
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Proceedings of the 4th International Symposium on Ground Freezing, 2, pp. 201-
206, 1985

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=cec24c67-7834-4235-935a-ce1c94588e2c

https://publications-cnrc.canada.ca/fra/voir/objet/?id=cec24c67-7834-4235-935a-ce1c94588e2c

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Cyclic creep of frozen soils
Parameswaran, V. R.



Ser 
m 
N21d ~ PL"-m 

National Researdh Corrsdl national 10013371+ c. 2 CoundlC.mda dencharchgCMda 

Division of Division des 
Building Research recherches en Mtiment 

Cyclic Creep of Frozen Soils 

by V.R. Parameswaran 

ANALYZED 

Reprinted from 
Proceedings of the Fourth International Symposium on 

Ground Freezing 
Sapporo, Japan. August 5-7,1985 i 

Volume 2, p. 201 -206 
(DBR Paper No. 1337) 

Price $1.50 

NRCC 25199 



L'auteur a Ctudie le fluage cyclique des sable saturC et 
argiles geles en superposant des charges alternantes sur une 
charge de compression statique moyenne posee sur les 

echantillons. Le chargement cyclique a accru consid6rablement 
la vitesse de fluage de ces matsriaux, ce qui pourrait 
s'expliquer par l'augmentation de la teneur d'eau non gel6e 
resultant de llCnergie thermique transitoire produite par 

cyclage dcanique. On a observe que l'increment de dCforrnation 
par cycle augmentait proportionnellement 3 l'accroissement de 
la deformation du sable ge16, tandis qu'il diminuait dans Zes 

argiles gelCes, montrant une tendancc 3 La resistance 

progressive 3 la d6formation. 
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Cyclic creep of frozen soils 
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Abstract  

Cycl ic  creep behaviour of f rozen 

sa tu ra t ed  sand and f rozen c l ays  was 
s tud ied  by superimposing a l t e r n a t i n g  

s t r e s s e s  over a mean s t a t i c  compressive 

s t r e s s  on the  samples. Cycl ic  loading 

increased the  creep r a t e  of t hese  

ma te r i a l s  cons iderably ,  which could be due 

t o  t h e  i nc rease  i n  unfrozen water content  
generated by the  t r a n s i e n t  thermal energy 

produced by mechanical cycling.  The 

s t r a i n  increment per cyc l e  was found t o  
i nc rease  wi th  i nc reas ing  s t r a i n  i n  f rozen 

sand, whereas i t  decreased i n  f rozen 

c l ays ,  showing a tendency f o r  s t r a i n  
hardening. 

In t roduct ion  

Creep o r  time-dependent i n e l a s t i c  
deformation of f rozen s o i l  ma te r i a l s  has 

been s tud ied  t o  some ex ten t  a s  a funct ion  

of temperature and s t r e s s ,  and a t tempts  

have been made by seve ra l  authors  t o  f i t  

t he  experimental  c reep da t a  t o  c l a s s i c a l  

c reep equations developed from the  
observed behaviour of many v i s c o e l a s t i c  

m a t e r i a l s ,  i n  p a r t i c u l a r  metals and 
a l loys .  For des igning foundations i n  

f rozen ground, t h e  bear ing capaci ty  of t he  

f rozen s o i l  has t o  be known, which depends 
on the  creep c h a r a c t e r i s t i c s  of t he  f rozen 
s o i l .  In gene ra l ,  t h e  long-term creep 

s t r e n g t h  of t h e  s o i l  under constant  s t r e s s  

i s  used f o r  design.  In p r a c t i c e ,  however, 

foundations a r e  i nva r i ab ly  subjec ted  t o  

var ious  k inds  of dynamic s t r e s s e s  from 
i n t r i n s i c  and extraneous sources ,  i n  

add i t i on  t o  s t a t i c  s t r e s s e s  due t o  

s t r u c t u r a l  loads.  Rapid changes i n  

mechanical s t r e s s e s  could a l s o  cause 

thermal changes i n  t h e  s o i l ,  a l t e r i n g  i t s  

c reep behaviour. 
It has been shown t h a t  small  dynamic 

s t r e s s e s  do indeed inc rease  t h e  

displacement r a t e  of a p i l e  foundation i n  

f rozen s o i l  (Parameswaran, 1982; 1984), 
but t o  da t e ,  t h e  e f f e c t s  due t o  dynamic 

s t r e s s e s  a r e  taken care  of by us ing an 
ignorance f a c t o r  ( a  s a f e t y  f a c t o r )  i n  the  

design.  Knowledge of t h e  dynamic 

mechanical p rope r t i e s  of f rozen s o i l s  i s  

spa r se ,  except f o r  some information on t h e  
dynamic moduli (Kaplar,  1969; Stevens,  

