t i o n s  which 

a r e  t o  be fol lowed a r e  t h o s e  i n  s e c t i o n  6.16 o f  c h a p t e r  11-1.9-62 o f  

t h e  C o n s t r u c t i o n  S t a n d a r d s  and R e g u l a t i o n s  ( E l e c t r i c  t r a n s m i s s i o n  l i n e s  

c a r r y i n g  v o l t a g e s  g r e a t e r  t h a n  1 kV. Design s t a n d a r d s ) ,  wi th  a n  

o p e r a t i o n a l  c o n d i t i o n s  f a c t o r  o f  1; 

d )  t h e  t e s t  founda t ion  s h o u l d  be  made i n  t h e  form o f  a  s i n g l e  s u p p o r t ,  

whose l a t e r a l  s u r f a c e  must have t h e  same roughness  as t h a t  o f  t h e  

founda t ions  i n  t h e  proposed s t r u c t u r e ;  

e )  t h e  b r a c i n g  e lements  o f  t h e  t e s t  i n s t a l l a t i o n  must be  des igned  i n  such 

a  way t h a t  t h e i r  d e f o r m a t i o n s ,  and consequen t ly  t h e  maximum d i s l o c a t i o n  

o f  t h e  t e s t  f o u n d a t i o n ,  w i l l  be  minimal and w i l l  n o t  exceed 5-6 mm; 

f )  t h e  heav ing  f o r c e s  shou ld  be  measured wi th  t h e  a i d  o f  s t a n d a r d  s p r i n g  

dynamometers, dynamometric p rov ing  r i n g s ,  and o t h e r  load  measur ing 

d e v i c e s .  

The r i g i d i t y  ( s t i f f n e s s )  o f  t h e  dynamometers p rov ing  r i n g s  must be  as high  

as p o s s i b l e ,  and t h e i r  upper  l i m i t  o f  s e n s i t i v i t y  l o a d  r a n g e  must be  determined 

i n  accordance  wi th  t h e  expec ted  s t r e n g t h  o f  t h e  heav ing  f o r c e s ,  wi th  a margin o f  

1.5-2 t imes .  



ERECTION OF THE INSTALLATIONS 

4.287. The s i n k i n g  o f  a n c h o r  s u p p o r t s  i n t o  p e r m a f r o s t  is  accompl i shed  u s i n g  

l e a d  h o l e s  which a r e  made by v i b r o - p e r c u s s i v e  o r  o t h e r  d r i l l i n g  means. D i e s e l  

p i l e  d r i v e r s  o r  v i b r a t o r y  p i l e  d r i v e r s  are used  d i r e c t l y  t o  d r i v e  a n c h o r  

s u p p o r t s  i n t o  p l a s t i c  f r o z e n  and h i g h - t e m p e r a t u r e  s o i l s .  

Lead h o l e s  are made w i t h  a  d i a m e t e r  which is  s l i g h t l y  l a r g e r  t h a n  t h a t  o f  

t h e  a n c h o r  p o s t .  A f t e r  t h e  s u p p o r t  is  pu t  i n t o  p o s i t i o n ,  t h e  empty s p a c e  i n  t h e  

h o l e  is  f i l l e d  w i t h  a s o i l  s l u r r y  (mud). 

4.288. When a d d i t i o n a l  c o o l i n g  o f  t h e  p e r m a f r o s t  is  r e q u i r e d  a f t e r  t h e  

i n s t a l l a t i o n  o f  t h e  a n c h o r s ,  t h e  lower  p o r t i o n  o f  t h e  h o l e  is f i l l e d  w i t h  a n  

ice-salt  e u t e c t i c  m i x t u r e ,  o r  t h e  h o l l o w  m i d d l e  o f  t h e  anchor  is v e n t i l a t e d  w i t h  

c o l d  o u t d o o r  a i r .  

4.289. The i n s t a l l a t i o n  o f  a n c h o r  s u p p o r t s  i n  l e a d  h o l e s  is comple ted  2-3 

months b e f o r e  t h e  s t a r t  o f  t h e  a n n u a l  f r e e z e - u p  o f  t h e  s o i l .  

4.290. Anchor s u p p o r t s  w i t h  e n l a r g e d  bo t tom s e c t i o n s  i n  t h e  form o f  s h o e s  

o r  s l a b s  are i n s t a l l e d  i n  p i t s  o r  t r e n c h e s .  

Such s u p p o r t s  a r e  used  a t  s i t es  where t h e r e  i s  n o  p e r m a f r o s t  i n  t h e  

f o u n d a t i o n  o r  where t h e i r  i s  a d e e p  a c t i v e  l a y e r  (8-10 m). 

4.291. The test f o u n d a t i o n s  a r e  i n s t a l l e d  i n  t h e  same manner which would b e  

used  f o r  t h e  f u t u r e  c o n s t r u c t i o n .  

TEST PROCEDURE 

4.292. The f o l l o w i n g  items a r e  mon i to red  d u r i n g  t h e  t e s t i n g  o f  t h e  

t a n g e n t i a l  h e a v i n g  f o r c e s  o f  s o i l s :  

a )  t h e  e x t e n t  o f  h e a v i n g  o f  t h e  s o i l  n e a r  t h e  f o u n d a t i o n ;  

b )  t h e  d e p t h  o f  f r e e z i n g  and t h e  t e m p e r a t u r e ;  

c )  t h e  t e m p e r a t u r e  o f  t h e  a i r ;  

d )  t h e  l e v e l  o f  t h e  ground w a t e r  ( i n  t h e  p r e s e n c e  o f  non-f lowing 

p e r m a f r o s t ,  o r  i n  t h e  c a s e  o f  s e a s o n a l l y  f r o z e n  s o i l ) ;  

e )  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l .  

f )  r e g u l a r  c h e c k s  are c a r r i e d  o u t  on  t h e  movement o f  t h e  a n c h o r  s u p p o r t s  

and o f  t h e  tes t  f o u n d a t i o n .  

The d a t a  from t h e  o b s e r v a t i o n s  a r e  r e c o r d e d  i n  a l o g  book ( T a b l e s  46 and 4 7 ) .  



4 . 2 9 3 .  T h e  o b s e r v a t i o n  o f  t h e  h e a v i n g  f o r c e s  i s  b e g u n  w i t h  t h e  o n s e t  o f  

f r e e z i n g  t e m p e r a t u r e s  a n d  is  c o n t i n u e d  a t  t h e  r a t e  of' o n e  set  o f  r e a d i n g s  e v e r y  

2 t o  3 d a y s .  

4 .294.  T h e  h e a v i n g  o f  t h e  s o i l  is e s t a b l i s h e d  b y  n o t i n g  t h e  movement o f  

s p e c i a l  m a r k e r s ,  w h i c h  a r e  f i x e d  t o  t h e  s u r f a c e  o f  t h e  s o i l .  T h e s e  m a r k e r s  a r e  

i n  t h e  form o f  wooden  or m e t a l  d i s k s ,  80 -100  mm i n  d i a m e t e r  a n d  1 0  mm t h i c k ,  a n d  

w i t h  a s h a r p  30-40 mm-long p o s t  a t  t h e  c e n t e r  of t h e  d i s k .  T h e  m a r k e r s  are p u t  

i n t o  p l a c e  b y  p u s h i n g  t h e m  as far as t h e y  w i l l  go i n t o  t h e  s o i l .  T h e i r  

displacement I s  d e t e r m i n e d  w i t h  t h e  a i d  o f  a l e v e l  o r  a m e a s u r i n g  r o d  w h i c h  i s  

a t t a c h e d  t o  t h e  a n c h o r  s u p p o r t .  

T h e  m a r k e r s  are  p o s - l t i o n e d  a t  d i s t a n c e s  o f  2 ,  2 5 ,  5 0  a n d  1 0 0  cm from t h e  

s i d e  of t h e  f o u n d a t i o n .  T h e  movement  of  t h e  m a r k e r s  is c h e c k e d  2 -3  times p e r  

m o n t h .  

