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FROST AND FOUNDATIONS 

Elementary Conditions f o r  the Planning and Construction 

of Foundations i n  Areas with Winter Fros t  and Permafrost 

A .  Introduction 

The combination of f r o s t  and foundations has caused problems 

ever s ince  i t  ex is ted .  

In regions with old bui ld ing t r a d i t i o n s  most of these problems 

have been gradually solved, l a rge ly  by empirical  means. 

However, matters a r e  d i f f e r e n t  i n  the a r c t i c  regions, where 

building methods which had evolved under a considerably milder 

climate have been applied.  

In some cases t h i s  has worlced well, c h i e f l y  because the  founda- 

t i ons  were b u i l t  on s o l i d  rock whenever poss ible .  In other  cases  it 

has f a i l ed ,  p a r t i c u l a r l y  i n  a reas  with permafrost, where the  

perennia l ly  frozen s o i l  presented a s e r i e s  of unknown problems. 

The problems have come t o  a head during the  pas t  20 years with 

the tremendous expansion of bui ld ing a c t i v i t y  i n  the  a r c t i c  regions. 

In order t o  solve these problems research was ca r r i ed  out  on a 

large  scale ,  e spec i a l l y  i n  Canada, Russia and the  U.S.A. A s  a 

r e s u l t  more l i t e r a t u r e  deal ing with both f r o s t  problems i n  general  

and permafrost problems In p a r t i c u l a r  i s  now ava i lab le .  The 

present  repor t  i s  based on some of these fore ign repor ts ,  pa r t i cu-  

l a r l y  on S. Muller ts  "~e rmaf ros t " ,  and on a number of Danish 

a r t i c l e s  deal ing with f r o s t  problems. 

Final ly ,  the  r e s u l t s  of p r a c t i c a l  experience obtained i n  

connection with the l a t e s t  Danish bui ld ing a c t i v i t y  i n  Greenland 

have a l s o  been included. - - I 

The repor t  i s  divided i n t o  th ree  main sect ions ,  the  f i r s t  of 

which (B)  gives a general  account of the nature of the  f r o s t  

problems. 

The second sec t ion  (.c), which has been wr i t t en  e spec i a l l y  f o r  

the  benef i t  of technicians charged w i t h  exploratory work f o r  large-  



s c a l e  bu i ld ing  p r o j e c t s ,  d e a l s  with pre l iminary  i n v e s t i g a t i o n s  and 

l a y s  dovm a nwnber of fundarwntal r u l e s .  

The t h i r d  s e c t i o n  ( D )  rnay be read independent of t h e  second 

s e c t i o n .  It conta ins  some simple r u l e s  f o r  des igning  foundat ions 

f o r  teniporary o r  small  permanent bu i ld ings  f o r  whicn i t  rrlay be 

impossible t o  cai-ry out  ex tens ive  pre l iminary  i n v e s t i g a t i o n s  and 

planning i n  each i n d i v i d u a l  case.  

B. Winter F r o s t  and Pel-mafrost 

I. D e f i n i t i o n  and Denth 

S o i l  strata ( o r  bedrock), which f r e e z e  i n  winter  and thaw i n  

sunmer, a r e  genera l ly  k n o w  as a c t i v e  l a y e r s .  I n  t h e  f rozen  s t a t e  

they  a r e  r e f e r r e d  t o  as winter  f r o s t  i n  t h e  p r e s e n t  r e p o r t .  

S o i l  strata ( o r  bedrock) which have been f rozen  permanently 

throughout many years  a r e  r e f e r r e d  t o  by t h e  common term permafrost .  -- 
Unless t h e  ground su r face  is covered with snow o r  i c e  t h e  yea r  

round, t h e r e  is always an a c t i v e  l a y e r  between t h e  permafrost  and 

t h e  ground su r face .  

Winter f r o s t  extends over  a l l  t h e  regions  where t h e  winter  

temperature i s  below f reez ing .  The depth of t h e  win te r  f r o s t  

v a r i e s  between 0.2 and 4.0 m, depending on temperature condi t ions ,  

vegeta t ion  cover,  na ture  of t h e  s o i l ,  e t c .  

Permafrost i s  l inked with t h e  a r c t i c  r eg ions  i n  p a r t i c u l a r  

( I ? .  1). A y e a r l y  average a i r  temperature of l e s s  than  o O C  i s  

e s s e n t i a l  f o r  t h e  formation and p r e s e r v a t i o n  of permafrost .  

Most e x i s t i n g  permafrost  formed from 2 t o  10,000 yea r s  ago, 

bu t  because of  changes i n  t h e  c l imate  t h e  permafrost  a r e a s  a r e  

cont inuously i n c r e a s i n g  and decreas ing  i n  e x t e n t .  

I n  Greenland permafrost  e x i s t s  under t h e  ice-cap. North of  

approxinlately t h e  66th degree of  l a t i t u d e  p e r r e f r o s t  i s  a l s o  

encountered i n  t h e  ' i c e - f r e e  r eg ions .  Even i n  t h e  more s o u t h e r l y  

l i t t o r a l  reg ions  pa tches  of permafrost  a r e  found here  and t h e r e .  

Pernlafrost a r e a s  need n o t  c o n s i s t  of continuous l a r g e  s t r e t c h e s .  

In regions where t h e  y e a r l y  average a i r  temperature i s  only  j u s t  



below o°C small patches of perniafrost a r e  found a l t e r n a t i n g  with 

a reas  t h a t  a r e  f r e e  of permafrost. 

The depths of permafrost l aye r s  vary between approximately 

1 metre a t  the  edges of the  permafrost a reas  and seve ra l  hundred 

metres i n  the  coldes t  zones. A t  c e r t a i n  po in t s  along the northern 

coas t  of S ibe r i a  thiclcnesses of permafrost up t o  approximately 400 

metres have been measured (Fig .  2 ) .  

Destruct ive Action 

( a )  General 

It rriay be assumed t h a t  the main f ea tu re s  of the  problems 

connected with winter  f r o s t  a r e  genera l ly  known. They a r c  nlentloned 

here merely f o r  the  sake of completeness and a l s o  because problems 

of permafrost normally cannot be d e a l t  with independently of those 

of winter f r o s t .  

Winter f r o s t  and permafrost have c e r t a i n  problems i n  comnlon. 

Some of these problems a r e  spec i a l .  However, corlmion t o  a l l  the  

problems i s  the f a c t  t h a t  they a r e  due t o  t he  moisture ( o r  i c e )  

content of the  s o i l  strata and t h a t  they a r i s e  on t r a n s i t i o n  from 

the frozen t o  the thawed s t a t e  o r  from the  thawed t o  the frozen 

s t a t e .  