1975; Vinson, 1978(a);  (b ) ;  ( c ) ) .  Due t o  
t he  l a c k  of such knowledge and 

u n c e r t a i n t i e s  i n  t h i s  a r ea ,  design of 

foundations has  t o  be extremely 

conservative.  A b e t t e r  understanding of 

t h e  deformation behaviour of f rozen s o i l  

ma te r i a l s  under dynamic loading or 

combined loading,  and t h e  use of such 

in£  ormation i n  l i f e  p red ic t ion  ana lys i s ,  

w i l l  r e s u l t  no t  only i n  l e s s  conservat ive  

design r u l e s ,  but a l s o  i n  t h e  enhanced 
r e l i a b i l i t y  of a s t r u c t u r e .  This w i l l  

l e ad  t o  a reduct ion  i n  the  f a c t o r  of 

s a f e t y ,  thereby reducing t h e  cos t  of 
hardware, a s  p i l e  ma te r i a l s  can be more 

e f f e c t i v e l y  used. The chal lenges ,  
t he re fo re ,  a r e  i n  t h e  dynamic creep a rea  

where t h e r e  is a need t o  develop 

c o n s t i t u t i v e  equations t o  dep ic t  t h e  
behaviour of f rozen s o i l s  and a l s o  t h e  

need t o  genera te  more experimental  da t a  on 

var ious  f rozen s o i l s .  This paper i s  a 
small  s t e p  i n  t h i s  d i r e c t i o n  and discusses  

r ecen t  r e s u l t s  obtained from c y c l i c  creep 

t e s t s  on some f rozen s o i l s .  



Experimental Procedure 
Mater ia ls  and Sample Prepara t ion:  

Cy l ind r i ca l  samples were made from t h r e e  

d i f f e r e n t  ma te r i a l s :  Ottawa sand (ASTM 
Spec i f i ca t ion  C-109 pass ing s i eve  No. 30 

and r e t a ined  on s i eve  No. 100, and having 
a g ra in  diameter of 0.2 t o  0.6 m), a 

n a t u r a l  c l ay  from Inuvik,  N.W.T. and a 

s i l t y  c l ay  from Thompson, Manitoba. 
Cy l ind r i ca l  samples of f rozen sand 

were prepared i n  s p l i t  p l ex ig l a s  molds. 

The sand was compacted i n  l a y e r s ,  a t  an 
optimum moisture content  of 14%. The mold 

was then connected t o  a vacuum pump t o  

remove entrapped a i r .  Af ter  evacuation 
t h e  sand was sa tu ra t ed  with deaera ted  

d i s t i l l e d  water.  The specimens were then 

frozen u n i a x i a l l y  i n  t h e  mold kept i n s i d e  
an in su l a t ed  box wi th  t h e  top  end exposed 

t o  t h e  cold room a i r ,  maintained a t  -lO°C. 

The water expel led  during f r eez ing  was 
removed from t h e  bottom through a 

c a p i l l a r y  tube conta in ing a hea t e r  wire. 
Af ter  f r eez ing ,  t he  ends of t h e  
c y l i n d r i c a l  sample were trimmed and faced 

on a l a t h e  i n s i d e  t h e  cold  room. The 

f in i shed  t e s t  specimens contained about 

20% moisture and had a bulk dens i ty  of 
about 2040 kgm-3. 

Cy l ind r i ca l  samples of t he  n a t u r a l  

c lays  from permafrost a r eas  (Inuvik,  

N.W.T. and Thompson, Manitoba) were 

prepared by mixing t h e  d r i ed  s o i l  with 

water (50% by weight of dry s o i l )  and 
packing t h e  r e s u l t i n g  s l u r r y  i n t o  t h e  

c y l i n d r i c a l  c a v i t i e s  of a s tyrof  oam block 
t h a t  was l i n e d  wi th  polyethylene shee t s .  