T a b l e  4 6  

a- W(ypndn trllncn l~orasannih reMncparypM solnyxa. r p y t ~ t . ~  110 ~.nyBnt{r 
n LIC@OPMIIUI(II IlepCMCUCHHU ero I I O R ~ ~ X H W T ~  y onutnoro @ y n a a ~ c n r a  

a- L o g  o f  t h e  r e a d i n g s  o f  t h e  t e m p e r a t u r e  o f  t h e  a i r ,  of  t h e  s o i l  a t  v a r i o u s  

d e p t h s ,  a n d  of  t h e  r e l a t i v e  d e f o r m a t i o n  of t h e  s o i l  s u r f a c e  n e a r  t h e  tes t  

f o u n d a t i o n ;  b- Si.te No.; c- I n s t a l l a t i o n  No.; d- D a t e  a n d  time of o b s e r v a t i o n s ;  

e- Air t e m p e r a t u r e ;  f -  T e m p e r a t u r e  o f  t h e  s o i l  a t  d i f f e r e n t  d e p t h s ,  m; g- 

Movement of t h e  9011, i n  m m ,  a t  v a r i o u s  d i s t a n c e s  f r o m  t h e  f o u n d a t i o n ,  i n  c m  



T a b l e  47 

(Qopwa) 

a- Xypnan 3anncn enalwnocrw o6pa3w r p y n l a  

a- Log o f  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  sample;  b- S i t e  No. ; c- I n s t a l l a t i o n  

No.; d- Date  o f  d e t e r m i n a t i o n  o f  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l ;  e- Depth a t  

which t h e  sample  was t aken  h ,  i n  m;  f -  S o i l  t y p e ;  g- M o i s t u r e  c o n t e n t  o f  

unf rozen  s o i l  p r i o r  t o  f r e e z i n g  W ,  $; h- Mois tu re  c o n t e n t  o f  t h e  samples  a f t e r  

C - Y c r a ~ o n ~ a  N? 
- 

t h e  f r e e z i n g  o f  t h e  s o i l  W,, $ 
" 

4.295. The dep th  t o  which t h e  s o i l  h a s  f r o z e n  is de te rmined  w i t h  t h e  a i d  o f  

a D a n i l i n  f r o s t - d e p t h  meter, which c o n s i s t s  o f  a  r u b b e r  t u b e  f i l l e d  w i t h  

d i s t i l l e d  water. The l e v e l  o f  t h e  ice which forms i n  t h e  t u b e  d e t e r m i n e s  t h e  

f r e e z i n g  dep th  o f  t h e  s o i l .  The f r e e z i n g  d e p t h  can  a l s o  be de te rmined  by 

d r i l l i n g .  

4.296. The t e m p e r a t u r e  o f  t h e  s o i l  i n  t h e  v i c i n i t y  o f  t h e  test  f o u n d a t i o n  

is measured w i t h  t h e  a i d  o f  mercury the rmomete r s ,  the rmocouples ,  o r  e lec t r i c  

r e s i s t a n c e  thermometers  which are lowered i n t o  b o r e  h o l e s .  

The t e m p e r a t u r e  o f  t h e  s o i l  is measured a t  d e p t h s  o f  2 0 ,  50,  100 ,  150 cm, 

and t h e n  e v e r y  1 rn u n t i l  t h e  bot tom o f  t h e  f o u n d a t i o n  i s  reached .  

4.297. The m o i s t u r e  c o n t e n t  o f  t h e  s o i l ,  and its d i s t r i b u t i o n  w i t h  d e p t h ,  

is de te rmined  from samples  which are t a k e n  e v e r y  0 .5  meters from a  h o l e ,  b e f o r e  

and a f t e r  t h e  f r e e z i n g  o f  t h e  s o i l .  

A l l  o f  t h e  o b s e r v a t i o n  d a t a  a r e  r e c o r d e d  i n  a l o g  t a b l e  ( T a b l e  4 6 ) .  
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THE DETERMINATION OF THE SPECIFIC TANGENTIAL 

H E A V I N G  FORCE OF SOILS UNDER LABORATORY CONDITIONS 

4.298. The mechanical  i n t e r a c t i o n  o f  a founda t ion  wi th  f r o s t  h e a v i n g  s o i l  

under l a b o r a t o r y  c o n d i t i o n s  is modelled a s  a  c o n t a c t  problem. T h i s  method of  

d e t e r m i n i n g  t h e  s p e c i f i c  t a n g e n t i a l  f o r c e  o f  heav ing  T~ is based on t h e  

e q u i v a l e n c e  o f  t h e  t a n g e n t i a l  f o r c e  o f  heav ing  and t h e  llsteadyl'  s h e a r  r e s i s t a n c e  

of t h e  model o f  f r o z e n  s o i l  r e l a t i v e  t o  t h e  f o u n d a t i o n .  

4.299. The magnitude o f  t h e  s t e a d y  s h e a r  r e s i s t a n c e  is  determined i n  t h e  

l a b o r a t o r y  by t e s t i n g  incompress ion a  model o f  t h e  founda t ion ,  which h a s  been 

freeze-bonded t o  s o i l  a l o n g  i ts  l a t e r a l  s u r f a c e ,  a t  a c o n s t a n t  rate o f  movement 

which is c l o s e  t o  t h e  rate o f  t h e  f r o s t  h e a v i n g  o f  s o i l ,  a s  modelled under 

n a t u r a l  c o n d i t i o n s .  

4.300. During t h e  s h e a r  r e s i s t a n c e  t e s t i n g ,  t h e  s h e a r i n g  f o r c e ,  a s  t h e  

founda t ion  model moves r e l a t i v e  t o  t h e  f r o z e n  s o i l ,  f irs t  i n c r e a s e s  and t h e n  

a t t e n u a t e s  and ,  a s  i t  s t a b i l i z e s ,  a t t a i n s  a s t e a d y  s h e a r  r e s i s t a n c e  v a l u e .  

I n  t h e  t e s t ,  s t e a d y  r e s i s t a n c e  i s  c o n s i d e r e d  t o  have  been ach ieved  when t h e  

movement o f  t h e  founda t ion  model r e l a t i v e  t o  t h e  f r o z e n  s o i l  r e a c h e s  10 mm. 

4.301. The s p e c i f i c  v a l u e  o f  t h e  s t e a d y  s h e a r  r e s i s t a n c e  ( r y  , i n  
2 

kg/cm ) i s  determined as t h e  r a t i o  o f  t h e  r a t e d  magnitude o f  t h e  s t e a d y  s h e a r  

r e s i s t a n c e  (P ,  i n  kg)  which a c t s  on t h e  model o f  t h e  founda t ion  under t h e  

c o n d i t i o n s  s p e c i f i e d  i n  s e c t i o n  4.299, t o  t h e  l a t e r a l  s u r f a c e  a r e a  ( F ,  i n  
2  

cm ) ,  which is freeze-bonded wi th  t h e  s o i l :  

4.302. The t empera tu re  and m o i s t u r e  c o n t e n t  ( i c e  c o n t e n t )  o f  a  sample o f  

s o i l  (which h a s  t h e  s p e c i f i e d  p a r t i c l e  s i z e  c o m p o s i t i o n ) ,  and its rate o f  

movement a l o n g  t h e  model o f  t h e  f o u n d a t i o n ,  which a r e  t h e  d e t e r m i n i n g  t e s t  

c o n d i t i o n s ,  a r e  s e t  i n  accordance w i t h  t h e  n a t u r a l  c o n d i t i o n s  which are found a t  

t h e  t e s t  s i te.  

APPARATUS 

4.303. I n  o r d e r  t o  test t h e  s t e a d y  shear r e s i s t a n c e  o f  f r o z e n  s o i l  r e l a t i v e  

t o  a model o f  a f o u n d a t i o n ,  i t  is recommended t h a t  u s e  be made o f  a  mechanized 

l o a d i n g  p r e s s  (des igned  by t h e  C e n t r a l  S c i e n t i f i c  Research I n s t i t u t e  o f  

T r a n s p o r t  C o n s t r u c t i o n  o f  t h e  M i n i s t r y  o f  T r a n s p o r t a t i o n  C o n s t r u c t i o n ,  USSR). 



4.304.  The mechanized l o a d i n g  p r e s s  ( F i g u r e  3 7 )  c o n s i s t s  o f  two p o s t s ,  a 

b r a c e  beam ( c r o s s - h e a d ) ,  a l o a d / d e f o r m a t i o n  measur ing  d e v i c e  - dynamometer 

p r o v i n g  r i n g ,  an  e l e c t r i c  moto r ,  a r e d u c t i o n  g e a r b o x ,  and  a l o a d i n g  p l a t f o r m  

which can  move v e r t i c a l l y  a t  t h e  d e s i r e d  s p e e d .  

The p r e s s  is p r e s e t  t o  move t h e  l o a d i n g  p l a t f o r m  a t  f i v e  rates o f  s p e e d  - 
0 . 2 ,  1, 5 ,  1 0 ,  and 20 mm p e r  day.  The s p e e d  is changed by r e p l a c i n g  p a i r s  o f  

g e a r s .  The maximum t r a v e l l i n g  s p e e d  o f  t h e  l o a d i n g  p l a t f o r m  is 60 mm. Dur ing  

t e s t i n g ,  t h e  p l a t f o r m  is powered by t h e  e lec t r ic  moto r ,  b u t  p r o v i s i o n  h a s  been 

made f o r  manua l ly  r a i s i n g  and l o w e r i n g  t h e  p l a t f o r m  i n  o r d e r  t o  p r e p a r e  t h e  

p r e s s  f o r  o p e r a t i o n .  The b r a c e  o r  c ross -head  is  moved and f i x e d  i n  p o s i t i o n  

manua l ly  w i t h  t h e  a i d  o f  a d j u s t i n g  n u t s  a t  t h e  r e q u i r e d  l e v e l ,  depend ing  on t h e  

h e i g h t  o f  t h e  f o u n d a t i o n  model b e i n g  t e s t e d .  