Therefore it i s  only na tu ra l  t o  descr ibe  the  problems caused 

by f reez ing  separa te ly  from those due t o  thawing. 

( b )  Freezing 

then water f reezes  i t s  volume increases  by approximately 10 

percent,  and when s o i l  l aye r s  containing moisture f reeze  t h e  e n t i r e  

l ayer  correspondingly increases  i n  volume unless  the  volume of 

voids i s  so g rea t  t h a t  it can hold the  no i s tu re  content  i n  the  

frozen s t a t e .  

For example, i f  t he  s o i l  l aye r s  a r e  sa tu ra ted  with a moisture 

content of say 20 percent  of the  t o t a l  volunie, f reez ing  w i l l  r e s u l t  

i n  approximately a 2 percent  increase  i n  volume. 

However, the  increase  i n  volume of the s o i l  layers ,  which 

norli~ally manifests i t s e l f  i n  heaving of the  ground, i s  of t en  much 

g rea t e r .  



This behaviour can b e s t  be understood by stu&*,ring t hz  condi- 

t i o n s  of  i c e  formation. Idhen t h e  first  i c e  c r y s t a l s  form (normally 

i n  t he  su r face  l a y e r )  they  tend t o  a t t r a c t  much of t he  surrounding 

moisture and by means of t he  c r y s t a l l i z i n g  fo rce  introduce it i n t o  

the  c r y s t a l  l a t t i c e ,  and i f  t h e  c a p i l l a r y  fo r ce s  a r e  s u f f i c i e n t l y  

g r e a t  t he  moisture they  withdraw w i l l  be replaced by absorpt ion  of 

moisture from any lower-lying water r e se rves  t h a t  may be ava i l ab l e .  

The f a c t  t h a t  t he  moisture i n  t he  narrower c a p i l l a r y  tubes f r e eze s  

only a t  temperatures below oOC f u r t h e r  prornotes t he  movement of  

water. 

I n  the  absence of any obs t ruc t ion  a quan t i t y  of  water then 

s t e a d i l y  flows t o  the  bottom of the  c r y s t a l  and the  l a t t e r  i nc r ea se s  

i n  th ickness .  Under "favourable" condi t ions  c lear ly-def  ined i c e  

concentrat ions,  so-cal led i c e  lenses ,  which may be up t o  h a l f  a 

metre i n  th ickness  and s eve ra l  metres i n  diameter,  a r e  obtained.  

The increase  i n  volume takes  p lace  i n  the  d i r e c t i o n  of  l e a s t  r e s i s t -  

ance, which normally means upwards. 

I n  coarse s o i l  types (sand and f i n e  sand)  t he  c a p i l l a r y  r i s e  i s  

so  neg l i g ib l e  t h a t  the  c r y s t a l l i z a t i o n  comes r ap id ly  t o  a s t a n d s t i l l  

because of i n s u f f i c i e n t  water supply. A corresponding behaviour can 

be observed i n  l aye r s  of  pea ty  s o i l s .  

The c a p i l l a r y  r i s e  i n  medim-fine s o i l  types  (coarse  s i l t  and 

medium-coarse s i l t )  i s  so  g r e a t  t h a t  they  can absorb moisture from 

a depth of between 1 o r  2 metres. A t  t h e  same time t he  permeabi l i ty  

( t o  water) i s  r e l a t i v e l y  g rea t ,  s o  t h a t  t he  condi t ions  f o r  adequate 

flow t o  the  f r e ez ing  zone a r e  favourable.  

In f i n e  s o i l  types ( f i n e  s i l t  and c l a y )  t h e  c a p i l l a r y  r i s e  i s  

very g rea t ,  bu t  t he  permeabi l i ty  i s  so  s m a l l  t h a t  the  c r y s t a l l i z a -  

t i o n  i s  only s l i g h t  before the  f r o s t  i s  forced  dorm beneath the  

c r y s t a l  and blocks t he  movement of  moisture.  

A s  i s  evident  from what has been s a i d  above, f r o s t  heaving i s  

of t he  g r e a t e s t  inlportance f o r  s o i l  l aye r s  cons i s t i ng  of coarse s i l t  

and medium-coarse s i l t  and where these  s o i l  l aye r s  conta in  a g r e a t  

d e a l  of moisture o r  a r e  simply water-bearing, severe f r o s t  heavings 

of t h e  ground ( 5  t o  50 cm) rnay be expected. 



Since the  adfreezing fo rce  of frozen s o i l  t o  wood and concrete  

is  g rea t  (approximately 2 t o  20 kg/cr2) ,  foundations i n  f r o s t -  

suscep t ib le  s o i l s  a r e  sub jec t  t o  corresponding heaving unless  they 

a r e  heavi ly  loaded o r  unless  s p e c i a l  s t e p s  a r e  talcen t o  anchor them. 

When the  a c t i v e  l aye r  thaws i n  sp r ing  the s o i l  w i l l  noimally 

subside a s  much a s  it heaved during winter,  whereas the  foundations 

f requent ly  renlain more o r  l e s s  displaced (Fig.  3 ) ,  one of the  

reasons being t h a t  when thawing begins the  foundation is  re ta ined  

by the  lowest p a r t  of t he  ac t i ve  l ayer ,  which i s  s t i l l  frozen.  I n  

t h i s  way t he  annual disp1acei:ients can accun~ulate  so t h a t  the  founda- 

t i o n  can l i t e r a l l y  be l i f t e d  up through the  s o i l .  

I c i n ~  i s  another  problem i n  connection with t h e  f r eez ing  of 

the  a c t i v e  l ayer .  It i s  a genera l  term f o r  t he  formation of i c e  

masses tvhere water flows out  a t  the  ground surface  during the  winter .  

then the  ground surface  i s  frozen, moisture flows s t e a d i l y  

under the f rozen c ru s t ,  bu t  i f  the  a c t i v e  l aye r  i s  under la in  by 

s o l i d  rock o r  perraafrost the  water-bearing l a y e r  i s  gradual ly  

reduced a s  the  f r o s t  pene t ra tes  deeper. Because of t he  more 

r e s t r i c t e d  space the  water i s  subjected t o  pressure  which may become 

so  g r ea t  t h a t  the  water fo rces  i t s  way t o  the  su r face  (Fig.  4 ) .  