The samples were allowed t o  f r eeze  

u n i d i r e c t i o n a l l y  by exposing the  open end 

t o  t h e  a i r  i n s i d e  t h e  cold room. After  
complete f r eez ing  t h e  c y l i n d r i c a l  samples 

were removed from the  styrofoam block and 
t h e i r  ends trimmed and faced on a l a t h e .  
The i c e  l enses  i n  t he  f rozen s o i l  samples 

were d i s t r i b u t e d  uniformly, but o r i en t ed  
randomly. The average moisture content  i n  

t h e  samples was about 45%. 

The f i n i s h e d  t e s t  specimens had 
diameters of 50.8 mm (2 i n )  and 76.2 mm 

( 3  i n ) ,  and l eng th  t o  diameter (LID) 

r a t i o s  s l i g h t l y  g rea t e r  than 2. 

Equipment and Tes t  Method: A diagram 
of t he  experimental  set-up t o  study the  

creep of f rozen s o i l  samples is shown i n  

Fig. 1. A c y l i n d r i c a l  t e s t  specimen (A), 

wrapped i n  a cellophane jacket  with a 

thermocouple (T) a t tached t o  i t ,  was 

mounted on a pedes ta l  ( B ) ,  and the  l e v e r  

arm (D) was adjus ted  ho r i zon ta l ly  with t he  
load c e l l  (C) above the  specimen. A 

hydraul ic  jack ( J )  was used t o  r a i s e  and 

lower t h e  l e v e r  arm (D). The combined 

Fig. 1 Apparatus t a  study creep of f rozen 

s o i l s .  

weight of t h e  beam (D), t h e  shaker (E), 
and t h e  loading pla t form (P) provided t h e  

s t a t i c  load on t h e  specimen. Weights were 
placed on t h e  p la t form (P) t o  i nc rease  t h e  

s t a t i c  load i n  some t e s t s .  Dynamic load 

was appl ied  on t h e  f rozen s o i l  sample by 

an electrodynamic shaker (E). Larger 

c y c l i c  loads  were appl ied  by an 

e l ec t rohydrau l i c  shaker (H) (shown i n  
Fig. 2). The frequency and amplitude of 
t h e  dynamic load was con t ro l l ed  by feeding 

a s u i t a b l e  s inuso ida l  wave form s igna l  t o  

t he  shaker from a wave genera tor  and 

ampl i f ier .  Dynamic loads  with f requencies  
of 10 Hz and 15 Hz, and peak-to-peak 

amplitudes of up t o  10% of t h e  s t a t i c  

l oad ,  were used. 
The s t a t i c  and dynamic components of 

t h e  load appl ied  on the  specimen were 
monitored continuously from t h e  output of 

t he  load c e l l  (C) on a cha r t  recorder .  
The dynamic load was a l s o  monitored 

accu ra t e ly  us ing an osc i l l o scope  having a 
camera attachment. The deformation of t h e  

sample ( a x i a l  compression), measured by a 

l i n e a r  va r i ab l e  d i f f e r e n t i a l  transducer 
(LVDT) 'L' ,  was a l s o  recorded on t h e  cha r t  

recorder .  A l l  t h e  da t a  from each t e s t ,  

such a s  the  temperature of t h e  sample, 

room a i r  temperature near  t h e  specimen, 

t he  s t a t i c  load on t h e  sample, and a x i a l  
deformation,  were a l s o  logged a t  r egu la r  

i n t e r v a l s  (1  t o  2 hours)  through an 
automatic d a t a  acqu i s i t i on  system us ing a 

desk top  computer, and the  s t r e s s ,  s t r a i n ,  

and s t r a i n  r a t e  of t h e  sample were 

ca l cu l a t ed  f o r  every reading. Tes ts  were 
c a r r i e d  out a t  -2.5OC and -lO°C, t h e  



temperature of t he  sample being monitored 

by small  thermocouples (T) a t tached t o  t h e  

sample. P r i o r  t o  s t a r t i n g  a t e s t ,  t he  

temperature of t h e  sample was allowed t o  
come t o  equi l ibr ium with t he  room 

temperature. 
F igure  2 shows t h e  experimental  

s e t u p  i n s i d e  t h e  cold room and Fig. 3 

shows a close-up view of t h e  specimen and 
LVDT. 

Resul ts  and Discussions 

Figure 4 shows t y p i c a l  c reep curves 
depic t ing  t h e  v a r i a t i o n  of a x i a l  s t r a i n  

with time f o r  f rozen samples of Thompson 

Fig. 2 Ins ide  the  cold room: (H) i s  t he  

e l ec t rohydrau l i c  shaker.  

