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FOREWORD

Permafnost  is  so lmpor tant  a  faetor  in  ne lat lon to  bui , -ud ing
ln the nor th of  Canada that  the Dlv ls ion of  ButLdlng Research
has looked forward to  s tudy lng l t  f rom the earr lest  days of  L ts
work "  r t  seems  c lea r  t ha t  one  o f  t he  p r l ne ipa l  d lnee t l ons  i n
whieh the work of  the Dlv ls ion qhouLd progress ls  tn  eonneet lon
wl th the speeia l  bu l ld ing problems whtch exLst  l -n  the nor : th  of
canada,  many of  whleh are ln t imate ly  assoelated wi th  the
exls tenee of  perennla l ly  f rozen ground throughout  mueh of  th ls
vas t  a rea  o

The Dlv is lon therefore welcomed the oppor tunl ty  of
arranging,  earJ-y  in  the sunmer of  L j$o,  Jo int l -y  wl th  the Dl ree-
torate of  Englneer  Dovetopment  of  th6 canad. ian-Armrs a smalL
exped l t l on  to  the  Maekenz le  R lve r  va r l ey "  Th l s  exp6ar t i on
ln l t i a ted  a  s tudy  o f  pe rma f ros t  l n  t h l s  a rea  w l th  i pec la t
refenenee to foundat lons of  bu i ld lngs ln  set t lement l  a long that
g rea t  r l veno  The  D lv i s lon  was  pa r t l cu la r t y  gJ -ad  to  be  ab te  to
share 1n th ls  fur ther  eo-operat lve venture-wt t t r  a  braneh of  the
canad lan  A rmy  ln  v lew  o f  1 t s  many  c rose  assoc la t tons  w l th  the
Depantment  of  Nat lonal  Defenc@ o

The _e:pedlt lon was earried out by foun young lhorlo one,
cap ta ln  J .  Do  waJ -ke r ,  Roya l  Eng inee rs ,  was  a  v t s i t on  l n  can ida
from ttre Brlt lsh Army, wi-th wLde experlenee j.n the North; he hae
slnce returned to England. Two othen members of the party were
2nd lLeutenants ln the Royal- Canad.Lan i lnglneers spending l irelr
t h i rd  vaea t l on  f i r om un ive rs l t y  work  on  c "0 .Toco  du ty :  ena
Lleutenant  Jo Do Bleaney was study lng at  eueenrs univers l ty ,  and
2nd L leutenant  Jo No Greggaln was study lng at  the unlvers l t i  o f
Saskatchs lvan o

The f,ourth member of the panty was Mr" John A, pJ-hlalneno
now an Assls tant  Research Of f ieer  wl th  the Dlv ls lon of  Bul rd lng
Research,  who had had prev ious exper ienee in  the nonth-eastern
pant  of  canada.  s lnee he was the only  one of  the panty to  be
cont lnuousry engaged on th ls  work,  r t  fe lL  on h lm to prepare the
repor ts  regard lng the in format ton eol lected durJ.ng tha e ipedi t l -ono

fh l s  repon t  cons t l t u tes  the  ma l -n  r "eeond  and  has  been  p re - '
pared by Mr"  Pth l -a lnen jo ln t ry  for  the Dlv ts ion and the Dj . rec-

!_oT"te_ of  _Englneer  Developrnent  (L t . -CoJ-  o C o Eo Browno Dlreetor  )  .
No t  on l y  d ld  the  D lnec to ra te  ass i s t  ve ry  ma te r laL ry  w i . t n  t ne
organlzat lon and pJ-annlng of  the expedl t lon,  but  var lous of f leers
ln  the  D l rec to ra te  have  been  o f  g rea t  ass l s tance  to  Mr "  P lh la lnen
Ln the prepa:rat lon of  th ls  repor io

(r)



rt ls ttrenefone ln eveny s.ense a jolnt eontrlbutlon fuom
the Dlvis ion and the Dlreetorate" r t  i " ,  of  counse, only a
prel lmlnany statement s lnce l t  neeords the obgervat ions 6f
one sununer only" rt ls hoped, lrotyevern that lt wltl prove of
use and that those who examlne lt w1lI favour the Dlvlslon
*l_tF thelr pornments" crlt l-clsms, and suggestlons for future
publ leat lons ln th ls lmportant f le1d o

Acknowredgement must also be made of the faet tb,at funds
fqn !8" tnansportat lon nequlrements of  the expedl t lon were
pnovided. thnough the Assoclate committee on solt and. snow
Mechanics of  the Nat l -onal 'Reseanch councir"  fh ls csmmlt tee
ls eoncenned wlth ar l  aspeets of  reseanch lnto the ter"ratn of
canada" ft ls therefore much concerned wl_th permafnost and.
was grad to aeslst  f lnanctal ly wl th th ls pionler:  ef for to .

0 t  t awa  o
June , 1951"

Robent F" Leggeto
Dlnectot  o
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BU]LDING FOUNDAT]OI\TS ON PERIVIAFROST;
NI-.ACKENZTE VALLEY N"W"TO

by

John A.  P lh la inen

PART I TNTRODUCTION

More than one-haLf  of  the to ta l  area of  canada may be eaL. . ! -edt tThe Nor tht f  
"  T 'argel -y  un inhabl ted but  poss6ssing many potent ia l -  : resources,the  fu t t  l r npac t  o i  r i s  wea l th  ha*  y * i  i n  be  fe r t .