The condit ions f o r  i c i n g  a r e  optinlum tvhere: 

( 1 )  the  a c t i v e  l aye r  i s  water bearing, 

( 2 )  the  l i n e  of permafrost o r  rock i s  close  t o  the  ground 

surface  and 

( 3 )  the  a i r  temperature i s  low and the  snow cover i n  e a r l y  

winter  is th in .  

The snow cover, moreover, has a dec i s ive  e f f e c t  on the  tirne 

when i c i n g  f i rs t  appears.  A t h i n  snow cover rneans e a r l y  i c i n g  and 

a t h i ck  one l a t e  i c ing .  

Heated houses, t ~ i ~ e r e  t he  heat  from the  house maintains a gap 

i n  the  frozen c ru s t ,  c o n s t i t u t e  a s p e c i a l  i c i n g  hazard. The 
I1 pressure water" which i s  of t en  supercooled, then seeps up through 

t h i s  gap ( ~ i g .  5) .  In  Alaska and S i b e r i a  t he r e  a r e  inany ins tances  

of houses becoming l i t e r a l l y  f i l l e d  with i c e .  



( c  ) Thawing 

In the  frozen s t a t e  s o i l  conta in ing i c e  has considerable bear- 

i ng  power and cohesive energy. The i c e  cements the  ind iv idua l  

gra ins  i n  such a way t h a t  the  f rozen l aye r s  have almost t he  charac- 

t e r  of sandstone. 

However, when a s o i l  l aye r  i s  thawing the  i c e  c o n s t i t u t e s  t he  

weak member. If the  i c e  has assumed a g r e a t e r  volume than t h a t  

which corresponds t o  the  volume of voids and the  underlying s o i l  

l ayer  cons i s t s  of s o l i d  mater ia l ,  t h i s  w i l l  r e s u l t  i n  g r e a t e r  o r  

smaller  se t t lements  of the  top  s o i l ,  and foundations may subside 

with i t .  In o the r  words, t h e  s o i l  l aye r  i n  quest ion i s  s e n s i t i v e  

t o  thawing. 

In the case of coarse-grained s o i l s  se t t l ements  occur only if 

the  i c e  i t s e l f  melts  away, but  i n  the  case of f ine-grained s o i l s  

water and s o i l  j o i n t l y  forin a p l a s t i c  mass, which i s  displaced on 

account of t he  pressure  exer ted  by the  foundation. 

( 1 )  In the  case of winter  f r o s t  the  hazards from thawing a r e  a 

d i r e c t  r e s u l t  of t h e  type of f r eez ing  so  t h a t  t he  condi t ions  f o r  

s e n s t i v i t y  thawing a r e  the  same those s t a t e d  above ( l aye r s  

medium-fine s o i l s  containing mois ture) .  

( 2 )  In the  case of permafrost the  poss ib le  s e n s i t i v i t y  t o  

thawing cannot be predic ted  from the  composition of the  s o i l .  The 

condit ions under which the  l aye r s  i n  ques t ion  f r eeze  a r e  e s s e n t i a l l y  

d i f f e r e n t  fro111 those f o r  winter  f r o s t .  If f r eez ing  takes  p lace  

gradual ly  ( i . e .  over s eve ra l  years), l a rge  i c e  concentrat ions may 

r e a d i l y  be encountered i n  both the  f i n e s t  grained s o i l s  ( s i l t s  and 

c lay)  and the coarses t  grained gravel .  I ce  concentra t ions  may a l s o  

be assunled t o  have formed where the  permafrost l aye r s  have cracked 

r i g h t  up t o  the  a c t i v e  l ayer ,  e .3.  because of tenpera ture  changes. 

In explora tory  digging o r  bor ing the  i c e  content  may be determined 

a f t e r  melt ing s o i l  samples frorn the  p e r ~ ~ l a f r o s t  l ayers .  Frequently 

the  i c e  content i s  many tinies g r e a t e r  than the  content  of s o l i d  

mate r ia l s .  It i s  c l e a r  t h a t  thawing of these  permafrost l aye r s  w i l l  

r e s u l t  i n  l a rge  s e t t l e~ l i en t s  and corresponding damage t o  over ly ing 

rrm-made s t r u c t u r e s .  



The danger of l ands l ides  p resen t s  another  problem i n  connection 

with the  thawing of frozen soi l .  l ayers .  

A s  mentioned above, when a  frozen s o i l  which cons i s t s  of f i ne -  

grained mate r ia l s  mixed with i c e  thaws, it t u rn s  i n t o  a p l a s t i c  

mass. On a slope t h i s  may produce s l i d i n g  of t he  s o i l  l aye r s  with 

d i s a s t rous  r e s u l t s .  

These s l i d e s  a r e  p a r t i c u l a r l y  prevalent  I n  permafrost a r e a s  

because the  a c t i v e  l aye r  f requen t ly  conta ins  a g r e a t  dea l  of mois- 

t u r e  immediately above t he  permafrost layer ,  so t h a t  a l u b r i c a t i n g  

l ayer  i s  obtained a t  the  p e r n ~ a f ~ o s t  t a b l e .  

It should a l s o  be remembered t h a t  thawing of t h e  top  l aye r  of 

pe r~naf ros t  ( a s  a  r e s u l t  of excavations,  hea t  t r a n s f e r  from houses, 

e t c  . ) may cause l ands l ides ,  r egard less  of t he  - f a c t  t h a t  the  

e x i s t i n g  a c t i v e  l aye r  c o n s i s t s  of d ry  and s t a b l e  mate r ia l .  

C . Pre li lninary Inves t iga t ions  and Fundamental Rules 

I. Pre l i r i~inary Inves t iga t ions  

A s  i s  evident  from the  preceding sec t ions ,  t he  damage r e s u l t i n g  

from frozen s o i l  l a rge ly  depends on t he  th ickness  of the  a c t i v e  

l ayer ,  the  conlposition of the  various s o i l  types and the  supply of 

moisture. The s tudy of these  condi t ions  fa l ls  n a t u r a l l y  under the  

two headings of s o i l  i nves t i ga t i ons  and surface  i nves t i ga t i ons .  

( a )  S o i l  inves t iga t ions  

The thiclcness of t he  a c t i v e  l a y e r  can be determined i n  a 

r e  l a  t ive  l y  simple way. 

( 1 )  The simplest  way of determining t he  thickness of the  a c t i v e  

l ayer  i n  a reas  with winter  f r o s t  only i s  by explora tory  digging 

( b l a s t i n g )  a t  the  end of the winter  a t  the  tirne of m a x i m u m  penetra-  

t i o n  of t he  s o i l  by t he  f r o s t .  