Fig. 3 Close-up of t e s t  specimen and 

LVDT. 

c l ay ,  Inuvik c l ay  and sa tu ra t ed  sand. The 

regions with and without t he  superimposed 

a l t e r n a t i n g  load a r e  shown by t h e  dashed 

and f u l l  l i n e s .  The e f f e c t  of a l t e r n a t i n g  
load i n  i nc reas ing  the  creep r a t e  i s  

obvious i n  t hese  f i g u r e s ,  a s  shown by t h e  
inc rease  i n  s lope  of t he  creep curves i n  

t hese  regions.  The increments i n  creep 

s t r a i n  and s t r a i n  r a t e  a r e  p a r t i c u l a r l y  

marked i n  Figure 4 (c )  f o r  t h e  f rozen sand 

sample subjec ted  t o  a much l a r g e r  s t r e s s  

than t h e  o the r  two samples. Figure 5 

shows the  corresponding creep r a t e  curves 

f o r  these  samples. The values  of t h e  

creep r a t e s  with and without a l t e r n a t i n g  

s t r e s s ,  t h e  increments i n  creep s t r a i n  per 

cycle  of load,  s t r a i n  a t  t he  beginning of 

cycl ing  and t h e  s t r e s s  on these  samples 

a r e  given i n  Table 1. The s t r a i n  

increment per cyc l e  (AE/AN)  decreases wi th  

i nc reas ing  s t r a i n  f o r  t he  Thompson c l ay  

samples, whereas i t  i nc reases  with 
i nc reas ing  s t r a i n  f o r  t he  f rozen sand. 

This sugges ts  t h a t  c y c l i c  s t r e s s i n g  causes 
s t r a i n  hardening i n  f rozen c l ay ,  whereas 

i n  f rozen sand, i t  causes so f t en ing  wi th  

i nc reas ing  s t r a i n .  For Inuvik c l ay ,  which 
was of much f i n e r  g ra in  s i z e  than Thompson 

c l ay ,  t h e r e  was no t  much v a r i a t i o n  i n  t he  

value of (&€/AN) with s t r a i n  ( E ) .  
Consolidation occurr ing  under c y c l i c  

s t r e s s  could con t r ibu te  t o  s t r a i n  

hardening of t h e  c l ay  samples, while t h e  

so f t en ing  observed i n  t h e  f rozen sand 
samples could p a r t l y  be due t o  d i l a t i o n .  

A l l  t h e  t e s t s  repor ted  he re  were 
c a r r i e d  out i n  a cold room a t  a 

temperature of -2.5'C f 0.5OC. A few 

t e s t s  were a l s o  done a t  - l O ° C ,  but a t  t h i s  

lower temperature t h e r e  was hardly  any 

inc rease  i n  creep r a t e  due t o  c y c l i c  

loading. If  t h e  peak-to-peak amplitude of 

t h e  a l t e r n a t i n g  load could be increased,  
t h e r e  i s  a p o s s i b i l i t y  t h a t  one could 

observe t h e  i n f luence  of c y c l i c  loading a t  

t h e  lower temperature too. To s tudy the  
e f f e c t  of changing t h e  frequency of 

loading,  some t e s t s  were a l s o  done a t  
15 Hz, and i n  some t e s t s ,  a l t e r n a t i n g  

s t r e s s e s  of both 10 Hz and 15 Hz were 

superimposed i n t e r m i t t e n t l y .  The e f f e c t  
of t he  a l t e r n a t i n g  s t r e s s  was much l e s s  
pronounced a t  t he  h igher  f requencies  than 

t h a t  a t  10 Hz. This could be due t o  t h e  
l i m i t a t i o n  of t h e  machine and present  

s e t u p ,  where t he  s t r e s s  amplitude 

decreases a s  frequency of loading is 
increased. 