) f  t h l s  vas t  pa r t  o f  Canada  ln

cons t ruc t l on  techn tques  used  fon
,nt fV f rozen ground (permaf : :ost  )+* , "
;  Researeh  hopod  tha t  t he  no tes  eo l__

begtnnJ.ng of thelr Northern
r  o f  pa r t l eu ta rs  on  the  des lgn rcon_'ery  

bui l_d lng ln  Canadan E l fo : : [h ,

i zed  tha t  t he  i nves t i ga t l ons  wouLd

nor the rn  &FgBo

TrrE TNVESTTGATTONS OF Lg5o

' : i  Def in l t lons for  words marked Ln th ls  way wi . t - t  be found ln  Appendlx  eo f  t h i s  Repo r t .
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REi,OfiTS

To help in
constr :uc t lon,  a short
Ioundat ions  nepor t .

understandlne the problems of  nor thern foundat ionout l - ine of  fer rnafnost  pneceaes the actual

PART TT GENERAL OUTLINE OE PER]UAFROST

r f rozen ground,  or
, s  caused  eng lnee rs  much
,  f nves t l ga I i on  o f
ras  se ldom camled  ou t

behavlour  of  f rozen
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na t ions  (measuned  ln, ienced"  
Aj though the

known l.or" some ftme,
|p t  by  the  Russ ians  

", i . can  l nve  s t i ga t l ons
rec ia l J_y  w i th  regand  to
,ands  

"

ORTGTN AND AGE OF PERi\{AFNOST

OCCIIRRENCE OF PER}fAFAOST TN CANADA
'  '  

var la t ions  ln  c l lmate ,  vegeta tJ -on ,  so i lo  topognaphy,  andgeorogye arr  nave marked e*eci ;  ; ; " ;# penmafnosf t "or" ,*"  r f  somethought is glven to ah;;"-numerous faetors that  af feconr inuance  o f  penmafnos i " - i t  w i i i  ; ; ; ; ; l y  oe  seen  tcanada ts  permaf rosb  ; ; ; ; - i "? -on iy  be  accompr rshed  Dysurveys" These surveys would 
""-6ai" iJJ"orr"  

permaf 'oca tegor ies  as  sugges t6a  by  Sumgln  (3 ) ,

l -o 
; : :*$f f t  

smaI l  areas where per:mafrosr is found only in peat

20 
f ; : : ; "of  

predomlnant j -y unfrozen ground wlth is lend.s of  penma_

tlSiir"irifi*:T.lnantrv 
rrozen ground wlrh isrands or unrrozen

l+ "  Area s of  cont inuous permafnos t  "

^ Numbers in brackets nefer to references at  the end of  the nepdrt .



Some
These records
ten ta t l ve  and

observa t i ons
have served as
snould be used

-h -

t rave  been  - comp i led  by  MaJor  Sco t t  Lynno  DoE"Do
a  bas i s  fo r  t he  map  in  F rg "  3  wh ien  i s
on ry  as  a  gu lde "

THERIVIA,L REGIME

reas  can  be  separ ,a ted  tn to  two
e lay€r" whicfr freezes and thaws
whlch remalns cont inuousJ-y f rozeno
pendent  on var : ious factors,  o f  whl .ch,
o lJ_n water  content ,  and topography

PERMAFBOST SIAFACE FEATURES

of  bu l rd lngs  i n  t empera te  zonese  the
nd lnves!_ igat ion before the bur id lng
s l zed ,  Un less  t t i e  l _oea t l on  o f  t he

'A 's  an a id ln  pr lmary neeonnalssanee,  the fo l lowlng sur facefea tu res  usua l l y  g i ve  sbme lnd : - ca t l on  o f  subsu r face  cond l t rons  ( l+ )  
"

Thlek l\loss wLth Hummoc

Vegeta tLon

Tundra or Scrubb Brush

Poon  d ra lnage  and  a  h lgh  pe rma f ros t  t abLe .

Spnuceo may bo Stunted

permafrost  tab ie has been
o f  t ime  tha t  a rea  has  been  c tea red ,

Poor  dratnageu wet  ground an.  a  h igh permafrost  tab le"

Land  C l -ea red  o f T rees  and  F toss  Coven  D ls tu rbed

lowered,  
_  Dependlng on the J-ength

so l . i - u  and  d ra inage  cond t t l ons ,
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t round may or  may no t  con t lnue to  se t t re  
"  I f  cons t ruc t ion  is  p lanned

on  th is  t ype  o f  a rea ,  fu r the r  inves t lga t lons  a re  essen t ia l ,

Plne and F1::

Penmafnos t  t ab re  i s  rowo  Area  1s  usua l l y  reasonab ly  we l l -
d ra l ned .

Wl tLows

Very 1ow permafrost  tab ie wi th  poss ib l l l ty  o f  undengnound
wate r "  A rea  where  f t e ids  o f  su r face  l ee  may  fo rmo

B1rch and Popl .an

Low pe rma f ros t  t ab ie  o r  no  pe rma f ros t ,  w l th  usua l l y  we l I -
d ra lned  gnound .

Aspen Popj -ar

Wi l l  not  grow on f rozen ground"

Topography

Val lqJr  Lowlands

As 'permanent ly  f rozen ground 1s usuaJ- ly  lmpenmeable,  ground.-
water  f lows above the permafrost ,  down r ldges in lo  lbwlands wl rerc  there
1s  poo r  d ra inage  and  the  poss l .b r i r t y  o f  t c l ng  eond i t l ons .

Rldge s

Usua l l y  be t te r  d ra lned ,  a t though  as  bu l l d lng  s l t es  they  may
be too exposed" Nor thenn s lopes being r :d tat lvety  uneiposed to t f te  sun
frave h lgher  penmafrost  tab les.

Ground Rel_ lef

The permafrost  tab le genora l ly  fo l lows the ground.  re l ie f .

F lood  P ia ins

.  f t l a rg ins  o f  r l ve rs  and  rakes  cen  be  poo r  bu l l d lng  s l t es  as
!n"y may have large layers of  unf rozen materr i l ,  The dan[er  here i "
f ron f loodlng and the iormat ion of  sur face ice "

SoL l s

Grave ls  and  Coarse  Sands

fndicate probabJ-e good dra inage and low permafrost  teb le"

F ine -Gra ined  So l l s

Usual ly  a  h lgh permafrost  tab le and because of  th ls  pool r
d ra i nage  resu l t s ,



Al though rock can be
be fe. r - t  un less t [awrng weakens

Rock

favoura b ie

(a  )
( b )

: b

permanent ly  f rozen,
l t s  s t r uc tu re ,

no anxiety  should

d i v ided  i n to
stnength ln

C..Limatc

In  genera in  
- t he  fo l l ow lng  c l - lma t i c

Ior  t f re  ex ls tenee of  perennia i ly

tong  and  co ld  w in te r  w i th
shor t  and cool  suJnmer wl th

cond i t ions  appoar  to  be
frozen gnound:

snow;
pree  tp l ta  t ion  "