In  genera l  it  may be s a i d  t h a t  the  f r o s t  pene t ra tes  most deeply 

i n t o  the  s o i l  i n  a reas  where the  winters  a r e  long and cold.  In  

a reas  having these teniperature condi t ions  the  f r o s t  pene t ra t ion  is  

g r e a t e s t  i n  coarse-grained and d ry  s o i l  l aye r s  having no vegeta t ion  

cover. This pene t ra t ion  i s  only s l i g h t  i n  f ine-grained,  moist s o i l  

l aye r s  with a  vegeta t ion  cover.  



( 2 )  In a r e a s  vrith permafrost  t h e  th ickness  of t h e  a c t i v e  l a y e r  

i s  determined by exp lo ra to ry  d igging  a t  t h e  end of  the  swruner when 

thawing i s  a t  i t s  rnaximurriJC. Ins tead  of exp lo ra to ry  digging, 

explora tory  bor ing  o r  hand d r i l l i n g  with a round i r o n  bar ,  vhich 

may be dr iven  I n  vrith a hanlrner, may be c a r r i e d  o u t .  

BJl1e.n exp lo ra to ry  bor inc  ( o r  d r i l l i n g )  i s  c a r r i e d  out  i n  a r e a s  

where t h e  a c t i v e  l a y e r  conta ins  rock, c a r e  must be taken not  t o  

confuse l a r g e  p ieces  of rock with t h e  permafrost  t a b l e .  IIovrever, 

with the  t e s t  d r i l l  ( o r  probing rod)  heav i ly  loaded and depe~iding 

on t h e  type of d r i l l ,  it  should be poss ib le  t o  d r i v e  doim some 

d i s t ance  i n t o  the  permafrost  u n t i l  t he  permafrost  adheres  t o  t h e  

d r i l l  ( o r  probing r o d ) ,  malcing it d i f f i c u l t  t o  t u r n .  If a p iece  of 

rock i s  h i t ,  t he  d r i l l  norr~lally can be turned round f r e e l y ,  regard- 

l e s s  of t h e  load and when a blow i s  strucl:  on a probing rod r e s t i n g  

on a p iece  of rock a d i s t i n c t  m e t a l l i c  sound i s  heard.  

Generally it may be s a i d  t h a t  thawing depths a r e  g r e a t e r  where 

the  summer i s  r e l a t i v e l y  long and v r a r m .  I n  a r e a s  with such tenlpera- 

t u r e  condi t ions  thawin= i s  g r e a t e s t  i n  coarse-grained and d ry  s o i l  

l a y c r s  having no vege ta t ion  cover and only  s l i g h t  i n  f ine-grained,  

moist s o i l  l a y e r s  vrith a vegeta t ion  cover.  

The composition of t h e  d i f f e r e n t  s o i l  tyyes i s  determined by 

s i e v i n g  a r e p r e s e n t a t i v e  s e l e c t i o n  of sanples .  The s i e v e  s e t  used 

must include s i e v e s  of 2 t o  0.075 mli mesh s i z e s .  

I f  l e s s  than  20 pe rcen t  of t h e  sample passes  through a 2 nlm 

s ieve ,  the  f r o s t  s u s c e p t i b i l i t y  nay be ignored. If illore than 20 

percent  passes  through, a more d e t a i l e d  s tudy of  the  f r a c t i o n s  

having a g r a i n  s i z e  t2 mm i s  c a r r i e d  o u t .  

The f r o s t  s u s c e p t i b i l i t y  of t h e  s o i l  t~ype rnay be determined by 

riieans of  t h e  curves and no tes  i n  F ig .  6.  A s  can be seen from 

* For the  sake of c o m ~ l e t e n e s s  i t  must be mentioned t h a t  t h e  method 
i s  not 100 pcrceil'c r e l i a b l e ,  s i n c e  a t  t h e  edves of permafrost  
x e a s  p e r e n n i a l l y  tha:rcd l a y c r s  ( i n  Eussian ' ta l ik"  = thawed 
s o i l )  n:ay be enco~ultered between the  permafrost  and t h e  a c t i v e  
y e .  ILo~~cver, t h i s  conei  Lion i s  n o r ~ ~ ~ a l l y  ~ r i t h o u t  p r a c t i c a l  
irr~portance . 



Pig.  6, the  por t ion  v ~ l ~ i c h  passes  through t h e  s i eve  of 0.074, nun mesh 

s i z e  i s  of prime i n t e r e s t  here.  However, t h i s  por t ion  cannot be 

determined i n  the  conventional tray by shaking t he  s i eves .  Instead,  

r i n s i n g  under running water i s  necessary i n  t he  fol lowing manner: 

" ~ f t e r  drying t he  s o i l  sample, ma te r i a l  having g r a in  s i z e s  

>2 mm i s  sor ted  ou t .  The reniainllng po r t i on  of t he  sample i s  weighed 

and placed on the  0.075 mnl s ieve ,  where it i s  c a r e f u l l y  r insed  f o r  

approximately f i v e  minutes. By drying and weighing again  t he  per-  

centage of t h e  f r a c t i o n s  <2 rnrn which have d ( i . e .  the  g r a i n  

diameter)  < 0.075 mm i s  determined. 

If the  percentage i s  smal ler  than 5, the  sample i s  of a type 

of s o i l  not  f ros t - suscep t ib le .  

If the  percentage i s  between 5 and 35, i t s  f r o s t  s u s c e p t i b i l i t y  

must be deterrilined fro111 the  g r a i n  curve f o r  a l l  t h e  f r a c t i o n s  € 2  mm 

( c f .  note i n  Fig. 6 ) .  

If t h e  percentage is  g r e a t e r  than 35, t he  sa~tiple r epresen t s  

a t~ype of s o i l  which i s  f r o s t - s u s cep t i b l e  under a l l  condit ions."  

If t h e  above t e s t s  i nd i ca t e  a border l ine  case of f r o s t  

s u s c e p t i b i l i t y ,  then t he  mate r i a l  must e i t h e r  be considered f r o s t -  

suscep t ib le  ( t o  be on the  s a f e  s i d e ) ,  o r  t he  dec i s ion  must be l e f t  

t o  a s o i l  mechanics s p e c i a l i s t .  

The moisture content  of t h e  s o i l  is  determined by explora tory  

digging o r  boring, p re fe rab ly  d i r e c t l y  before t h e  f r o s t  s e t s  i n .  

The moisture content  of  s o i l  samples may be determined e i t h e r  by 

drying o r  from observat ion of t h e  anlount of  water running i n t o  t h e  

borehole. 