F i g u r e  37. Schemat i c  d i ag ram o f  a  l o a d i n g  p r e s s  f o r  d e t e r m i n i n g  t h e  
r e s i s t a n c e  t o  s h e a r  o f  f r o z e n  s o i l  a l o n g  a model o f  a f o u n d a t i o n  
( d e s i g n e d  by t h e  C e n t r a l  S c i e n t i f i c  Resea rch  I n s t i t u t e  o f  
T r a n s p o r t a t i o n  C o n s t r u c t i o n  o f  t h e  M i n i s t r y  o f  T r a n s p o r t a t i o n  
C o n s t r u c t i o n ,  USSR) 

1- p o s t ;  2- b r a c e  beam ( c r o s s - h e a d ) ;  3- dynamometer ( p r o v i n g  r i n g ) ;  4- 
e l e c t r i c  motor ;  5- r e d u c t i o n  gea rbox ;  6- l o a d i n g  p l a t f o r m ;  7- a d j u s t i n g  n u t ;  
8- r e c e s s  f o r  a t t a c h i n g  t h e  dynamometer; 9- a u t o m a t i c  r e c o r d e r ;  10- r e t a i n e r  
p l a t e ;  11- r i n g  form, c o n t a i n i n g  t h e  so i l  sample  and t h e  model o f  t h e  
f o u n d a t i o n ;  12- d i a l  g a g e ;  13- c lamp f o r  a t t a c h i n g  t h e  g a g e ;  14- c a p  f o r  t h e  
model o f  t h e  f o u n d a t i o n  



4.305. The measur ing  d e v i c e s  u s e d  a r e  s t a n d a r d  DOSM t y p e  dynamometers 

p r o v i n g  r i n g s ,  which are d e s i g n e d  f o r  l o a d s  o f  0 .5 ,  1, 3 ,  o r  5 t o n s ,  and which 

a r e  a c c u r a t e  t o  0.5%. The dynamometer is a t t a c h e d  t o  t h e  b r a c e  beam by way o f  a 

s p e c i a l  r e c e s s .  The dynamometer r e a d i n g s  are t r a n s m i t t e d ,  by way o f  a  s y s t e m  o f  

l e v e r s ,  t o  t h e  a u t o m a t i c  r e c o r d e r ,  where t h e  p r e s s u r e  is r e c o r d e d  on a t a p e ,  

w i t h  a 100- fo ld  m a g n i f i c a t i o n  o f  t h e  d e f o r m a t i o n s  o f  t h e  dynamometer. 

The magni tude  o f  t h e  d i s l o c a t i o n  o f  t h e  f r o z e n  s o i l  r e l a t i v e  t o  t h e  model o f  

t h e  f o u n d a t i o n  is measured w i t h  t h e  a i d  o f  d i a l  g a g e s ,  which h a v e  scale 

d i v i s i o n s  o f  0 .01  mm. 

F i g u r e  38. Mould f o r  f r e e z i n g  s o i l  s amples  w i t h  models  o f  f o u n d a t i o n s  

1- r i n g ;  2- bot tom p l a t e ;  3- models  o f  f o u n d a t i o n s ;  4- t he rmocoup le  

4.306. The s o i l  s ample  b e i n g  t e s t e d  and t h e  model o f  t h e  f o u n d a t i o n  are 

p o s i t i o n e d  i n  a mould ( F i g u r e  3 8 ) ,  which is composed o f  t h e  f o l l o w i n g  e l e m e n t s :  

an  o u t e r  r i n g ,  a p p r o x i m a t e l y  105  mm i n  d i a m e t e r  and 8 0  mm h i g h ;  a bo t tom p l a t e  

w i t h  a n  o p e n i n g  f o r  t h e  model and an  i n s e r t ,  which is u s e d  d u r i n g  t h e  f r e e z i n g  

o f  t h e  s o i l ;  a model f o u n d a t i o n ,  which is made o u t  o f  wook, c o n c r e t e ,  and o t h e r  

materials, and is 40 mm i n  diameter and 120 mm h i g h .  

4.307. The a i r  t e m p e r a t u r e  i n  t h e  c o o l i n g  chamber is  r e g u l a t e d  on  t h e  b a s i s  

of  mercury  thermometer  and thermograph r e a d i n g s .  The t e m p e r a t u r e  o f  t h e  sample  

is measured by means o f  a, t he rmocoup le ,  which i s  i n s t a l l e d  a t  t h e  c o n t a c t  

between t h e  s o i l  and t h e  s u r f a c e  o f  t h e  model o f  t h e  f o u n d a t i o n .  



PREPARATION OF SAMPLES 

4.308. Before  t h e  s o i l  is  put  i n ,  t h e  mould i s  assembled;  t h e  r i n g  is  

placed  o n t o  t h e  bottom p l a t e ;  t h e  i n s e r t  is put  i n t o  t h e  bottom p l a t e  opening 

from t h e  o u t s i d e  ( t h e  t o p  o f  t h i s  i n s e r t ,  t o g e t h e r  w i t h  t h e  s u r f a c e  o f  t h e  

bottom p l a t e ,  forms a  d e p r e s s i o n  (2-3 m m )  which h e l p s  t o  c e n t e r  t h e  model and t o  

keep it i n  p o s i t i o n  i n  t h e  form).  An o i l - impregna ted  r i n g  o f  paper  o r  a  r u b b e r  

f i l m  is  p u t  i n t o  p l a c e  on t h e  i n n e r  s u r f a c e  o f  t h e  bottom p l a t e  t o  p r e v e n t  

a d f r e e z i n g .  The model founda t ion  is  t h e n  put  i n t o  p l a c e  i n  t h e  r e c e s s  o f  t h e  

bottom p l a t e .  The s u r f a c e  o f  t h e  model is f i r s t  w e t t e d  ( t h e  model i s  k e p t  under  

wa te r  f o r  one day) .  

When p l a c i n g  very  mois t  s o i l  i n t o  t h e  mould i t  is  recommended t h a t  gaps  

between t h e  r i n g ,  t h e  bottom p l a t e ,  and t h e  i n s e r t  t o  b e  f i l l e d  w i t h  pet roleum 

j e l l y .  

4.309. The mould is f i l l e d  wi th  remoulded s o i l ,  and which h a s  t h e  r e q u i r e d  

m o i s t u r e  c o n t e n t  W1 ( e q u a l  t o  t h e  n a t u r a l  m o s i t u r e  c o n t e n t ) .  I f  t h e  m o i s t u r e  

c o n t e n t  o f  t h e  s o i l  sample is  lower  t h a n  t h e  r e q u i r e d  m o i s t u r e  c o n t e n t ,  t h e  

r e q u i r e d  q u a n t i t y  o f  wa te r  (gB)  is added b e f o r e  t h e  s o i l  is placed i n t o  t h e  

mould. T h l s  q u a n t i t y  is c a l c u l a t e d  u s i n g  t h e  formula  

where g - 
1 

is t h e  weight  o f  t h e  s o i l  sample ,  i n  g ,  i n c l u d i n g  t h e  n a t u r a l  

m o i s t u r e  c o n t e n t  W1, %; 

W2 - is  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l ,  a t  which t h e  t e s t  is t o  b e  

c a r r i e d  o u t ,  i n  %. 

A f t e r  t h e  r e q u i r e d  q u a n t i t y  o f  wa te r  is  added ,  t h e  s o i l  is  c a r e f u l l y  mixed 

u n t i l  a  uniform mix ture  is  o b t a i n e d .  Because o f  t h e  l o s s  o f  m o i s t u r e  as t h e  

r e s u l t  o f  e v a p o r a t i o n  d u r i n g  mixing and placement o f  t h e  s o i l  i n t o  t h e  

a p p a r a t u s ,  it is recommended t h a t  t h e  W v a l u e  which is used be  2-3% h i g h e r  
2  

than  t h e  s p e c i f i e d  v a l u e .  

4.310. Before  t h e  s o i l  is placed  i n t o  t h e  form, 2-3 c o n t r o l  samples  are 

+aken t o  check t h e  m o i s t u r e  c o n t e n t .  Data abou t  t h e  m o i s t u r e  c o n t e n t  o f  t h e  

s o i l  a r e  recorded  i n  a  l o g  (Tab le  48) .  



The s o i l  is  p u t  i n t o  t h e  form i n  l a y e r s  (1-2 cm t h i c k ) ,  w i t h  t h e  sample  

b e i n g  compacted t o  t h e  d e s i r e d  degree .  The sample o f  s o i l  i n  t h e  form s h o u l d  b e  

6-7 cm deep.  I n  o r d e r  t o  reduce t h e  e v a p o r a t i o n  o f  m o i s t u r e ,  the s u r f a c e  o f  t h e  

s o i l  is covered wi th  a  l a y e r  of o i l e d  paper o r  w i t h  a  rubber  f i l m .  