6

A
r i  t t le

ilght

LOCATING THE DEPTII OF TI{E ACTTVE I,AITER

The deoth
and  cons t ruc t i on  o f .
f o r  deberm ln ing  th i s

of  the aet lve J-ayer
a  bu i l d ing .  Tnene

by t f roddlngtr  
or

ls  y"oy important ln the design
are  two pnac t lca t  f ie ld  methods
oy auger bor ing"

be
o f

Roddr.ng

_/4- or l /p-l-neh sharpened steel rod

rir.j.gef tsortng

Ti{E DESTRUCTIVE ACTION OF FROZEN SOILS

The  des tnuc t l ve  ac t i on  o f
two  bas i c  t ypes :  de t r imen ta l  f i : os tpermafrost  on thawing.

f rozen  so11s  mav
ac t i on ,  and  f os l
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These  two  des t ruc t l ve  fea tu res  can  oceu r
Yery  o f ten  con t r l bu te  co -ope ra t i ve l y "  Bo th  ac t l ons
in  the  des tgn  s tage  u  

-
l nd i v ldua r l y  , bu t
must  be considered

De t r lmen ta l  F ros t  Ac t i on

Tne  de t r lmen ia i -  e f f ec ts  o f  f r os t  ae t l on  may  be  d l f f enen t j -a j
' neave ,  wh ich  l l f t s  p l l es  o r  su r face  founda t ions ,  and  se t t j emen t  du r ing
the f rost  mel t rng per lod when the subsoi l  may nave j - i t t le  or  no bean-
ing  s t reng th "

] '  heav ing  due  t o  f r os t  ac t l on  i s  no t  g rea t  as
_s that  o f  the water  ln  the vo ids turn ing to' ?3iffi:'.;:"e3:":;'T3T36 3"f";";;T;, *-;I::,
l ee  l - enses  may  g row,  eons l s t l ng  o f  ho r l zon ta l

layers of  so i - ld  lcer_ vanyl l8  ln  th lckne-s up to  a foot  and 1n i " "s t t r  f roman  lnch  to  seve raL  fee t '  I t  can  read l l y  be  unders tood  tha t  sueh  i "ngevolume changes can exent  ver2y large forces on foundat tonso

A fur ther  eompl lcat lon ar lses when the l -ce 1enses mel t  in  thesp r lngo  A  suporsa tu ra ted  so11  w l th  l i t t l e  o r  no  bea r lng  s t r : eng th - i sproduced by th ls  thawlng.  The foundat lons then set t re  
"

The.  s igns of  f rost  heavtngt . .  are f l rs t  fer t  in  the faL l  andthey may eont lnue a l l  w lnter , .  set t i lng of  the found.at ions is  usual lyexpe r lenced  l n  tne  sp r lng "  A t  t imes  tEe  sp r ing  se t t J - i ng  
" * " " "a r - i r pfa l I  and wlnten heave wt l r r  the resul t  that  doons and windows jam almosta l l  yea r .

Loss of  Stnength ln  permafrost  on Thawi .ng

As woul -d be expectedo the thawing of  perennla lJ-y  f rozen
ground ,  wh ich  l n  an  un f rozen  eond i t l on  possesses  adequa te -bea r tn j
s t reng th ,  i s  no t  se r l ous .  However ,  

"o " " ,  
l n  t h i s  f avou rab le  subso lL

cond l t l on  i t  shou ld  be  remembered  i na t  o the r  f ae to rs  mus t  be  cons rde red"
For  exampie,  1n tne case of  a  f lne sandp -  f i&s the rowening of  thepermafnos t  t ab le  a r te red .  t ne  reJ -a t i ve  dens l t y  o f  t he^sand  ind  the  pos t -
t l on  o f  t he  wa te r  t ab re  w l th  respee t  t o  th ; - i r ; ; l ; e *g

The .  I ower ing  o f  t he  pe rma f ros t_ tab le ,  where  the  bea r lng
s t reng th  o f  t he  thawed  so i l  i s  l owr . l s  o f  l -mmed ia te  eonce rno  Evens l l t s ,  i n  a  f r ozen  s ta te ,  have  n i gh  bea r i ng  eapae l t i es .  Th l s  f ac t  w iL l
bo fo re@ioneeve rhasnad . t obo reo rexcaVe te th l - s
rock - l l ke  fonm o f  so iL "  0n  thaw ing ,  because  o f  t he i r  ve ry  h lgh  wa ten
99T t " t ! t  t hey  a re  o f ten  tnans fo r * "d ' i n to  seml -J - i qu ld  o r  r i qu id  s ta tes(F lg  

"  5 ) ,

CONSTRUCT]ON I\MTHODS IN PERMAFROST

Damage  by  f ros t  ac t i on  i s  no t  pecu . . l l a r  t o  A rc t i e  a r6aso  Con-s t r : uc t i on  techn iques  dev i sed  i n .more  tempera te  a reas  can  be  used  to
comba t  t h i s  des tnuc t i ve  fea tu re .  Desc r ip t i ons  o f  t hese  teehn lques  j -Le
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beyond  the  scope  o f  t h i s  repo r t  and ,  t he re fo re ,  w i l l  no t  be  a t tempted  "

Keep ing  i n  m ind  tha t  t he  ma in  d i I ' f i cu t t i es  w i th  cons t ruc t i on

on perennia l ly  f iozen ground ar lse i f  th is  so l l  t t raws and produces an

uns taO le  subso i l - ,  two  me thods  o f  cons t ruc t i on  a re  sugges ted "

Actlve Method':. '