P l a s t i c  deformation of f rozen s o i l s  

i s  mainly due t o  t h e  viscous flow 
occurr ing  i n  t he  i c e  phase. At any 

temperature,  unfrozen water i s  always 
present  i n  t h e  s o i l  a t  the  i n t e r p a r t i c l e  
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Fig. 4 Var ia t ion  of a x i a l  s t r a i n  with 

time. 
( a )  Thompson c l ay  (Temperature: -2.5OC; 

moisture:  45%) 
(b )  Inuvik c lay  (Temperature: -2.5OC; 

moisture:  45%) 

( c )  s a t u r a t e d  sand (Temperature: -2.5OC; 
moisture:  20%) 

Fig. 5 Var ia t ion  of s t r a i n  r a t e  w i th  

time. 
( a )  Thompson c l ay  (Temperature: -2.S°C; 

moisture: 45%) 

(b) Inuvik c l ay  (Temperature: -2.5OC; 

moisture:  45%) 

( c )  s a t u r a t e d  sand (Temperature: -2.5OC; 
moisture: 20%) 



TABLE 1: Dynamic Creep Data from Three Representa t ive  Samples 

Mean Peak-to-peak S t r a i n  S t r a i n  a t  
S t a t i c  a l t e r n a t i n g  Creep S t r a i n  Rates Increment s t a r t  of 

Tes t  S t r e s s  s t r e s s  per c c l e  cycl ing  J 
No. Mater ia l  om(MPa) ua(MPa) Without (Shaker) With ( s - ~ )  (10- ) (%) 

10 Thompson 0.534 0.032 3.21x10-~ 5.31x10-~ 2 . lOxl0-~ 1.27 

Clay (-6%) 3.31 " 5.19 " 1.88 " 2.04 

3.26 " 4.94 " 1.68 " 2.77 

2.88 " 3.91 " 1.03 " 3.67 

2.26 " 3.18 " 0.92 " 4.20 

1.94 " 2.44 " 0.50 " 4.64 

15 Inuvik 0.833 0.013 8 . 1 0 x 1 0 - ~ ~  2.20x10-~ 9.23~10-l1 0.73 

Clay (-2%) 13.9 " 1.95 " 5.62 " 0.79 
0 2.32 " 2.32 " 0.82 

30 Ottawa 2.237 0.224 1.48x10-~ 8 . 6 6 ~ 1 0 - ~  7.18x10-~ 1.90 

Sand (-10%) 1.39 " 10.70 " 9.27 " 2.48 

2.84 " 14.9 " 12.06 " 3.50 

32 Ottawa 2.609 0.330 6.19x10-~ 10.3 x 1 0 - ~  4.10x10-~ 5.91 
Sand (12.6%) 2.47 " 9.94 " 7.47 " 7.84 

2.83 " 7.57 " 47.8 " 8.77 

junct ion;  t h e  amount is  h ighe r ,  t h e  c lo se r  a s soc i a t ed  with t h e  genera t ion  and 
t h e  temperature is t o  O°C and the  f i n e r  accumulation of point  de fec t s  (vacancies)  

t h e  gra in  s i z e  of t h e  s o i l .  This unfrozen and voids.  During cycl ing  more point  
water decreases t he  i n t e r p a r t i c l e  f r i c t i o n  de fec t s  a r e  formed than under s t a t i c  

s t r e s s ,  decreases t he  v i s c o s i t y  of t h e  s t r e s s  and these  could cause acce l e ra t ion  

s o i l ,  and provides paths f o r  d i f f u s i v e  of creep deformation. These vacancies and 

flow i n  t h e  s o i l .  The unfrozen water can voids a r e  nuclea ted  a t  g ra in  boundaries o r  

a l s o  migrate along t h e  p a r t i c l e  i n t e r f a c e s  g ra in -pa r t i c l e  i n t e r f a c e s  due t o  s t r e s s  

from regions  of high s t r e s s  t o  those  of concentra t ions  and e l a s t i c  accommodation. 

low s t r e s s  and decrease  the  s t r eng th  of The f a i l u r e  p a t t e r n  under high temperature 
t h e  s o i l .  Input of mechanical energy, a s  c y c l i c  loading was a l s o  found t o  be 

i n  c y c l i c  loading,  could inc rease  t h e  d i f f e r e n t  from c l a s s i c a l  creep or f a t i g u e  
thermal energy i n  t h e  s o i l  by a h y s t e r e t i c  f a i l u r e s  i n  t h a t  cracks f r equen t ly  fo l low 

e f f e c t  and cause an inc rease  i n  t he  amount g ra in  boundaries and pa r t i c l e -g ra in  

of unfrozen water content.  In frozen i n t e r f a c e s .  It is  poss ib l e  t h a t  i n  f rozen 

s o i l s  it i s  probably t h i s  mechanism t h a t  s o i l s  voids  could be generated a t  t he  

acce l e ra t e s  creep during c y c l i c  loading,  
above the  threshold  s t r e s s .  In t h e  

present  experiments t h e r e  was a l s o  
evidence of an inc rease  i n  temperature of , - 2 . 0  I I I 

t h e  sample during cycl ing ,  a s  shown i n  
Figure  6 f o r  a sand sample. The dashed 

por t ions  of t h e  lower curve denote t h e  

per iods  of c y c l i c  s t r e s s i n g ,  and t h e  

corresponding temperatures,  measured by a 
thermocouple embedded i n  t h e  middle of t h e  