The excess of  i c e  i n  a f rozen  s o i l  sample and hence i t s  

s e n s i t i v i t y  t o  thawing is de t emined  by thawing; i t  i n  a graduated 

g l a s s  vesse l .  The f r e e  water on top  of  t h e  s o i l  ma te r i a l  provides 

a c r i t e r i o n  of  t he  se t t lement  t h a t  may be expected when the  s o i l  

l ay e r  i n  quest ion thaws. 

To form an idea  as t o  whether a s o i l  l aye r  w i l l  flow o r  s l i d e  

a f t e r  thawing, sarnples of f rozen s o i l  can be thawed and d r i ed  on a 

hot  pan. If the  s m p l e  runs,  t he  s o i l  l aye r  i s  s e n s i t i v e  t o  thaw- 

i n g  but  i f  t h e  water from melt ing rurls f r e e l y  from the  sample with- 



o u t  being nixed with the  s o i l  ma te r i a l ,  t he  s o i l  l a y e r  i n  ques t ion  

w i l l  probably be s t a b l e .  

In  s tudying the  conlposition of perr~iafrost  only  the  top  l a y e r  

can be examined un less  s p e c i a l  d r i l l i n g  equipment i s  a v a i l a b l e .  It 

n u s t  be remembered, moreover, t h a t  no i n f  orrtation can be obtained 

on the  deeper l aye r s ,  nor  on t h e  th ickness  of the  permafrost .  

However, these d a t a  a r e  no t  very important i n  any case  as long as 

t h e  permafrost  i s  thawed as l i t t l e  as p o s s i b l e  when a s u i t a b l e  

foundat ion i s  chosen. A s  mentioned above, i n  the  undisturbed s t a t e  

perrilaf r o s  t i s  e:ctremely s t a b l e  and has g r e a t  bear fng  capac i ty .  

( b  ) Surface i n v e s t i g a t i o n s  

A l l  t h e  above pre l i l~ l i l ia ry  i n v e s t i g a t i o n s  r e q u i r e  p e n e t r a t i o n  

of the  growid sur face ,  b u t  much va luable  d a t a  may a l s o  be obtained 

f roni su r face  observat ions  and measurements . 
A vigorous vegeta t ion  i n d i c a t e s  t h a t  t h e  moisture content  of 

the  a c t i v e  l a y e r  is high and t h a t  a corresponding s u s c e p t i b i l i t y  

t o  f r o s t  a c t i o n  e x i s t s  i f  t h e  a c t i v e  l a y e r  con ta ins  coarse  and 

medium-coarse s i l t .  Low l y i n g  graos- tuf ted  and patchy s t r e t c h e s  of 

p l a i n  are c h a r a c t e r i s t i c  i n  t h i s  r e s p e c t .  

In t y p i c a l  per1,lafrost a r e a s  a vigorous vege ta t ion  a l s o  

i n d i c a t e s  a high permafrost  t a b l e .  I f  t h e  vege ta t ion  i s  c lea red  we 

can expect  the  perniafrost  t a b l e  t o  be lolvered apprec iably .  

In t r a n s i t i o n a l  a r e a s  ( i . e .  a r e a s  with sporadic  p e r ~ n a f r o s t  ) a 

moist l a y e r  of vegeta t ion  o f t e n  i n d i c a t e s  t h e  absence of permafrost  

at  t he  p a r t i c u l a r  l o c a t i o n .  ( sporad ic  permafrost  i s  f r e q u e n t l y  

r e s t r i c t e d  t o  r e l a t i v e l y  d r y  a r e a s  c o n s i s t i n g  of f ine-gra ined  

riiaterial ) . 
In loose s o i l  l a y e r s  which a r e  n o t  under la in  by continuous 

s o l i d  rock i n  o r  d i r e c t l y  underneath t h e  a c t i v e  l a y e r ,  t h e  occur- 

rence of i c i n g  w i l l  i n d i c a t e  the  presence of p e r ~ l a f r o s t .  I f  t h e  

i c i n g  zppears i n  e a r l y  winter ,  tlie permafrost l e v e l  i s  high, bu t  if 

i t  appears only towards the  end of winter ,  t h e  permafrost  l e v e l  w i l l  

norr!lally be lower. 

A s  nlentioi?ed above, f r o s t  s u s c e p t i b i l i t y  shol.~s i n  the  heaving 

of the ground i n  winter .  Such heaving i s  f r e q u e n t l y  heterogeneous 



and thus  r e s u l t  i n  a separa t ion  of ma te r i a l ,  s i n c e  t h e  coarse rock  

m a t e r i a l  i s  pushed froril t he  s p o t s  tlhere t h e  ground heaves most t o  

spo t s  where i t  heaves l e a s t .  I n  t h i s  way rock m a t e r i a l  c o l l e c t s  i n  

c h a r a c t e r i s t i c  polygons which a r e  a c l e a r  i n d i c a t i o n  of f r o s t  

s u s c e p t i b i l i t y .  

An exact  idea  of poss ib le  f r o s t  heaving may be obtained by 

l e v e l l i n g  a f i e l d  at  t h e  end of summer and winter .  The l e v e l l i n g  

must of course be r e f e r r e d  t o  a p o i n t  rvllich i s  d e f i n i t e l y  no t  

a f f e c t e d  by f r o s t  heaving. 

The hea t  of t h e  sun has a very g r e a t  e f f e c t  on t h e  l e v e l  of 

the  permafrost .  Sunny a r e a s  ( sou th  s l o p e s )  have the  permafrost  

t a b l e  a t  r e l a t i v e l y  g r e a t  depth but  i n  shaded a r e a s  ( n o r t h  s l o p e s )  

t h e  permafrost  t a b l e  i s  high. 

\ h e n  bu i ld ings  a r e  e r e c t e d  a corresponding lowering of t h e  

permafrost  t a b l e  nay be expected along t h e  south faqade where t h e  

s u n ' s  rays  a r e  d e f l e c t e d  t o  the  ground, but  as a r u l e  t h e  perma- 

f r o s t  t a b l e  r i s e s  a long the  shaded n o r t h  faqade ( ~ i g .  7 ) .  

In v~11at follovrs, c e r t a i n  f u n d ~ ~ e n t a l  r u l e s  a r e  given f o r  

designing fou i~da t ions  f o r  bu i ld ings  i n  a r e a s  with win te r  f r o s t  and 

permafrost .  

( a )  l l i n t e r  f r o s t  a r e a s  with no permafrost  

If  t he  r.:intel- f r o s t  i s  no t  under la in  by p e r n ~ a f r o s t ,  problems 

a r e  er-countered only  v~here t h e  a c t i v e  l a y e r  c o n s i s t s  of m a t e r i a l s  

which conta in  water and which a r e  f r o s t - s u s c e p t i b l e .  