The act lve method of  const ruct ion is  one in  whieh the perma-

f ros t  i s  removed"  Th l s  me thod  I s  usua l l y  ca r r l ed  ou t  when  l s l -ands  o f

permafrost  are eneountered (sporadlo permafrostx- ) ,  t l re  perennta l ly

f *o"" . r  gpound is  very tow,  or  when i t  has been determlned t f ra t  the

permaf r6s t  w111  no t  f o r to  aga ln  l f  r emoved"  Excava t ton  can  be  ca r r ted

bu t  by  p l ck  and  shove l ,  bY  d ra lnage  a f te r  me .L t i ng  w l th  s team,  o r  by

exposi t r i ,  to  the sun,  Oias l lng,  and by hydraul le  s t r ipp lng for  }arge

a r e a g  o

Passlve IViethod':r

The  pass i ve  me thod  o f  cons t ruc t l on  i s  one  i n  wh lch  the  pe ren -

n la l ly  f rozen ground is  preserved by not  d ls turb i fg  lhe thermal  r6g lme "
Fon  e iamp le ,  t i  t ne  vege ta t l on  cove r  1s  removed ,  (1na  th l s  l s  no t  re -

commendeA) r ' an  equ iva ren t  amoun t  o f  i nsu la t l ng  f i l l  mus t  rep lace  l t  on

the  po rma f ros t  t ab fe  w i t l  be  l owered"  f f  a  bu i l d ing  l s  t o  be  p laced  on

th i s  f i l 1 ,  t t r en  an  add i t i ona l  amoun t  o f  i nsu la t i on  mus t  be  p laced '  t o

compensate for  the heat  which y t r i l l  be ern i t ted f rom the bul ld lng"  _ For

some examples of  the pass ive method of  const ruct lon 1n bul ld lng founda-

t l ons  see  F lg "  b "

Genera f l y  l t  w i l l  be  no ted  tna t  t he  ac t l ve  me thod  i ends  i t se l f

t o  a reas  o f  non -eon t i nuous  pe rma f ros t .  The  pass l ve  me thod  wou ld  be  used

in  a reas  o f  con t i nuous 'pe r *a f ros t "  The  u l t ima te  e l ro iee  o f  e i t he r  me thod

would.  seem to depend upon:

l - o

2 o

3.
4.
5"
A

the extent  o f  the Permafrost ;
the proper t ies of  the tnawed permafrost ;

t ne  wa te r  o r  l ce  con ten t  o f  t ne  so l l ;

the genera l  topographlc  and geologic  features of  the l -oeal i ty i

the fypu and heat lng par t ieu lars  of  the bui ld ing;

the ebbnoru lc  baiance between the cost  o f  excavat lon and eost

o f  i nsu la t l on  requ i red .

PILES

At  the  p resen t  t l -me ,  p i l es  appear  to  be  the  mos t  economlca l

form of  found.at ion for  heavy s t ructures in  adverse locat ions such as

low-1y ing ,  poo r l y  d ra lned ,  i rmuskegr r  a roas .  As  wou l -d  be  expec ted ,  p l J -e

eons t ruc t i on  tec i rn iques  i n  pe rma f ros t  a reas  d i f f e r  f rom those  used  l n

temperate zones and so a sr ror t  aceount  of  p lac ing p i les ln  permafrost

f o l l ows .
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Pile Theory

Tne  bas i c  p r i nc ip le  l n  p i l e  cons t rue t i on  on  pe rma f ros t  i s  t o
thaw the ground where the p l l -e  ls  to  be dr iven,  dr j -ve the p l le ,  and then
al low , the p i le  suf f lc lent  t lme to t r f reezo inr ro The permafnost  then
gr lps the p l le  w j - th  wnat  ls  known as tho r f  adf reezJ-ngx-  s t rengthr t ,  When
the p1le ls  dr iven ln to the thawed gnound,  l t  t ransfers a load to  the
ground by point  bear lng.  As the p i le  f reezes in ,  tae load is  t ransferred
par t ly  by point  bear ing and phr t ly  by adfreez lng s t rength"  Wf ien thc
p i l e  l s  comp le te l y  f rozen  l n ,  t he  l oad  1s  t rans fe r r :ed  by  ad f reez lng
s t reng th "

Frost  Heavlng

The upward force on a p i le  due to  f rost  Lreavlng (see t fDestrue-

t i ve  Ac t l on  o f  F rozen  So i l - s r f  page  No"  6  )  under  se lec t  cond l t l ons  ean
be very great"  Should the.adfneezlng s tnength and the loading on the
p1J -e  be  exeeeded  by  th l s  upwand  fo rce ,  heav lng  o f  t he  p iLe  w1 l l  r esu l - t "

Lower lng of  Permafrost  Tabl_e

Non-f reav lng so1ls"-  Tne lower lng of  the permafrost  tab l -e in  non-
neav1 f f i ene ra11yse r1ous i f t hechange1n }eve }1sno t t oo
exeesslve"  Understandably ,  the adfreezLng st rengt t r  w111 be lower-ed but
l f  tne permafrost  tab le remains at  the toe of  the p l leo the Load wi l l
be t ransferred by polnt  bear : tng"  f f  the p i le  does not  penetrate the
permafrost  then the usual  conslderat ions of  i tp l le  f r j -c t lont r  or  loading
tes ts  a re  recommended"

He?v lng  so i l s " -  Tne  e f fec t  o f  I ower lng  the  pe rma f ros t  t ab le  t s
douoly  impor tant  in  f rost -heavlng so l le"  An increase ln  the deptn of
tne act ive .Layer  reduces tne to tar  adf reez ing s t r "ength of  tne p1lo.  In
addl t ion,  l t  1s qul te  probable tnat  the f rost -heavrng force on the p i .J-o
l s  i nc reased  because  o f  t he  deeper  ac t l ve  J_aye r "

PART I]I  THE MACKENZIE RI1ER DISTRICT (5}

The tota l  length of  the iv iaekenzle Rlver  $ystern,  eonsldered
as  o r l g lna t i ng  a t  t he  headwate rs  o f  t he  F ln lay  R lve r ,  1s  2525  m l l -es "
I t s  g rea t  d ra lnage  bas ln  oceup les  an  a rea  o f  6821000  squarc  m l - l es  o r
approx lmate ly  one- f l f th  of  the ent l re  land area of  Canadan exelus lve
of  the Aret lc  Is lands.  0n the Nonth ^Amer: lean cont lnent  l t  1e exeeedcd
ln lehgth and dra lnage area only  by the Mlss lss lpp i_ Rlver : "

I lowever ,  the name f tMacl renz ie Rlverr t  appl les only  to  that
por t lon of  the Maekenzle Riven System extendlng f rom Great  S lave Lakc
to  the  Anc t l c  Ocean ,  a  d l s tanee  o f  ove r  1000  m l leso