4.311. The s o i l  which h a s  been p laced  i n t o  t h e  mould is f rozen  i n  a  c o o l i n g  

chamber, w i t h  f r e e z i n g  proceeding u n i a x i a l l y  ( f rom t h e  t o p ) .  

T a b l e  48 

a- X y p n r n  sanncn mnalrmctn dprsqom rpynra 

b- nnoura~wa 

c- B t d p a b o ~ ~ a  .v? 
d- A a ~ a  npososwll 

a- Log o f  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  samples ;  b- S i t e ;  c-  T e s t  p i t  No.; d- 

Date excava ted ;  e- Date on which t h e  m o i s t u r e  c o n t e n t  was determined a s  t h e  s o i l  

was b e i n g  placed i n t o  t h e  form; f -  Sample No.; g- Depth a t  which t h e  sample was 

t aken  h ,  i n  mete r s ;  h- S o i l  t y p e ;  i- N a t u r a l  m o i s t u r e  c o n t e n t  o f  unfrozen s o i l  

W17 
9 ;  j- Rated m o i s t u r e  c o n t e n t  W2, 8 ;  k- C o n t r o l  samples of unf rozen  s o i l  

b e f o r e  i t  is  put  i n t o  t h e  form; 1- t o p ;  m- middle ;  n- bottom; o- a v e r a g e  v a l u e ;  

p- Mois tu re  c o n t e n t  o f  t h e  s o i l  W a t  t h e  c o n t a c t  w i t h  t h e  model o f  t h e  
t 

f o u n d a t i o n  



I n  o r d e r  t o  accompl i sh  t h i s ,  t h e  mould i s  p l a c e d  i n t o  a box c o n t a i n i n g  

t h e r m a l  i n s u l a t i o n ,  which is used  t o  c a r e f u l l y  i n s u l a t e  t h e  walls and t h e  bo t tom 

o f  t h e  a p p a r a t u s .  The f r e e z i n g  o f  t h e  s o i l  t a k e s  2-4 d a y s ,  depend ing  on t h e  

t e m p e r a t u r e  i n  t h e  c o o l i n g  chamber. 

PREPARATION OF THE LOADING PRESS FOR CARRYING OUT THE TESTS 

4.312. The p r e p a r a t i o n  o f  t h e  l o a d i n g  p r e s s  f o r  c a r r y i n g  o u t  t h e  t e s t s  

i n v o l v e s  c h e c k i n g  t h e  v a r i o u s  a s s e m b l i e s  o f  t h e  p r e s s  and i ts  c a l i b r a t i o n ,  which 

means e s s e n t i a l l y  t h e  d e t e r m i n a t i o n  o f  t h e  r e l a t i o n s h i p  between t h e  s i z e  o f  t h e  

l o a d  which is a p p l i e d  t o  t h e  dynamometer p r o v i n g  r i n g  and t h e  movement o f  t h e  

pen o f  t h e  a u t o m a t i c  r e c o r d e r  (which  h a s  a clockwork mechanism s u f f i c i e n t  t o  

power i t  f o r  one  week).  

4.313. P r i o r  t o  c a l i b r a t i n g  t h e  l o a d i n g  p r e s s  t h e  f o l l o w i n g  p r e p a r a t o r y  

o p e r a t i o n s  must b e  c a r r i e d  o u t :  

a )  i n s t a l l  a  steel  a d a p t e r  on t h e  work ing  p l a t f o r m .  The a d a p t e r  h a s  a 

d e p r e s s i o n  for a b a l l  which f i t s  between t h e  dynamometer and t h e  

a d a p t e r ;  

b )  b r i n g  t h e  a d a p t e r  and b a l l  c l o s e  t o  t h e  lower  l o a d i n g  p l a t f o r m  o f  t h e  

dynamometer. The l o a d i n g  p l a t f o r m  is moved manua l ly  u n t i l  t h e  b a l l  

t o u c h e s  t h e  dynamometer; 

c )  wind up  t h e  c lockwork mechanism o f  t h e  a u t o m a t i c  r e c o r d e r  and p l a c e  t h e  

pen o f  t h e  r e c o r d e r  a t  i ts  s 5 a r t i n g  p o s i t i o n  3-5 mm from t h e  bo t tom o f  

t h e  drum; 

d )  t u r n  on t h e  e l e c t r i c  motor .  

When t h e  e l e c t r i c  motor is s w i t c h e d  o n ,  t h e  l o a d i n g  p l a t f o r m  b e g i n s  t o  move 

upwards a n d ,  by way o f  t h e  a d a p t e r  and t h e  b a l l ,  e x e r t s  p r e s s u r e  on t h e  

dynamometer p r o v i n g  r i n g ,  which rests a g a i n s t  t h e  immovable b r a c e  beam 

c ross -head .  

4.314. The main d i f f i c u l t y  w i t h  r e s p e c t  t o  c a l i b r a t i o n  c o n s i s t s  i n  e n s u r i n g  

t h e  s i m u l t a n e o u s  r e c o r d i n g  o f  t h e  dynamometer and o f  t h e  a u t o m a t i c  r e c o r d e r  

r e a d i n g s .  

When t h e  maximum l o a d  had  been a t t a i n e d  ( f o r  t h e  g i v e n  t y p e  o f  dynamometer) ,  

t h e  e l e c t r i c  motor is s w i t c h e d  o f f .  A f t e r  t h e  elec t r ic  motor is  r e s e t ,  t h e  

p l a t f o r m  is lowered and t h e  l o a d  on t h e  dynamometer is  d e c r e a s e d .  S i m u l t a n e o u s  

r e a d i n g s  o f  t h e  dynamometer and o f  t h e  a u t o m a t i c  r e c o r d e r  are a l s o  t a k e n  d u r i n g  

t h e  r e v e r s e  movement. 



4.315. Each dynamometer p r o v i n g  r i n g  is c a l i b r a t e d  a t  l eas t  3-4 times a t  

t h e  s p e c i f i e d  t e s t i n g  t e m p e r a t u r e .  The r e s u l t s  o f  c a l i b r a t i o n  a r e  p l o t t e d  on a 

graph .  I n  t h e  e v e n t  t h a t  t h e  scat ter  o f  t h e  c a l i b r a t i o n  p o i n t s  is 

u n s a t i s f a c t o r y ,  t h e  c a u s e  o f  t h e  m a l f u n c t i o n  must b e  d e t e r m i n e d  and e l i m i n a t e d ,  

and t h e  r e c o r d i n g  s y s t e m  r e c a l i b r a t e d .  

TEST PROCEDURE 

4.316. The s o i l  sample  and t h e  model f o u n d a t i o n ,  once  t h e y  are t h o r o u g h l y  

f r o z e n  a t  t h e  s p e c i f i e d  t e m p e r a t u r e ,  are p u t  i n t o  p o s i t i o n  on t h e  l o a d i n g  

p l a t f o r m  o f  t h e  l o a d i n g  p r e s s .  

A clamp,  which h o l d s  d i a l  g a g e s ,  i s  p l a c e d  a round  t h e  t o p  o f  t h e  form 

c y l i n d e r ,  and a  l o a d i n g  c a p  and s t i r r u p  yoke are p u t  o n t o  t h e  model o f  t h e  

f o u n d a t i o n  ( s e e  F i g u r e  3 7 ) ;  t h e  d i a l  i n d i c a t o r  p o i n t s  a r e  b r o u g h t  i n t o  c o n t a c t  

w i t h  t h e  e n d s  o f  t h e  s t i r r u p  yoke. The r e t a i n e r  p l a t e s  are t h e n  l o o s e n e d  and 

t h e  l o a d i n g  p l a t f o r m  is t h e n  manual ly  r a i s e d  u n t i l  t h e  model o f  t h e  f o u n d a t i o n  

comes i n t o  c o n t a c t ,  by way o f  t h e  b a l l ,  w i t h  t h e  lower  l o a d i n g  p l a t f o r m  o f  t h e  

dynamometer. I n  t h i s  way, t h e  p l a t f o r m  is p l a c e d  i n t o  t h e  s t a r t i n g  p o s i t i o n ,  i n  

which it i s  h e l d  w i t h  t h e  a i d  o f  t h e  r e t a i n e r  p l a t e s .  The pen o f  t h e  a u t o m a t i c  

r e c o r d e r  is  t h e n  p l a c e d  i n t o  i t s  s t a r t i n g  p o s i t i o n .  a f t e r  t h e  s o i l  s ample  is 

k e p t  i n  t h e  mould f o r  3-4 h o u r s  a t  t h e  s p e c i f i e d  t e m p e r a t u r e ,  and t h e  s o i l  

t e m p e r a t u r e  h a s  been checked w i t h  t h e  a i d  o f  t h e  the rmocoup le ,  t h e  e l e c t r i c  

motor is  s w i t c h e d  on and t h e  s y s t e m  o f  t r a n s m i s s i o n  g e a r s  is  se t  i n  mot ion  ( t h e  

g e a r s  b e i n g  s e l e c t e d  t o  produce  t h e  d e s i r e d  ra te  o f  l i f t  o f  t h e  l o a d i n g  

p l a t  fo rm) .  