The foaqdat ion problems nay norr:,ally be solved by t a k i n g  one 

of t h e  follovring s t e p s .  

(1) The anchoring of t h e  foundat ion coupled with t h e  dead 

weight of the  bu i ld ing  can counterac t  t h e  f r e e z i n g  f o r c e s .  I f  t h e  

foundation r e s t s  on bedrock i t  may be anchored with b o l t s .  

Anchoring i n  loose s o i l  l a y e r s  may be c a r r i e d  o u t  with p i l e s  o r  

r e in fo rced  p i e r s  which 121ust be sunk below t h e  ground t o  a t  l e a s t  

t h r e e  t i n e s  the  thiclcness of t h e  a c t i v e  l a y e r .  



( 2 )  The f r o s t  s u s c e p t i b l i t y  ]nay be e l iminated  by d r a i n i n g  t h e  

a r e a  and then f i l l i n g  i n  inmediately ad jacen t  t o  t h e  foundat ions 

with coarse ina ter ia l .  Wherever p o s s i b l e  a l a y e r  of asphal ted  f e l t  

paper should be placed between t h e  coarse m a t e r i a l  used as a f i l l  

and the  ad jacen t  s o i l  l aye r ,  which i s  s u s c e p t i b l e  t o  f r eez ing ,  i n  

o rde r  t o  prevent  gradual  encroachment by f i n e  sand and s i l t  ( ~ i g .  8). 

( 3 )  By conducting s u f f i c i e n t  h e a t  from t h e  b u i l d i n g  t o  t h e  

underlying and adjacent  s o i l  l a y e r s  these  may be kept  i n  a s t a t e  of 

pe renn ia l  thaw (P ig .  9). I f  thc  bu i ld ing  has rooms below ground, 

i t  must be rerrlenlbered t h a t  these  w i l l  f r e q u e n t l y  be flooded u n l e s s  

t h e  a r e a  i s  dra ined .  

Of course,  it niust f i r s t  be determined whether t h e  s o i l  l a y e r s  

on v~hich t h e  foundat ions r e s t  can withstand t h e  p ressu re  from t h e  

foundat ions.  This  i s  a' p r e r e q u i s i t e  f o r  a l l  t h e  above methods. 

I c i n g  rnay occur i n  t h e  case of l a y e r s  o f  loose  s o i l  with under- 

l y i n g  bedrock i n  o r  d i r e c t l y  below t h e  a c t i v e  l aye r .  For  s t e p s  

taken t o  counterac t  i c i n g  the  r e a d e r  i s  r e f e r r e d  t o  po in t  P In  t h e  

next  s e c t i o n .  

( b )  Permafrost a r e a s  

In permafrost  a r e a s  t h e  problems a r e  d iv ided  i n t o  t h r e e  groups: 

(a) f r o s t  s u s c e p t i b i l i t y  i n  t h e  a c t i v e  l a y e r ,  

( B )  ic ing ,  

( y ) thatring of pernlafrost l a y e r s .  

(a) P r o s t  s u s c e p t i b l i t y  i n  the  a c t i v e  l aye r .  Analogous t o   hat 

has  bee11 s a i d  above, the  f r o s t  s u s c e p t i b i l i t y  may be c o n t r o l l e d  by 

one of t h e  fol lowing t h r e e  ways: 

( 1 )  By anchoring t h e  foundat ions i n  t h e  underlying permafrost  

l a y e r .  The depth t o  which the  foundation must be sunk i n t o  t h e  

perrrlafrost dcpcnds on the  shape of  the  foundat ion.  Smooth p i l e s  

should be sunk below t h e  ground froin 2.5 t o  3 t imes t h e  th ickness  

of the  a c t i v e  l a y e r .  

The p i l e s  a r e  d r iven  a f t e r  ho les  have been thawed i n  t h e  perma- 

f r o s t  with a steam j e t .  No load should be appl ied  t o  the  p i l e s  

before they  a r e  conlplctely f rozen  i n ,  i . e .  not  u n t i l  12 t o  3 months 

a f t e r  d r i v i n ~  (Fig. 1 0 ) .  



( 2 )  The f r o s t  s u s c e p t i b i l i t y  can be e l iminated  by d ra in ing  t he  

a r ea  around t he  foundation, poss ib ly  suppleraented by f i l l i n g  with 

coarse mate r i a l .  I 'herever poss ib le ,  a l a y e r  of asphal ted  f e l t  

paper should be placed b e t m e n  t he  f i l l  and t he  ad jacen t  s o i l  l a y e r  

vrhich i s  sub jec t  t o  f r o s t  a c t i o n  i n  o rde r  t o  prevent  gradual  

encroachrxent by f i n e  sand and s i l t .  

( 3 )  A t  the  boundary of perniafrost a reas ,  where t h e  permafrost  

l aye r  may be very t h i n  (approximately 1 n i ) ,  t h e  l a t t e r  itlay be 

thawed and toge the r  with t he  a c t i v e  l aye r  (which i s  f ros t - suscep t i -  

b l e )  may be kept  i n  a s t a t e  of thaw wit11 hea t  from t h e  bu i ld ing  

( I ? .  1 ) .  The thawing rilust talce p lace  before  t he  foundat ion i s  

s t a r t e d  and i t  n u s t  be c e r t a i n  t h a t  t h e  thawed l a y e r  i s  s t a b l e  with 

respec t  both t o  t h e  p ressure  from the  foundat ion and t h e  danger of 

l ands l ides .  

The above method must no t  be appl ied  under any circumstances 

where t he  permafrost l a y e r  i s  of g r e a t e r  thickness,  s i n c e  t he  thaw- 

i ng  obtained may be uncontro l lable ,  with inca lcu lab le  conscquences 

f o r  the  s t a b i l i t y  of t he  foundat ions.  

( p )  Ic ing .  I c i ng  underneath bui ld ings  can normally be avoid- 

ed, i f  care  Is taken t o  ensure t h a t  t he  underlying s o i l  l a y e r s  

f r eeze  at  the  same time as the  ad jacen t  ground. 

This is  achieved by v e n t i l a t i n g  vigorously with f r e s h  air  

underneath t h e  house and by niaking su re ,  by e f f e c t i v e  i n su l a t i on ,  

t h a t  no hea t  i s  supplied frorn the  bu i ld ing  t o  t h e  underlying s o i l  

l aye r .  