,.":';:.H:'.::-'fr"::::',;:"::::"";::':" fam.us,rlp
to tne del-ta of the Biackenzle Rlver Ln I7B9 to t lre' start of the Ftrst
World War, tne onry major economlc aetlvff i  ln thl-s vast gjrea sas
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trapping"  The fur  lndustry  resul ted in  the establ ishment  of  t r "ad ing
pos ts  a t  app rox lma te l y  I ! 0 -m1 le  i n te rvaLs  on  the  Maekenz ie  R ive r .  f he
fo l lowing years have brought  no drast lc  ehang6s,  T ime has only  enJ-arged
the set t l -ements wl th  the arr lva l  o f  the miss ions,  t l re  Royal  Canadian
Moun ted  Po l l ce ,  t he  Roya i  Canad ian  Corps  o f  S lgna rs  and  o f f i c l a i s  o f
va r ious  Federa l  depar tmen ts ,

The only  set t lement  on t f ie  l l iackenzie River  area which d ld not
develop as a resul t  o f  the fur  t rade is  Norman ! i le l . Is .  I t  ls  a  p l -ant  o f
the  Imper ia l  0 i l . .Co rnpany  L lm l ted ,  (o i1  we1 ls  and  re f l ne ry )  o f  S i cond
Wor ld V[ar  "Canol ' t  fame.  Norman VI Ie l ls  suppl ies the Mackenzie d is t r le t
wi th  pet ro leum products,  a  demand whicn i t  can meet  by summer operat l_on"

Permafrost  Dl  s t r l  but lon

The approx lmate sout f iern r lml t  o f  cont inuous penmafrost  ts  ln
the  v ie in i t y  o f  Fo r t  S lmpson  (F ig "  3  ) .  Pe rma f ros t  was  found  i n  sponad lc
t s lands  a t  Fo r t  Reso lu t i on ,  Hay  R lve r  and  Fo r t  P rov idenee"  Fo r t  S impson
has no permafrost  1n the oui ld ing area,  a l though 20 years ago l t  occur-
red  con t i nuous l y  a t  a  dep th  o f  I 8  l nches .  Nor th  o f  Fo r t  S impson  con -
t l nuous  pe rma f ros t  can  be  expec ted ,

BUILD]NGS IN THE MACI{ENZIE RIVER DTSTRICT

Bu l l d lngs  1n  the  se t t l emen ts  o f  t he  Mackenz le  R lve r  d . l s t r i c t
d l v ide  themse lvss  i n to  func t l ona l  g roups - - l l udsonrs  Bay  Company  bu l l d *
l ngs ,  m iss lon  bu l rd ings ,  e te ,  pe rhaps  the  mos t  s t r t k i ng  e iampre  o f
th i s  i s  t ne r f compoundr t  a r rangemen t  o f  t he  h rudsonrs  Bay  dompany rg  o lde r
bu l l d lngs .  I n  t h t s  a r rangemen t  the  s to re r  F€s ldence  and  warehouses  a re
Loca ted  on  the . .pe r ime te r  o f  a  rec tangu la r  f enced- ln  a rea ,  eu l te  f re -
quen t l y ,  t h i s  t t boxed- tn t r  a rea  i s  t he  Pos t  Manager rs  vege tab re  ga r :den ,
The t tudsonts Bay c .ompanyrs o lder  type of  bu l td ings (1yf6)  are isual ly
two-s to rey  f rame s t ruc tu res  res t l ng  on  muds i11s ,  These  bu i l d lngs  a re
s lowly belng rep. . t -aced by at t ract lvermodern ' rbungatowrr  s tyJ"e nul ld lngs
and  the  ncompoundr l  a r rangemen t  1s  d i sappear lnge - (F1g  "  ZT i .

By far  tne largest  bu i ld lngs ln  the d ls t rLct  are those of  the
miss lonsr  -Angl lcan and Roman Cathol ie"  Apar t  f rom t l re  cnurcho the ml-s-
s lon  bu l l d lngs  may  eons i s t  o f  a  schooJ - ,  hosp l ta lp  p€s ldenee  and  ware -
f touses. '  They have been constructed maln ly  of  loe.a l  mater la ls  and wl th
na t i ve  he lp "

As ment ioned beforee near l -y  every set t lement  nas a Royal
Canad ian  Corps  o f  S igna ls  S ta t l on "  Fo r  t he  pas t  f ew  yea rs  f rame bu i l d -
lngs wl th  concrete basements have been bul l - t  for  marr led personne. .Lo
The  ea r l l es t  o f  t heseu  w l th  no  mod l f i ca t l ons  fo r  pe rma f ros t ,  have  showed
conslderabre fa1Iures.  The ratest  bu l ld ings t rave been modi f led s l lght ly
bu t  l t  i s  t oo  ean ly  to  say  i f  t hey  a re  suecess fu l "

The most  s tn lk lng bul ld lngs that  the Canadlan Government  is
eons t ruc t l ng  a re  the  fnd ian  Day  Schoo ls "  These  a re  two-s to rey ,  f l a t -
roo fed  f rame s t ruc tu res ,  usua l l y  w i th  sho r t  eonere te  p ie rs  o r -  eonc re te
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bLocks  fo r  f ounda t lons  ( f f g  ,  29 )  "  The  Ind . l an  Day  Schoo ls  cons l s t  o f
one,  two or  four  crassrooms dependlng on the poputat lon of  the
se t t l emen t .

We l1s ,  f i as  l t s  ? fna t l ve r l  a rea  
"v ls l t  the set t lements dur lng

permanent  s f ie l ters  but  mere ly
The shacks of  the res ldent

Every set t lement ,  except  Norman
Tfre mejoni ty  of  the t rans lent  fnd lans wr lo
the sunner montrrs, do not botfrer to bu1ld
p l t c t r  t ne l r  t en ts  c lose  to  the  se t t l emen t ,
na t l ves  were  no t  i nves t i ga ted .

TYPES OF FOUNDATIONS ENCOUNTERED

Except  fon s teeJ-  ptpe p i les at  Norman Wel ls ,  the d i f fer :ent
types of  foundat ions used for  s t ructures in  the &lackenzle Rlver  d ls-
t r l c t  a re  no t  pecu l l a r  t o  any  one  se t tLemen t .  Pe r t l nen t  s ta t j - s t l cs  on
the foundat ion types are g iven ln  Table f ,  and examples of  the d l f fenent
founda t lons  fo l l ow  a  genera r  d l scuss ion  o i  Tab re  r .