4.317. Dur ing  t e s t i n g ,  a  s y s t e m a t i c  r e c o r d  ( T a b l e  5 0 )  is k e p t  o f  t h e  

r e a d i n g s  o f  t h e  d i a l  i n d i c a t o r s  a t t a c h e d  t o  t h e  mould,  t h e  dynamometer o f  t h e  

a u t o m a t i c  r e c o r d e r ,  t h e  the rmocoup le ,  and t h e  thermograph.  

It i s  recommended t h a t  a l l  r e a d i n g s  b e  t a k e n  a round  t h e  c l o c k  a t  i n t e r v a l s  

o f  1 t o  3  h o u r s ,  depend ing  on t h e  rate o f  movement o f  t h e  s o i l  sample  a l o n g  t h e  

model o f  t h e  f o u n d a t i o n .  The test  is c o n s i d e r e d  t o  have  been  comple ted  when t h e  

s o i l  h a s  moved 1 0  mm r e l a t i v e  t o  t h e  model f o u n d a t i o n .  

Data a b o u t  t h e  t e m p e r a t u r e s  o f  t h e  a i r  and o f  t h e  s o i l ,  movement, 

e x p e r i m e n t a l  c o n d i t i o n s ,  and t h e  r e s u l t s  o f  t e s t i n g  f o r  s t e a d y  s h e a r  r e s i s t a n c e  

are r e c o r d e d  i n  a l o g  book T a b l e s  49 and 50) .  



T a b l e  49 

a- X y p n a n  sanncw norasannP rcunepatypbl sosnyxa, o6pasua rpynta  
H ero nepemeucnna otnocnTcnbno wozenn @y~nawenra  

b- 06pa3cii 

c-  Jma Havana ~auopaxnsan~ t r l  

d- Jars ~ K O H ~ ~ I I I I H  .lauopamrlnnllLlfl 

a- Log o f  t h e  a i r  and s o i l  sample  t e m p e r a t u r e  r e a d i n g s ,  and o f  t h e  movement o f  

t h e  s o i l  sample r e l a t i v e  t o  t h e  model o f  t h e  f o u n d a t i o n ;  b- Sample; c- Da te  on 

which f r e e z i n g  was begun; d- Date on which f r e e z i n g  was completed;  e- Date and 
0 

t i m e  o f  t e s t i n g ;  f -  A i r  t e m p e r a t u r e  a c c o r d i n g  t o  a  thermometer,  C;  g- 
o  

Galvanometer r e a d i n g s ;  h- S o i l  sample  t e m p e r a t u r e ,  i n  C; i- Readings  o f  t h e  

d i a l  gages  on t h e  mould; j- r i g h t ;  k- l e f t ;  1- a v e r a g e  v a l u e ;  m- Amount o f  

movement , i n  mm 

4.318. When t h e  t e s t  is  o v e r ,  t h e  model f o u n d a t i o n  is unloaded,  t h e  

r e t a i n e r  p l a t e s  a r e  l o o s e n e d ,  and t h e  l o a d i n g  p l a t f o r m  is manual ly  lowered t o  

i ts  s t a r t i n g  p o s i t i o n .  A f t e r  t h e  i n d i c a t o r  clamp is removed, t h e  mould is 

d i sassembled  ( i n  o r d e r  t o  accompl ish  t h i s  i t ,  is recommended t h a t  t h e  r i n g  be  

s l i g h t l y  h e a t e d ) .  A f t e r  its r e l e a s e  from t h e  bot tom p l a t e  and r i n g ,  t h e  h e i g h t  

o f  t h e  s o i l  sample is measured. The h e i g h t  is measured,  t o  an  a c c u r a c y  o f  1 mm, 

a t  5-6 p o i n t s  around t h e  sample.  

4.319. The m o i s t u r e  c o n t e n t  o f  t h e  f r o z e n  s o i l  a t  t h e  c o n t a c t  w i t h  t h e  

model o f  t h e  f o u n d a t i o n  is de te rmined  a s  t h e  a v e r a g e  from t h r e e  samples  t a k e n  

from t h e  c o n t a c t  zone o f  t h e  s o i l  ( a t  t h e  t o p ,  m i d d l e ,  and bottom o f  t h e  model 

of  t h e  f o u n d a t i o n ) .  T h i s  is accomplished by c u t t i n g  t h e  e x t r a c t e d  s o i l  sample  

wi th  a  k n i f e ,  a l o n g  t h e  p e r i m e t e r  o f  t h e  model f o u n d a t i o n ,  i n t o  two p a r t s ,  one  

of  which is t a k e n  o f f  o f  t h e  model. Data a b o u t  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  

a r e  r e c o r d e d  i n  a  l o g  book ( T a b l e  4 8 ) .  



Table  50 

- 194 - 
T a d n ~ u r  50 

( O ~ P M ~ )  
a- Ycnosna onwa  

b- B p c ~ n  n p o e e n e ~ ~ n  'onura t - 
C - ~ n n x l ~ a c r b  ranoro rpysra W - 

d - B . i a x ~ ~ o c r b  ~ e p s n o r o  rpyllra \vc 

g- C ~ o p o c r b  nepeueueHHn odpasua rpy HTa v 

h - B e n w q ~ ~ a  nepeueuesl la oGpasua rpyHra orHoc;iTenbtlo ~ o s e n ~  @\'it- 

i - n n ~ e l r r a  

j - C p e x r r ~ ~  owcora 06pa3lla I pyrtra / I  

1- A w a ~ e r p  Monenw a y n a a ~ e ~ r a  do  

m - n . 1 0 u a ~ b  c ~ e p 3 a ~ ~ n  F 

n- Bec otjpasua c @ o p ~ o R  g. 

0 - B e c  @OPMH c MoRe.ibm @ y ~ ~ a v e ~ ~ a  g, 

p- Bec o6pa31ia rpyma grp 

4 - 0 6 ~ e ~  o6pasua rpyma V ,  - 

a- T e s t  c o n d i t i o n s ;  ,b-  T e s t i n g  time, t ;  c- Mois tu re  c o n t e n t  o f  unf rozen  s o i l ,  W ;  

d- Mois tu re  c o n t e n t  o f  f r o z e n  s o i l ,  W t ;  e- Temperature  o f  t h e  a i r  i n  t h e  

chamber, f- Temperature  o f  t h e  s o i l  sample ,  
Omin' max' 'avg9 Omin' 

Omax' 'avg; 
g- Rate o f  t r a v e l  o f  t h e  s o i l  sample ,  v ;  h - i  - Movement o f  t h e  

s o i l  sample  r e l a t i v e  t o  t h e  model o f  t h e  f o u n d a t i o n ;  j- Average h e i g h t  o f  t h e  s o i l  

sample;  k- I n n e r  d iamete r  o f  t h e  r i n g ,  dk ;  1- Diameter o f  t h e  model f o u n d a t i o n  

da ; 
m- Adf reez ing  a r e a ,  F; n- Weight o f  sample  and form, g,,; 0- Weight o f  form 

and foundat  i o n  model, p- Weight o f  s o i l  sample ,  g,,, ; q- Volume o f  t h e  s o i l  
g3 ' 

sample,  V o ;  r- S p e c i f i c  weight o f  unf rozen  s o i l ,  s- Log o f  t h e  t e s t  
Yo6' 

r e s u l t s  o f  s t e a d y  s h e a r  r e s i s t a n c e ;  t- Sample No.; u- Date and time o f  t e s t i n g ;  v- 

~ K O E ~  no- 
eepxnocrb 
cacepziann~ 

B EM' - 

Aata H 
s p u n  npo-  

eeAenHn 
H C ~ ~ I T ~ I I ~ I R  

u- 

Dynamometer r e a d i n g s ,  i n  mm; w- Automatic r e c o r d e r  r e a d i n g s ,  i n  mm; x- T o t a l  

OTcqer no 
CaMonHCUY 

- 

Y c ~ o ~ ~ u s o e  
conpornme- 
Hue cnsltry 
T,,, R Z / C N :  

z - 

Orcqer no 
jwnauo- 
Mespy 
B M N  

v- 

s h e a r i n g  f o r c e  on t h e  p r e s s ,  i n  kg; y- L a t e r a l  a d f r e e z i n g  s u r f a c e ,  i n  cm2;  2- 

Steady  r e s i s t a n c e  t o  s h e a r  T i n  kg/cm 2 
Y '  

C y v ~ a p ~ o e  
cflenraroqee 
ycnnlle na 

npecce B K Z  - 



THE PROCESSING OF TEST DATA 

4.320. The s p e c i f i c  v a l u e  o f  t h e  s t e a d y  s h e a r  r e s i s t a n c e  ( T ~ )  is 

de te rmined  a s  t h e  a v e r a g e  v a l u e  o f  t h r e e  o r  f o u r  tests c a r r i e d  o u t  u n d e r  

i d e n t i c a l  c o n d i t i o n s  ( s p e c i f i e d  t e m p e r a t u r e  ( t c p ) ,  m o i s t u r e  c o n t e n t  (W+), 
" 

and r a t e  o f  t r a v e l  ( v )  o f  t h e  l o a d i n g  p l a t f o r m  which h o l d s  t h e  s o i l  s ample  

r e l a t i v e  t o  t h e  model o f  t h e  f o u n d a t i o n ) .  