*/-x-- 

I t e s t  specimen, a r e  shown i n  t h e  upper 
. : 
Z - ------- 

curve. In t h i s  t e s t  t he  c y c l i c  s t r e s s  was 
P 

appl ied  by a heavy e lec t ro-hydraul ic  
E 6 

shaker with a peak-to-peak load capaci ty  
", 5 

of 1360 kg. The temperature of t h e  t e s t  o 50  100 150 

specimen was found t o  i nc rease  by almost TIME,  h 
one degree during cycl ing .  

In many ma te r i a l s  such a s  metals and Fig. 6 E f fec t  of c y c l i c  s t r e s s  on 
ceramics, c reep a t  high temperature i s  temperature of f rozen sand. 
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i n t e r p a r t i c l e  junct ions  and cracks could 

be propagated along t h e  in t e rphase  
boundary regions  where unfrozen water 
could be present .  In unfrozen s o i l  
ma te r i a l s ,  t h e  c y c l i c  creep e f f e c t  i s  more 

complicated due t o  t h e  i n f luence  of water ,  

but c y c l i c  creep has been found t o  
decrease with i nc reas ing  load cycle  and 
moisture content  due t o  consol ida t ion  

(Holubek, 1969; 1970). 

The input  of thermal energy caused by 
mechanical cycl ing  and t h e  amount of 

unfrozen water produced can be roughly 
ca lcula ted .  The electrodynamic shaker has 

a f o r c e  r a t i n g  of 133 N with a maximum 
s t roke  c a p a b i l i t y  of 159 m (6.25 i n )  peak 
t o  peak. If  we use  t h e  rms value of peak 
f o r c e  and 50% of s t r o k e  a s  t h e  opera t ing  

l e v e l ,  t h e  mechanical energy input  per 
cycle  i s  0.707 x 133 x (15.912) x lo5 
dyne-cm, which is approximately equal t o  
7.5 j ou le s  per cycle  o r  1.786 ca lo r i e s .  
This could cause mel t ing  of 1.786180 = 
2.23 x g of i c e  producing about 

0.024 cm3 of water. If  t h i s  water is 
assumed t o  be d i s t r i b u t e d  uniformly around 

t h e  s o i l  g r a ins  i n  a t e s t  specimen, i t  can 
be ca l cu l a t ed ,  us ing t h e  s p e c i f i c  g rav i ty  
of sand and t h e  moisture content  of t h e  

sample, t h a t  a l a y e r  of water of th ickness  

equal t o  100 A0 (10 N.m) w i l l  be formed. 

Not a l l  t h e  mechanical energy w i l l  be 
converted t o  thermal energy, and even i f  

only a f r a c t i o n  is converted t o  heat  t h a t  
w i l l  cause melting of i c e ,  s u f f i c i e n t  

unfrozen water w i l l  be formed i n  s eve ra l  

hundred cycles  t o  cause acce l e ra t ed  
viscous creep of t h e  f rozen s o i l  samples. 

Conclusions 

Creep r a t e  of f rozen s a t u r a t e d  sand 

and c l ays  under compressive loading was 
increased considerably  by superimposed 

a l t e r n a t i n g  s t r e s s e s  of amplitude up t o  
10% of t h e  mean s t a t i c  s t r e s s .  This could 

be a t t r i b u t e d  t o  t h e  i nc rease  i n  t h e  

amount of unfrozen water caused by 

t r a n s i e n t  thermal energy produced by 

mechanical cycl ing  of t h e  mater ia l .  Such 

inc reases  i n  creep r a t e s  caused by c y c l i c  
loading could reduce t h e  bear ing capaci ty  
of foundations i n  f rozen s o i l s ,  and could 

n e c e s s i t a t e  an inc rease  i n  t he  value of 

t h e  s a f e t y  f a c t o r  t o  be used i n  t h e  design 

of foundations i n  permafrost  a reas .  
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