I t  is  ln terest ing to  note that  more than hal f  o f  a l l  foundat lon
types show some fa i lures.  Thls .emphasJ,zes the need for  fur ther  s tudy.
The need,  r rowever ,  ls  fon design a l ta  and not  constnuct lon technlques
or  new types of  foundat lonso

TABI,E I

PEBTTNENT ft{ACIGNZIE RIVER DISfRICT PERMAFROST
" FOI'NDATIONS STATISTICS

Muds i l l s
P1 le  s

Wooden
Stee l  P lpe
Concne te

Oonc re te  wa I l  f oo t l ngs
Timben pads
T lmber  pos te
Shor t  concne te  p le rs
Conc re te  pads

I
I

I

Type of Foundatlon Number No Apparent Apparent MaJor Fallure Due to
fnves t l ga ted  Fa l l une

76 16

3
L?

0
L2
9
U

0
1

3u

?
4
U

1
5
H

?
t l
+

30

4
9
I

]0
5
7
2
I

10 \
25'ft\

1 t
2i7
19
L5
7
b

*  A1 I  a t  No rman  We l1s .
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Muds111s

The predomlnant  type of  foundat lon fon the d is t r lc t  ls  thet lmben  muds i l l o  However ,  as  TabLe  r  l nd iea tes ,  t ne - rnequency  w t thwhich l - t  appears should not  be taken as an endorsement  of  l ts  e f fect lve-ness "  The  ma in  advan tage  o f  t ne  muds l t l  i s  t ha t  l t  l s  a  cheap  and  easytype of  foundat lon to  cdnstruct"  r t  is ,  therefore,  favoured by themlss lons,  by ind lv ldual -  bu l lders and for  generat ly  cheaper  types ofeons t ruc t l on ,  such  as  u /a rehouses ,  where  cos t  and  ease  o f  cons t rue t l onare of  pr lme lmpor tance,

-\-\ 
Ptle s

tha t .p i l es_ fonm,  fo r  t he  p resen t  t lme ,  one  o f
r f : :ost  foundat lon types"  .e t tnougn fab ie i

;"i**;;,H: *::"*:;:.ll?Ji*;":"1$o:; *:Jff"'u
orher se *rement s, ",o""i. 

tf:T";i::or;:"#:"::;l-ttf#:r:3 
"li;r"3 irlff"" 

"

Concre te  Wa l l  Foo t l ngs

Bul ld lngs wl th  concrete basements and ooncr ,ete war l  foot ingsare genera l - ly  those occupied.  by the Royal  canaaran-  corps or  SJ.gnals  and
Pv some Government  of f lc laLs.  r t  wl l i  be noted f rom Table J  that  mol"ethan one-hal - f  o f  these bul ld lngs nave 

" r ror r ,  
apparent  fa l lures"  Thls  lsmaln ly  due to  the fact  tnat  -on ly  mlnor  modl f ic i t lons for  penmafrostcondl t lons r rave been carn led o l r i "  Tr re des lgns wene adapted f roms tandard  des lgns  used  e rsewhere  i n  Canada .

Other Foundatlon Types

Tlnben 
-pads,  t lmber  posts ,  s f ror t  conerete p lers  and eoncretopads formed the foundat lons ro i "  approx imatery 2!  pe: : 'cent  o f  the bui ld-i ngs  l nves t i ga ted .  The l r  use  i s  nb t  pecu l i a r  t o  any  agency  bu l J -d lngln the Nortf i .

EXAMPLES OF DTFFERENT TYPES OF PERMAFNOST FOUNDATTONS
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Tlmbor Mudsi l l_  Foundat lons

,bjxampl-e I

,Bui i -d lng.-  Akravik power Company powerfrour*,  
g}pk,  NoW"T.

sol r "_ Dark brown st l t  w l t r r  a  h lgh motsture eontento Fermafrostencoui f f id  approx imate ly  one foot  odrow ground iever"  The s l te  is  l -ow-l y ing  and  f i as  a  g rassy  coven"

r  f loor  wl th  16 inches of  sawdust

The new por t lon of  ihe Powernouse is  ident l -car  to  the o ldoexcept  that  four  B- lnen d l3T?ten rogs are used.  fon the s1r1s"  Tf ie  fJ-gor :l n  t h i s  sec t l on  o f  t he  bu i rd ing  i s  i i a i n  conc re te  lB  l nc f res  deep  on  a
4 -  t o  l - l nc r r  raye r  o f  packed  sawdus t .

The .eng ine -beds ,  l n  t he  o td  po r t l ono  have  separa te  founda t lonsf rom the bui ld ing.  Tt tey are on a sawdust  pacf<ed cn ib of  t lmbens ( ro uyLz  i nches ) '  The -eng ine i  i n  t he  new sec t i on  w111  res t  on  the  conc re tef loor  *

Fon deta i ts  o f  the foundat ions ln  the new and ord pont ton oft he  bu i r d i ng  as  we l r  as  de ta i l s  o f  t he  eng ine  bed ,  see  F lg .  T ,

.blxample 2

Bu l l d l nE . -  B i shop r  s  Res ldence ,  A l l  sa i n t s  i v l i s s l on  (Ang l l can ) ,AkrgffiTlfTr.

so i l ' -  Da rk  b rown  s i l t  w i th  a  h lgh  mo l - s tu re  con ten t "  pe rma f ros t
enco-uiff ied at approximatery 3 feet u 

-- l- ' rvrp uur s uvrru

some doors  i s  nepor ted .

There are no
the  c r l bbed  eng lne  beds
ln to  ope ra t i on "

s igns  o f  se t t l emen t  l n  t he  bu i l d lng  excep t  f o r
whieh sertr-ed rf z-J"ncn unlformly #rren f irst put
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PILE DRIV]NG PROCEDTAES

As would be expected,  no set  ru les can be g lven for :  p i_J.e
dr iv lng procedures ln  permarro i t .  r t  ls  hoped that  l r ru  for lowing
descr lp t lons of  p i lo  dr lv lng at  Yel lowknl fe  and Norman Wej- ls  wlLf
help prospect lve bui lders ln  p. t -anning tne i r  own proced.ureso

PII,E DRIVING AT YELLOWKI{IF'E

r lv lng procedure used at  the Glant
I  ob ta ined  by  l nspec t i on  and  con -
Dr .  J "Do  Ba teman) .  Deve loped  f rom
un lquen  1 t  l t l us t ra tes  adml rab l y

be  ea r r i ed  ou t ,  i oeo ,  unders tand . l ng
basl -c  permafrost  concepts and apply lng them to tocar  eond. t t lons and
ma te r i aLs .