4.321. The v a l u e  o f  -r which c o r r e s p o n d s  t o  p a r t i c u l a r  v a l u e s  o f  t 
Y C P  

and W, is used i n  t h e  d e s i g n  o f  f o u n d a t i o n s  t o  w i t h s t a n d  t a n g e n t i a l  h e a v i n g  
" 

f o r c e s  under  s p e c i f i c  n a t u r a l  c o n d i t i o n s  which e x h i b i t  t h e  same i n i t i a l  

c h a r a c t e r i s t i c s ,  i n c l u d i n g  t h e  compos i t ion  o f  t h e  s o i l .  

4.322. When d e a l i n g  w i t h  c o n s t r u c t i o n s  sites a t  which t h e  t e m p e r a t u r e ,  

m o i s t u r e  c o n t e n t ,  and r a t e  o f  f r o s t  h e a v i n g  o f  t h e  s o i l  a r e  v a r i a b l e ,  it becomes 

n e c e s s a r y  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  between t h e  , v a l u e  and changes  i n  
Y 

t h e  t e m p e r a t u r e ,  m o i t u r e  c o n t e n t ,  and rate o f  heav ing .  I n  such  a  case, a series 

o f  tes ts  is c a r r i e d  o u t  i n  each o f  which t h e  , is de te rmined  depend ing  on 
Y 

changes  i n  t h e  s p e c i f i e d  l i m i t s  o f  one  o f  t h e  c h a r a c t e r i s t i c s  w h i l e  t h e  o t h e r s  

are k e p t  c o n s t a n t .  I f  each  o f  t h e  t h r e e  c h a r a c t e r i s t i c s  i n  t h e  tes t  ( t  
c P ' 

W,,  v )  is a s s i g n e d  n  d i f f e r e n t  s p e c i f i e d  v a l u e s  w i t h  m - t i m e s  r e p l i c a t i o n  o f  
" 

each  tes t  (m=3-4 ) , t h e  t o t a l  number o f  tests p e r  one  d i f f e r e n c e  i n  t h e  s o i l  w i l l  
n  

be N=m3 . 
4.323. Using t h e  r e s u l t s  o f  t h e  t e s t  series,  c u r v e s  are p l o t t e d  o f  , a s  

Y 
a f u n c t i o n  o f  t W t ,  and v.  A t  least t h r e e  p o i n t s  a r e  r e q u i r e d  t o  p l o t  a  

C P '  

c u r v e  t h e r e f o r e  n  2 3.  

4.324. The performance o f  t h e  l a r g e  number o f  tes ts  ( n ) ,  which is r e q u i r e d  

t o  e s t a b l i s h  t h e  f u n c t i o n  r y = f ( t c p ,  Wt, v ) ,  is a lways  j u s t i f i e d  when 

r e s e a r c h i n g  t h e  h e a v i n g  p r o p e r t i e s  o f  t h e  s o i l s  on large c o n s t r u c t i o n  s i tes .  

4.325. The s u g g e s t e d  methodology f o r  d e t e r m i n i n g  t h e  
'Y 

presupposes  t h a t  

t h e  p a r t i c l e  s i z e  compos i t ion  o f  t h e  s o i l  is uniform.  When d i f f e r e n t  s o i l  

v a r i e t i e s  are found on t h e  t e r r i t o r y  which is b e i n g  deve loped ,  t h e y  are a l l  

t e s t e d .  



VISCOSITY OF I C E  INCLUSIONS 

4.326. C a l c u l a t i o n s  c o n c e r n i n g  t h e  second l i m i t i n g  c o n d i t i o n  f o r  

f o u n d a t i o n s  w i t h  i c e  i n c l u s i o n s  a r e  c a r r i e d  o u t  i n  o r d e r  t o  l i m i t  s e t t l e m e n t  

which is due t o  t h e  v i s c o u s  f low o f  t h e  i c e  d u r i n g  a g i v e n  p e r i o d  o f  t ime.  

4.327. I n  t h e  c a l c u l a t i o n s  o f  s e t t l e m e n t ,  i c e  is r e g a r d e d  as b e i n g  a 

n o n l i n e a r  v i s c o u s  body. The main pa ramete r s  o f  t h e  d e f o r m a b i l i t y  o f  such i c e  n  

and K n ,  which a r e  needed f o r  c a l c u l a t i n g  i t s  s e t t l e m e n t ,  a r e  de te rmined  on t h e  

b a s i s  o f  t h e  premise  t h a t ,  when t h e  f low h a s  become e s t a b l i s h e d ,  t h e  c o e f f i c i e n t  

o f  v i s c o s i t y  o f  t h e  i c e  i s  e q u a l  t o :  

where 0 - 0 
is t h e  t e m p e r a t u r e  o f  t h e  i c e ,  i n  C ,  d i s r e g a r d i n g  t h e  minus 

s i g n ;  

T - is t h e  i n t e n s i t y  o f  t h e  t a n g e n t i a l  f o r c e s ,  i n  kg/cm2; 

n  - is a  d i m e n s i o n l e s s  exponent  which c h a r a c t e r i z e s  t h e  n o n - l i n e a r  

dependence o f  t h e  r a t e  o f  v i s c o u s  f low on t h e  l o a d ;  ( i t  is 

de te rmined  e x p e r i m e n t a l l y ) ;  

K - is t h e  parameter  which c h a r a c t e r i z e s  t h e  v i s c o s i t y  o f  t h e  i c e ;  ( i t  
n 

depends on t h e  s t r u c t u r e  and t h e  t e m p e r a t u r e  o f  t h e  i c e ) ,  and is 
2n 

measured i n  (cm deg) / (kgn r ) .  

The pa ramete r s  K and n  a r e  de te rmined  by means o f  i n d e n t a t i o n  o r  u n i a x i a l  
n 

compress ion t e s t i n g  i n  t h e  l a b o r a t o r y .  

APPARATUS 

4.328. When c a r r y i n g  o u t  i n d e n t a t i o n  and u n i a x i a l  compress ion t e s t s  o f  i c e  

it  is p o s s i b l e  t o  u s e  h y d r a u l i c  and mechanical  l o a d i n g  p r e s s e s  o f  v a r i o u s  

d e s i g n s ,  as w e l l  as hand l o a d i n g  p r e s s e s  which are used  f o r  t e s t i n g  s o i l .  

The l o a d i n g  p r e s s e s  which are used  must have  t h e  c a p a c i t y  t o  deform t h e  

samples by a t  l e a s t  20% o f  t h e i r  i n i t i a l  h e i g h t .  I t  is most c o n v e n i e n t  t o  u s e  

hand l o a d i n g  p r e s s e s  w i t h  s e c t i o n a l  l e v e r s  f o r  0.5 and 1 t o n n e ,  as des igned  by 

t h e  All-Union P l a n n i n g ,  S u r v e y i n g ,  and S c i e n t i f i c  Research I n s t i t u t e .  The 

h y d r a u l i c  p r e s s e s  which are used  are o n e s  which are i n c o r p o r a t e d  i n  t e s t i n g  

machines which are equipped w i t h  a  r e f r i g e r a t e d  env i ronmenta l  chamber ( such  as 

t h e  DMK-30t ) . 



4.329. The a p p a r a t u s  are equipped w i t h  d e v i c e s  f o r  measur ing  a x i a l  and 

r a d i a l  d e f o r m a t i o n s  of  t h e  sample.  Such measurements r e q u i r e  t h e  u s e  o f  d i a l  

gages  w i t h  s c a l e  d i v i s i o n s  o f  0.002 mm o r ,  e x c e p t i o n a l l y ,  w i t h  d i v i s i o n s  o f  0.01 

mm . 
4.330. U n i a x i a l  compress ion t e s t i n g  is c a r r i e d  o u t  on c y l i n d r i c a l  samples  

o f  i c e  which have  a  d i a m e t e r  o f  50 mm and a r e  100 mm high .  When pe r fo rming  

i d e n t a t i o n  t e s t s  c y l i n d r i c a l  samples  a r e  used  whose d i a m e t e r  is 10d ,  and whose 

h e i g h t  is 5d (d  b e i n g  t h e  d i a m e t e r  o f  t h e  i n d e n t e r ) .  It  is recommended t h a t  

d=50 nun. The samples  o f  i c e  are p r e p a r e d  as s p e c i f i e d  i n  s e c t i o n s  4.2-4.4. 