( y )  Thawing of t he  pcrnmafrost l aye r s .  Thawing of  t he  perma- 

f r o s t  l aye r s  should be prevented as f a r  as poss ib le .  By p rops r  

i n s u l a t i o n  of t he  bui ld ings  ( e s p e c i a l l y  t he  f l o o r s )  and by permit-  

t i n g  adequate c i r c u l a t i o n  of f r e s h  a i r  between the  bu i ld ings  and 

t he  ground ( c f .  P )  changes i n  the  permafrost l e v e l  u sua l l y  w i l l  not  

be g r e a t .  Foundations on p i l e s  should be p r e f e r ab l e  t o  continuous 

foundations,  s i nce  t he  l a t t e r  conduct a r e l a t i v e l y  l a rge  amount of 

the  hea t  from both the bu i ld ing  and t he  sun down i n t o  the  s o i l .  

Further ,  as an a d d i t i o n a l  s a f e t y  measure, it may even be 

poss ib le  t o  r a i s e  the  permafrost l e v e l  by p l ac ing  an i n s u l a t i n g  m a t  



of g rave l  between the  o r i g i n a l  ground s u r f a c e  and t h e  house 

(FIG. 1 2 ) .  

For t h e  e r e c t i o n  of l a r g e r  high-cost  bu i ld ings  it i s  always 

necessary t o  determine f i r s t  whether t h e  top  permafrost  l a y e r  has  a 

high i c e  content .  I f  so,  s p e c i a l  measures must be talcen i n  o rde r  

t o  determined whether t h e r e  i s  a danger of lowering t h e  l e v e l  of 

the  permafrost  t a b l e  a f t e r  t h e  e r e c t i o n  of the  bu i ld ing .  

The foundat ion ( p i l e s )  rnzy be d r iven  so  f a r  down i n t o  t h e  

perrilafrost ( c f .  a, p o i n t  1 )  t h a t  s l i g h t  thaving  v i i t l i  ensuing s e t t l e -  

riient of the  o v e r l y i n s  s o i l  l a y e r s  w i l l  be unimportant.  

I f  s ink ing  the  foundat ions t o  such a depth i s  t o  be avoided, 

t h e  l a y e r  t h a t  i s  f r o s t - s u s c e p t i b l e  may i n s t e a d  be excavated t o  t h e  

maximurn depth of the  expected thawing 2nd replaced  by i c e - f r e e ,  

coarse m a t e r i a l  ( ~ i g .  12) .  

Iio~vever, the  l a t t e r  method i s  very cwnbersome and should be 

app l i ed  only i f  e f f i c i e n t  earth-worlcing machinery i s  a v a i l a b l e  and 

i f  i t  economizes on t h e  tirrie requi red  f o r  b u i l d i n g  t h e  foundat ions 

themselves. 

A s  mentioned above, i t  i s  e s s e n t i a l  f o r  a l l  perrnafrost founda- 

t i o n  work t h a t  t h e  perrnafrost be d i s tu rbed  as l i t t l e  as p o s s i b l e .  

This a l s o  r e f e r s  t o  the  execut ion of t h e  erorl: i t s e l f .  Excavating 

f o r  foundations should be confined t o  the  s ~ n a l l e s t  a r e a  p o s s i b l e  

( p o i n t  foundat ions) .  Fur ther ,  excavat ing and back f i l l i n g  should be 

c a r r i e d  o u t  wi th in  the  s h o r t e s t  p o s s i b l e  tirne . 
It i s  a l s o  d e s i r a b l e ,  bu t  r a r e l y  p r a c t i c a b l e ,  f o r  t h e  founda- 

t i o n  v~orlc t o  be executed the  yea r  before  t h e  a c t u a l  c o n s t r u c t i o n  

vrorlc i s  c a r r i e d  o u t  i n  o r d e r  t o  z ive  t h e  per1:lafrost t a b l e  time t o  

becorne s t a b i l i z e d  a f t e r  i t s  dis turbance  by t h e  foundat ion work. 

To the  g r e a t e s t  e x t e n t  p o s s i b l e  any rearrangenlent of t h e  ground 

should be c a r r i e d  o u t  by f i l l i n g .  A s  nlentioned above, i n  t h i s  way 

the  p e r ~ l a f r o s t  l e v e l  m a y  be r a i s e d ,  thus  funl is 'ning an a d d i t i o n a l  

niargir~ of s a f e t y  z g a i n s t  t h a t ~ l n c  of the  o r i g i n a l  pernlafrost  l a y e r .  

E x c a v a t i : ~ ~ ,  on the  o t h e r  hand, ~ ~ 1 1 1 -  r e s u l t  i n  thawing of t h e  

p e r n a f r o s t  l a y e r  on a minor o r  x a j o r  s c a l e ,  wj-th i n c a l c u l a b l e  conse- 

quences. The lorrering of the  permafrost  l e v e l  may extend over a 



long time, so  t h a t  se t t lement  of t he  ground, poss ib ly  with the  

bui ld ings  thereon, may occur many years  a f t e r  completion of t h e  

excavation work. 

The above condi t ions  should a l s o  be taken i n t o  account i n  t h e  

execution of earthworlcs i n  conjunct ion with the  cons t ruc t ion  of 

roads, runways, s p o r t s  grounds, e t c  . 

D.  Rules f o r  the  Designing of Permafrost Foundations 

I. General 

The design of bu i ld ing  foundations f o r  a r ea s  with only winter  

f r o s t  is  so  wel l  knovm t h a t  it i s  unnecessary t o  go i n t o  g r e a t e r  

d e t a i l  here.  

Not so, however, with r e spec t  t o  permafrost foundations,  s i nce  

only r a r e l y  have these  been cons t ruc ted  appropr ia te ly .  

The scope of the  p resen t  r epo r t  does no t  permit t he  d e t a i l e d  

d iscuss ion  of foundat ions f o r  l a rge ,  permanent bui ld ings ;  t he  lay- 

ou t  of such foundations,  moreover, should always be l e f t  t o  

engineers  with a more thorough knowledge of  permafrost.  

However, t he  foundation work f o r  smaller ,  permanent houses and 

temporary bui ld ings  can r e a d i l y  be c a r r i e d  ou t  without s p e c i a l  

exper t  a s s i s t ance  i f  t h e  fol lowing r u l e s  a r e  observed. 

11. Permafrost Foundations f o r  Smaller Perillanent Buildings 

Permanent bui ld ings  a r e  only e rec ted  i n  a r e a s  where t h e  a c t i v e  

l a y e r  is  not  f ros t - suscep t ib le ,  i . e .  e i t h e r  on s o l i d  rock o r  on 

coarse-grained, loose s o i l  l aye rs .  