So l l

Penmafrost  a t  the Giant  Ye. . l - towknl fe  proper ty  occurs ln  is lands
and 1s not  eonstant  1n upper  or  lower  11m1t .  In  row- iy ing moss-eovered
areasr  the permafrost  tab-Le is  pract ica l ly  r lght  unden the moss whi le
i -n  areas where the sunface has been c l -eared the acblve layen may be
f rom 2  to  l a  f ee t  deep"  t tBed - roek  i s  exposed  ove r  JO pe r  cen t  o f  t he
p roper t yu  the  nema lnde r  be lng  cove red  uy  e le t s toce ie  i nd  recen t  deposL ts
tha t  a re  up  to  a t  l - eas t  r1o  i ee t  t h l ck r -ooo"  Ex tend lng  tn rougn  th i
proper tyn severa l  feet_ of  graveJ-s and sandsu as lnd. lcaf ,ed by i '  Laog"
number of  d lamond dr lL l  ho les,  i - te  upon the bedrock;  and th6se depls t ts
a re  qve r la ln  by  th lnJ -y  s t ra t l f l ed  l aeus t r i ne  cJ -ays t t -  (b ) .

Work Prlor to ptle D:rlving

'?henever  
i t  was  poss ib len  cons t rue t l on  was  on  ped - rock .

However ,  funet lonal  requi rements d ietated that  some of  the OuiJ-d ings
be eonstructed on permanent ly  f rozen cIay"

A f te r  t he  s l t e  o f  a  bu i l d lng  was  chosen ,  smaLr  boxes  (ap -
p rox ima te l y  2  fee t  

Py  a , fee t  by  1  foo f ,  deep)  were  bu l l t  a t  t he  p rbposed
]oca t l on  o f  ev9Ty  p t l e  l p ig .  9 )  "  The  bu t r -d lng  a rea  was  then  back f i l l ed
wl th r rmlne-* l rq5t ' -  f111,  (wai te  rock f ) r "om mln ln[  operat ions)"  rn  th j .s
waYp the bui ld lng area was l -evel led in  addi t lon to  protec i fng the moss
cover  fnom the t raeks of  the erawler  tnactorso

c l l es  were  d r i ven  was  aecomp l l shed
stero wl th  a l / [ - fnerr  (appro i imate ly)
y  propped 1n p laee and af ten thnee
pl1e dts tance tn  the permafrost
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Pl le  pneparatLon and Dr iv lng

PTLE DRIVING 4,T NORMAN IIELLS

The ln format ion on p l1e dr lv ing at  Normanfnom a paper  by R,  A.  Hur" io"xu ent i t . j_ed , fper :mafrogt

ryT:  
ana suppremgnte$ by rnspect ion and conversat lonon the s taf f  o f  the rmp6r1al  0 i1  company L ln l ted.u at

So t l

I  predomlnant ly  a f lne f rozen s l l l t

Wel- ls  r ras obta lned
at Norman if feJ-l_s"
w i th  seve ra r  members
Norman We.L1e "
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Work Pr lor  to  Pi le  Dr lv1ng

"  S team je t t l ng  p t  Norman  We l l s  was  ea r r i ed  ou t  w l - t h  a  l / \ - t o
l - ineh p lpe about  one foot  shor ter  than the desi red deptho A steam pres-
su re  o f  l t l  t o  B t l  p , so io  o r  g rea te r  i s  repon ted  to  seem mos t  sa t l s fac to ry "
l l / i t h  respec t  t o  s team je t t i ngo  Hemstock  makes  some ln te res t l ng  p rac t l ea l
no te  s :

l - .  I f  the ground has dry layers -  some water :  wl th  the s team w111
speed  j e t t i ng ;

2o Hoies may be le f t  up to  I  weeks 1n surnmer before dnlv lng p1Les
but  ln  f reez lng weather  should not  be le f t  more than a week;

3 ,  Excep t  l n  coa rse  g rave lo  spec ia l  b l t s  sngo  ehLse l  b t t s
d id  no t  speed  je t t l ng ;

J+"  Under  favourable eondi t lonse one man can steam jet  up to  twenty-
f ive lb- foot  ho les 1n an B- t rour  day;

5 .  Bes t  resu l t s  a re  ob ta lned  w l ren  a  ho le  l s  j e t t ed  j us t  b1g  enough
to take the p l le"  Wl th exper i -enae on d l f ferent  ground types
and  ea re  l n  j e t t l ng ,  t h i s  may  be  eas l l y  acco rnp l l shed"

Mater. ials and Equlpment

Wooden PIJ-e s

The f lnst  p l1e eonstruct ion at  Norman l0eJ- Is  used nat lve spruce
beeause of  h lgh sh lpplng costs  on lmpor ted t lmben.  The pLles were f rom
7 to 10 lnches at  the but t  and some had asphal t - t reated co l lars  to  help
prevent  f rost  heaving"  f f  tne p l les were dr lven deep enough ( tZ to  L5
fee t )  no  ev ldence  o f  heav ingo  w t th  o r  w i thou t  co l l ans ,  was  repo r ted  l n
1948.  Examinat lon of  some p i fes dur lng the sununen ot ' l -Qlo d id,  however ,
reveal  heaving ln  a few.  This  seems to fur ther  the proof  that  a  lowenlng
o f  t he  pe rma f ros t  t ab le  i s  oceu r r l ng "  (See  r r so j - I t t  Sec t l on  o f  P i l e  D r l v lng
at  Norman WeIIs  page L5) ,

S tee l  P11es

Beeause  o f  t he  ava i l ab l l i t y  o f  sc rap  p tpeo  s tee l  p i l es  havo
been  used  exc lus i ve l y  s ince  L947 ,  They  a re  ava i l ab le  f ree  o f  cha rge ,
and  a re  more  eas i l y  hand led  and  d r i ven  than  wooden  p l l es .  I n  add i t i onu
they may be qulckt ry  lengthened,  cut  or  eapped by weld lng as weJ. l  as
belng s l i .gnt ry  f tex ibJ-e as to  pos l t i -on af ter  dr lv ingo To herp prevent
t reav ing,  co l lars  I  f /2  inches larger  than the d iameter  of  the p ipe are
wo lded  o r  sc rewed  to  the  base  o f  t he  p l }e .