4.331. When t e s t i n g  t h e  samples  of i c e ,  c a r e  must be t aken  t h a t  t h e  t o p  and 

bottom s u r f a c e s  o f  t h e  sample  be p a r a l l e l  and t h a t  i t  be  c e n t e r e d  w i t h  r e s p e c t  

t o  t h e  i n d e n t e r .  C i r c l e s  a r e  drawn a t  t h e  c e n t e r  o f  t h e  s tamp,  w i t h  d i a m e t e r s  

e q u a l  t o  t h o s e  o f  t h e  samples ,  and o n t o  which t h e  samples  a r e  p laced .  The ends  

o f  t h e  sample a r e  c a r e f u l l y  smoothed w i t h  f i n e  sandpaper .  

TEST PROCEDURE 

4.332. When t e s t i n g  f o r  c r e e p ,  a  d e t e r m i n a t i o n  is made o f  t h e  r a t e  o f  t h e  

r e l a t i v e  de fo rmat ion  o f  a  s t e a d y  i c e  f low under v a r i o u s  l o a d s .  The r e s u l t s  o f  

t h e s e  tests a r e  used t o  c a l c u l a t e  t h e  c h a r a c t e r i s t i c s  o f  t h e  v i s c o s i t y  o f  t h e  

i c e .  

4.333. The t e s t s  a r e  c a r r i e d  o u t  u s i n g  a s e r i e s  o f  i d e n t i c a l  i c e  samples .  

The samples  a r e  t e s t e d  under d i f f e r e n t  l o a d s ,  b u t  t h e  l o a d  is k e p t  c o n s t a n t  

d u r i n g  t h e  c o u r s e  o f  each  s e p a r a t e  t e s t .  The t e m p e r a t u r e  o f  t h e  i c e  is a l s o  

k e p t  c o n s t a n t  w i t h i n  each  s e r i e s  o f  tests. The s i z e s  o f  t h e  test l o a d s  ( n o t  

less t h a n  t h r e e )  a r e  r o u g h l y  de te rmined  i n  t h e  f o l l o w i n g  manner: t h e  l a r g e s t  
2  

l o a d  is t aken  t o  b e  e q u a l  t o  1 . 5  kg/cm , where 8  - is t h e  t e m p e r a t u r e  o f  

t h e  sample ,  d i s r e g a r d i n g  t h e  minus s i g n ;  t h e  subsequen t  l o a d s  are rough ly  t a k e n  

t o  be 0.75 and 0.5 o f  t h e  l a r g e s t  l o a d .  A x i a l  and r a d i a l  d e f o r m a t i o n s  a r e  

moni tored d u r i n g  t e s t i n g .  

4.334. T e s t i n g  may be  c a r r i e d  o u t  a t  a s i n g l e  t e m p e r a t u r e  v a l u e  8 ,  e q u a l  t o  

one t h i r d  o f  t h e  v a l u e  o f  t h e  t e m p e r a t u r e  a t  a d e p t h  o f  10 m. 

4.335. A t  l e a s t  t h r e e  samples  o f  i c e  a r e  t e s t e d  under  each l o a d .  The 

number o f  t i m e s  t h e  t e s t s  a r e  r e p e a t e d  is i n c r e a s e d  i f  t h e  r e s u l t s  which a r e  

o b t a i n e d  f o r  t h e  r a t e  o f  t h e  s t e a d y  f low ( v ,  (mm/min)) v a r y  by more t h a n  20%. 



4.336. When i c e  is t e s t e d  f o r  c r e e p ,  t h e  c r o s s - s e c t i o n a l  area o f  t h e  s a m p l e  

may change  s i g n i f i c a n t l y  as it  is deformed.  If t h e  change  i n  t h e  area, compared 

w i t h  its i n i t i a l  v a l u e ,  e x c e e d s  5 %  t h e  l o a d  (PI must b e  i n c r e a s e d  i n  p r o p o r t i o n  

w i t h  t h e  growth  i n  t h e  work ing  area o f  t h e  sample  i n  o r d e r  t o  m a i n t a i n  c o n s t a n t  

p r e s s u r e  ( a )  t h r o u g h o u t  t h e  test .  Changes i n  t h e  o p e r a t i o n a l  l o a d  are e f f e c t e d  

w i t h  t h e  a i d  o f  a n  a u t o m a t i c  s e t u p .  When s u c h  a s e t u p  is n o t  a v a i l a b l e ,  t h e  

l o a d  is changed manua l ly  by t h e  u s u a l  a d d i t i o n  o f  w e i g h t s .  

4.337. The m o n i t o r i n g  o f  d e f o r m a t i o n  due t o  c r e e p  is begun from t h e  moment 

t h a t  t h e  l o a d  a t t a i n s  t h e  s p e c i f i e d  magni tude .  

The measurement r e s u l t s  a r e  r e c o r d e d  i n  a l o g  book ( T a b l e  5 1 ) .  

4.338. D u r i n g  t e s t i n g ,  t h e  r a t e  o f  d e f o r m a t i o n  ( v ,  mm/min), is d e t e r m i n e d  

f o r  e a c h  i n t e r v a l  o f  time between s u c c e s s i v e  r e c o r d i n g s  o f  t h e  d e f o r m a t i o n s :  

where  Ai- 'i-1 - is t h e  i n c r e a s e  i n  d e f o r m a t i o n  o v e r  time t i -t. 1-1' The 

v a l u e  o f  v is  r e c o r d e d  i n  t h e  l o g  book ( T a b l e  5 1 ) .  

4.339. The d u r a t i o n  o f  t h e  time i n t e r v a l s  be tween measurements  o f  t h e  

d e f o r m a t i o n s  depends  o n  t h e  ra te  o f  d e f o r m a t i o n  and on  t h e  s t a g e  o f  c r e e p .  

Dur ing  t h e  pr imary  c r e e p  s t a g e  r e a d i n g s  are t a k e n  o n c e  p e r  m i n u t e ,  t h e n ,  as 

t h e  r a t e  o f  d e f o r m a t i o n  d e c r e a s e s , ,  t h e  i n t e r v a l s  be tween r e a d i n g s  are s t e a d i l y  

i n c r e a s e d  and  are t a k e n  t o  be  e q u a l  t o  A t i=2At  i .e.  t h e  r e a d i n g s  are 
i-1 ' 

t a k e n  a t  i n t e r v a l s  o f  2 ,  4 ,  8 ,  1 5 ,  30 m i n u t e s ,  1, 2 ,  h o u r s ,  etc.  D u r i n g  t h i s  

p r o c e s s ,  t h e  i n c r e a s e  i n  d e f o r m a t i o n  o v e r  time t -5.  s h o u l d  n o t  b e  less 
i + l  1 

t h a n  0.005 mm. O t h e r w i s e  t h e  time between r e a d i n g s  is l e n g t h e n e d .  

4.340. If t h e  ra te  o f  d e f o r m a t i o n  is found t o  b e  i d e n t i c a l  d u r i n g  n o t  less 

t h a n  t h r e e  s u c c e s s i v e  r e a d i n g s ,  it is c o n s i d e r e d  t h a t  t h e  s t a g e  o f  f l o w  a t  a 

s t e a d y  s ta te  ra te  h a s  begun.  

4.341. Dur ing  t h e  s t a g e  o f  f l o w  a t  a s t e a d y  s ta te  rate,  t h e  d e f o r m a t i o n s  

a r e  measured  af ter  e q u a l  i n t e r v a l s  o f  time A t = c o n s t ,  and  ~t is t a k e n  t o  b e  

e q u a l  t o  t h e  i n t e r v a l  o f  time between t h e  f i n a l  r e a d i n g s  d u r i n g  t h e  s t a g e  o f  

p r imary  c r e e p .  
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a- Data from o b s e r v a t i o n s  made d u r i n g  t h e  t e s t i n g  o f  ice f o r  c r e e p ;  b- Area o f  
2 2 

t h e  sample  F ,  cm ; c- P r e s s u r e  a , kg/cm ; d- I n i t i a l  l o a d  P = F a ,  kg ;  e- 

Date; f -  Time o f  r e a d i n g ,  h o u r s ,  m i n u t e s ;  g- Time a t  which t h e  test  w a s  begun 

t 
i ' m i n u t e s  ( h o u r s ) ;  h- Length  o f  t i m e  between r e a d i n g s  A t = t  -t 

i i-1' 
m i n u t e s  ( h o u r s )  ; i- Readings  o f  t h e  m e a s u r i n g  i n s t r u m e n t s ;  j- A b s o l u t e  

d e f o r m a t i o n  o f  t h e  sample ;  k- a x i a l ;  1- r a d i a l ;  m- I n c r e a s e  i n  t h e  d e f o r m a t i o n  
AX i 

Ah . = h i - h  n- R a t e  o f  a x i a l  d e f o r m a t i o n  v = - q  
1 i-1' 

mm/min; o- Load P ,  kg ;  
0 

p- Tempera tu re  0 ,  C; q- Remarks; r- N a t u r e  o f  f a i l u r e  time a t  which c r a c k s  

a p p e a r e d ,  b e n d i n g ,  e t c .  