On s o l i d  rock t he  foundat ions can take  t h e  form of t r a d i t i o n a l  

massed concrete  foundations s ince  e f f e c t i v e  f l o o r  i n s u l a t i o n s  ( a  

minimum of 10 cm mineral b a t t s )  a r e  merely requi red .  

On loose s o i l  types  the  houses should be e r ec t ed  on t imber 

foundations cons i s t i ng  of pos t s  and beams. blhere condi t ions  permit,  

i t  may be expedient t o  e r e c t  a house on a mat of g rave l  i n  o rde r  t o  

o b t a in  the  b e s t  pos s ib l e  i n s u l a t i o n  between t he  house and t h e  

permafrost.  



A c h a r a c t e r i s t i c  t imber foundat ion is  shorm i n  Fig.  13. The 

beams which a r e  bo l t ed  t o  t h e  p o s t s  have t h e  upper edges approxi- 

mately 90 cm above t h e  f i n i s h e d  ground. 

The p o s t s  a r e  placed a t  i n t e r v a l s  of 2 - 3 m and a r e  d r i v e n  

dovm belovr t h e  f i n i s h e d  ground t o  a depth of  a t  l e a s t  1 m. The 

bottoms of t h e  p o s t s  a r e  provided with a c rossbar  which d i s t r i b u t e s  

t h e  pressure  on the  ground and anchors t h e  bui ld ing .  

The p l i n t h  covering i s  made of bevel led  boards i n  such a way 

as t o  permit  v e n t i l a t i o n  bu t  n o t  the  p e n e t r a t i o n  o f  t h e  s u n ' s  r a y s  

below t h e  house. The f l o o r  i s  i n s u l a t e d  with 10  cm mineral-wool 

b a t t s .  

111. Permafrost Foundations f o r  Temporary Bui ld ings  

Temporary bu i ld ings  can be b u i l t  as s t a t e d  above i f  t h e  a c t i v e  

l a y e r  is  no t  f r o s t - s u s c e p t i b l e .  

If t he  a c t i v e  l a y e r  is  f r o s t - s u s c e p t i b l e ,  t h e  foundat ion f o r  a 

bu i ld ing  should b e s t  be placed above t h e  ground. 

The bu i ld ing  w i l l  then be exposed t o  t h e  same heavings and 

se t t l ement s  as those  of  t h e  a c t i v e  l a y e r ,  bu t  t h e  displacements w i l l  

no t  accumulate from year  t o  year  ( c f .  Fig.  3) .  

Free c i r c u l a t i o n  of  a i r  under t h e  bu i ld ings  i s  e s s e n t i a l  under 

a l l  condi t ions .  If  t h e  bu i ld ings  a r e  heated an e f f e c t i v e  f l o o r  

i n s u l a t i o n  i s  requi red  as wel l .  



Fig. 1 

The permafrost areas of the northern hemisphere 
(according to S.W. Muller: Permafrost) 
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Fig.  2 

Section through S ibe r l a  from the  Arct ic  Ocean t o  the  
Sea of Jagan, showing the  r e l a t i v e  depth of the  

permafrost and the  a c t i v e  l ayer  
(according t o  S. W .  l ~ ~ u l l e r :  Permafrost ) 



A. Active l aye r  i n  t he  thawed s t a t e ;  foundat ion 
a t  t h e  o r i g i n a l  l e v e l  

B. Active l a y e r  i n  t he  f rozen s t a t e ;  f r o s t  
heaving of  a c t i v e  l a y e r  and foundation 

C. Active l a y e r  once more i n  the  thawed s t a t e  
with t h e  same th ickness  a s  i n  t h e  case  of A; 
t h e  foundation has r e t a i ned  p a r t  of t h e  
displacement 



Ground water i s  f r e e l y  flowing i n  the  a c t i v e  l a y e r  

The active Ldy8r  

is ~ o r n ~ l e i e l ~  

Crozen here a n d  

forms d bdrrrrr t o  

The p ressure  from the  ground water r a i s e s  t h e  
ground su r face  

The p ressu re  from the  ground vrater has  forced  a gap i n  
the  f rozen  s o i l  c r u s t  and i c i n g  has  formed 

below the  gap 

(according t o  S . W .  Nuller :  permafros t )  



The ground water,  which i s  under p ressure ,  
seeps up through the  f r o s t - f r e e  s o i l  

l a y e r  underneath t h e  bu i l d ing  
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Fig. 6 

The frost susceptibility is determined 
on the basis of samples <2 mm 

1. All the soil types containing less than 58 with d (0.075, I. e. 
soil types in which the grain-size curve drops below point A are 
not frost-susceptible. 

2. The other soil types are divided as follows: 
a. Sediments are not frost-susceptible when less than 50$ is 

smaller than 0.125 mm and at the same time not more than 35% 
is smaller than 0.075 mm, 1.e. when the grain-size curve lies 
below points B and C. Sediments, the grain-size curve of 
which lies above points B and C, are frost-susceptible. 

b. Ungraded soil types are not frost-susceptible when the graln- 
size curve lies below curve D. Ungraded soil types, the 
grain-size curve of which lies above curve E, are frost- 
susceptible. 
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Fig.  8 

Foundation d e t a i l  1 : 20 



Pig. 9 

The s o i l  embankments along the  buildLngfs periphery, 
i n  conjunction with heat t r a n s f e r  from the bui ld ing,  

prevent the  f r o s t  from penetra t ing i n t o  the s o i l  
layers  about the  p i l e s  which a r e  f ros t - suscep t ib le  



Direc t l y  Surnrner Winter 
~ f t e r  d r i v i n g  

Safe load: Safe  load a + In o r d e r  t o  
P x A  P x A  prevent heav- 

ing ,  P + a > b 

A = a r e a  of  p i l e  
p  = maximum al lowable 

p ressu re  on perniafrost  
a = adf reez ing  f o r c e  between 

p i l e  and permafrost  
b  = adfreez ing  f o r c e  between 

p l l e  and winter  f r o s t  ( a c t i v e  l a y e r )  

F ig .  10 

S t r e s s e s  on t h e  p i l e s  anchored i n  permafrost  



Frost-free . - .  

lower level of permafrost 

Fig. 11 

The heat from the building keeps the 
underlying layer free from frost 



Act 
fro 

Fig. 12 

Insulating mat of gravel between house and ground 
raises the permafrost level. The dot-and-dash 
line gives the lower level for possible filling 

with ice-free, coarse-grained material 