4.342. The tes t  is conc luded  when t h e  rate  o f  d e f o r m a t i o n  r e m a i n s  c o n s t a n t  

d u r i n g  a t  l e a s t  f i v e  s u c c e s s i v e  r e a d i n g s .  

4.343. I n d e n t a t i o n  tests are c a r r i e d  o u t  i n  t h e  same manner as d e s c r i b e d  

above ,  t h e  o n l y  d i f f e r e n c e  b e i n g  t h a t  t h e  l o a d  is n o t  changed d u r i n g  t h e  c o u r s e  

of  a test .  



Figure  39. The r e l a t i v e  deformation o f  i c e  ( 6 )  a s  a  func t ion  o f  time ( t )  under 

va r ious  p re s su re s  ( a  >a >a  ) 
1 2  3  

PROCESSING OF TEST DATA AND DETERMINATION OF THE 

CHARACTERISTICS OF THE VISCOSITY OF I C E  

4.344. The i n i t i a l  da t a  f o r  determining t h e  c h a r a c t e r i s t i c s  o f  t h e  

v i s c o s i t y  o f  i c e  a r e  t h e  r a t e s  o f  abso lu t e  deformation ( v ,  mm/min), dur ing  t h e  

s t a g e  o f  s t eady  s t a t e  creep.  

During u n i a x i a l  compression t e s t i n g ,  t h e  t e s t  va lues  o f  t h e  r a t e  v  a r e  used 

t o  c a l c u l a t e  t h e  r e l a t i v e  r a t e  o f  s t eady  s t a t e  flow 

v - 1 
v .= - min 

O t b  h 9 

where h  - is t h e  i n i t i a l  h e i g h t  o f  t h e  sample, i n  mm. 

I n  o rde r  t o  check t h e  accuracy o f  t h e  de te rmina t ion  o f  t h e  r e l a t i v e  r a t e  

v  
o t i  

t h e  r e s u l t s  from each o f  t h e  tests a r e  used t o  p l o t  a  c r e e p  curve ,  ( i . e .  

a  curve o f  t h e  r e l a t i v e  deformation a s  a  func t ion  o f  t ime t )  ( s e e  F igure  39) .  

I n  o rde r  t o  accomplish t h i s ,  t h e  va lues  o f  t h e  a b s o l u t e  a x i a l  deformation 

which correspond t o  t h e  t ime va lues  t a r e  ob ta ined  from Table  5 1 ,  and t h e  
A .  i' 

r e l a t i v e  deformation is determined 6L (where h  - is t h e  i n i t i a l  he igh t  of t h e  
h 

sample).  Using t h e  r e s u l t s  o f  t e s t i n g  o f  samples o f  a  given s e r i e s ,  a  family of  

c reep  curves  is ob ta ined ,  wi th  each curve corresponding t o  its own cons t an t  

p r e s su re  va lue  ( a l > a 2 > a 3  ). 



4.345. On each  o f  t h e  c r e e p  c u r v e s ,  a l i n e a r  segment is  d i s t i n g u i s h e d  which 

c o r r e s p o n d s  t o  f low a t  a  c o n s t a n t  r a t e  ( F i g u r e  3 9 ) .  A d e t e r m i n a t i o n  i s  t h e n  

c a r r i e d  o u t  o f  t h e  s t e a d y  s t a t e  c r e e p  rate vot i=cons t l  which is n u m e r i c a l l y  

e q u a l  t o  t h e  t a n g e n t  o f  t h e  a n g l e  o f  i n c l i n a t i o n  o f  t h e  L inear  segment o f  each  

o f  t h e  c r e e p  c u r v e s  t o  t h e  a x i s  o f  a b s c i s s a e  ( t i m e ) ,  i . e .  a s e r i e s  o f  rates is  

o b t a i n e d  - votl= t a n ?  , vot2=tan a , e t c . ,  o n e  f o r  each t e s t .  These 

v a l u e s  must a g r e e  w i t h  t h e  v a l u e s  o f  t h e  r e l a t i v e  r a t e  v  
o t i '  as c a l c u l a t e d  

w i t h  t h e  a i d  o f  t h e  formula  ( 8 9 ) .  

4.346. I n  o r d e r  t o  de te rmine  t h e  p a r a m e t e r s  n  and K a graph is p l o t t e d .  
n '  

The l o g a r i t h m  o f  t h e  s t e a d y  r a t e  o f  r e l a t i v e  de fo rmat ion  ( c ) ,  c o n v e r t e d  t o  l / h r ,  

is p l o t t e d  a l o n g  t h e  a x i s  o f  o r d i n a t e s ,  w h i l e  t h e  l o g a r i t h m  o f  t h e  p r e s s u r e  ( a )  

which c o r r e s p o n d s  t o  t h i s  r a t e  is  p l o t t e d  a l o n g  t h e  a x i s  o f  a b s c i s s a e  ( F i g u r e  

4 0 ) .  

4.347. From t h i s  g raph ,  t h e  v a l u e s  o f  t h e  d e s i g n  p a r a m e t e r s  n  and K f o r  n  
t h e  g i v e n  t y p e  o f  i c e  a t  t h e  s p e c i f i e d  t e m p e r a t u r e  are determined.  The 

pa ramete r  n  is assumed t o  be e q u a l  t o  t h e  t a n g e n t  o f  t h e  a n g l e  o f  i n c l i n a t i o n  o f  

t h e  o b t a i n e d  s t r a i g h t  l i n e  t o  t h e  a x i s  o f  a b s c i s s a e ,  w h i l e  Kn is c a l c u l a t e d  

u s i n g  t h e  formula:  

0 
where 0 - is t h e  a b s o l u t e  v a l u e  o f  t h e  t e m p e r a t u r e  o f  t h e  ice,  i n  C ,  

d i s r e g a r d i n g  t h e  minus s i g n ;  

5 - 2 
is t h e  s t e a d y  r a t e  o f  r e l a t i v e  d e f o r m a t i o n  i n  l / h r  a t  a = l k g / c m  , 
o b t a i n e d  from F i g u r e  40 as a segment on t h e  a x i s  o f  o r d i n a t e s .  

4.348. The p r o c e s s i n g  o f  t h e  r e s u l t s  from i n d e n t a t i o n  t e s t i n g  c o n s i s t s  i n  

t h e  f o l l o w i n g :  

a )  a  g raph  is p l o t t e d  o f  t h e  s e t t l e m e n t  o f  t h e  i n d e n t e r  ( s ,  mm o v e r  time 

t ,  m i n ) ,  which is t h e n  used t o  o b t a i n  t h e  v a l u e s  o f  t h e  s t e a d y  state 

c r e e p  r a t e  v ,  mm/min f o r  v a r i o u s  ( n o t  less t h a n  t h r e e )  p r e s s u r e s ,  i n  a 

manner s i m i l a r  t o  t h a t  recommended i n  s e c t i o n  4.345 f o r  t h e  v a l u e s  o f  6; 
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Cnd, Ind, tn4 

F i g u r e  40. The s t e a d y  r a t e  o f  r e l a t i v e  de fo rmat ion  as a  f u n c t i o n  o f  t h e  

p r e s s u r e  ( i n  l o g a r i t h m i c  s c a l e ) .  

b) u s i n g  t h e  o b t a i n e d  v a l u e s  o f  v ,  c o n v e r t e d  t o  cm/hr,  v  as a  f u n c t i o n  o f  

a is p l o t t e d  i n  l o g a r i t h m i c  s c a l e  ( i n  a manner similar t o  t h a t  

d e s c r i b e d  i n  s e c t i o n  4.346, see F i g u r e  40) .  Using t h i s  g r a p h ,  t h e  

parameter  n  is determined as t h e  t a n g e n t  o f  t h e  a n g l e  o f  i n c l i n a t i o n  o f  

t h e  s t r a i g h t  l i n e  t o  t h e  a x i s  o f  a b s c i s s a e ;  t h e  parameter  K, is 

c a l c u l a t e d  from t h e  e x p r e s s i o n :  

where v '  - is t h e  s t e a d y  s t a t e  c r e e p  r a t e ,  crn/hr when a =lkg/cm2 ( p r o o f  

s t r e s s ) ,  de termined from t h e  graph i n  F i g u r e  40 as a segment on  

t h e  a x i s  o f  o r d i n a t e s ;  

d  - is t h e  d i a m e t e r  o f  t h e  i n d e n t e r ,  i n  cm; 

e - is t h e  b a s e  o f  t h e  n a t u r a l  l o g a r i t h m ,  e l o 6 = 4  .95; 
0 

0 - is t h e  t e s t i n g  t e m p e r a t u r e ,  d i s r e g a r d i n g  t h e  minus s i g n ,  i n  C .  