Tne re  nas  been  some specuJ -a t l on  on  the  e f fec ts  o f  i nc reased
hea t  f l - ow  in  s tee l  p i l es  l n to  the  pe rma f ros t "  Hems tock  measured  th i s
ef fect  a t  Norman Fie j - ls  in  

' I94f  
.  For  wooden p l1es,  the permafnost  leve. i -

was  l owered  by  I  i nch  and  fo r  s tee l  p l I es ,  I  l nches .  The  wooden  p l res
suppor ted  an  unhea ted  bu l l d lng ,  t he  s tee l  p l J .esu  a  wa te r  t ank "  As
suspected,  bhe consequences of  tne heat  f low down a p1Ie are negl lg ib le
for  ord lnary condl t ions s ince the J-ower lng of  tne permafrost  tab le by a
few  inches  i s  o f  no  consequencgo
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Drlv lng

At  Norman werrs ,  Hemstock f 'ound.  that  a  r ignt  fast -drop.
nammer out f l t ,  mounted on a smal_L crawier- type tnacf ,or  was most

* ipmer i t ,  p l1es could be quickJ-y
r  the macnine could move fa l r ly
;ee r  p l t es  were  dn i ven  to  a  dep th
, rg drrven f rom .12 to  r !  feet ,  but t_
/1n9 .

uVooden Pi j -e  Foundat lons

Example 3

,a !^-_ Pui ld lng"-  Depar tment  of  Transpor t  r i {ess Hat1,  K l tcner :u and Food
Sto res ,  Ha_y  R i ten ,  NWT.

So11.-  -A.ppeans to  De a sand.y grey c1ay.  Permafrost  rs  found.  at
approff i id' teIy- b feet be.r.ow grounh lur?ace,,

Cons t ruc t i on  H ls lg l I " -  ConsEruc t i on  on  the  bu l rd ing  s i t e  began
qurrng Ef ie  sprrng of  194d.  Tne area nad oeen c iear"ed of  tnees and
brush  fo r  b  yea rs "  f t  d id ,  however ,  need  some reve l l i ng  and  no  a t tempt
was  made  to  p ro tec t  t ne  moss  cove r  i n  t hese  p laces "  nuFrng .J , r r r " ,  i ; [ 6 ;
t ne  p i l e  ho les  1n  the  5 - to  b - foo t  ac t i ve  raye r  were  made  w i tn  an -B-
lnch  pos t -ho le  auger "  S team je t t i ng  i n  pe r f ra f ros t  was  ca r r l - ed .  t o  a  dep th
o f  app rox ima te ry  r l  f ee t "  The  p i re l  t j - r neh  d iamete r  a t  bu t t )  wene
dr l ven  bu t t -end  down  and  were  spaced  a t  b  fee t  on  cenures  w i t t t  t ne  rows
o f ' p l l es  a t  10  f ee t  on  cen t res "  The  p l l es  we re  t r ea ted  w i t h  a  wood
preservat lve ( ' rusmoserr /  and had one iayer  of  tarpaper  wound around them
at  gnound  l -eve r '  No  g rease  was  used"  Some o f  t he -d i f f i cu t t l es  ancoun te red
in  the  p i l e  d r i v i ng  were  as  fo l l ows :

so  some  o f  t he  p l l - es  "popped  up t t  ( i " e "  f r oa ted l .  These  we rc  re -
dr i_ven wi th  an ext ra number of  brows;

bo  Keep lng  the  p i res  rn  l i ne  when  dn l v lng  was  d i f f l cu r t  a t  t tmeso
Frequent iy  a inactor  had to  be used.  to  puf l  and keep the p1les
in  a l i gnmen t "

An unusua. .L t 'eature of  th is  ou l rd lng ls  the f roon.  Two pre-
fao r l ca ted  seq t l ons  o f  . 2 -  by  o - l -ncn  Jo l s i s  ana  1 - i ncn  tongue  and  g "oooe
f loo r inghave  Peen  ra ld  a t  r i gn t  ang ids .  t i o th  sec t i ons  have  Z  i ncnes
o f  rock  woor  l nsu la t l on .  Fo r  f u l r  de ta i r s  see  F ig .  ! 3 ,

Example 4

Bul ld lnp. -  Heat ing Bul t -d ing of  lnd ian Day School  Teachenage,  Hay
Rtverffi

So iL ' -  P redominan t - t - y  a  o lue i sn  s l l - t y  c ray  w i tn  l aye rs  o f  t ' 1ne
brown-ETd varylng from i to b feet. Permafrost is found. approxlmately
B  fg " ! . be Iow g rounA su r face  and  occu rs  i n  spo rad ic  l s tands  i n  t he
v l c ln i t y  o f  t he  bu l J_d ing .
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Cons tnuc t l on  I I l s tony " -  Ho les  foun  fee t  deep  were  excava ted  e t  each

p1 Ieo f19 l r 7oS tea rn je t t i ngandp1 }ed r1vJ -ngwere
larr le6 out  ln  February,  1948o The bul ld ing was eompleted and oceupled

ln November, 191+8 o

Founda t lons , -  Wooden  p i l es ,  t oe  d iamete r  I  i nches ,  were  use -d  and

drlvei l f f iFfr i t l- f lrst, Tha length of pl le ln permafrost was left rough

wh1le the por t lon of  the p i le  t ;  the act lve layer :  was greased and enclosed

w l th  tanpa ien ,  (no  na i l s  were  used )  "  
Two  fee t  o f  g rave l  we re  p laeed  up  to

the ground.- l1ne and the space between the ground and the double eoncrete

f l oo i  wes  f l 1 led  w t th  pea t  ( f f gs ,  1 !  and  15 ) .  The  ch lmney  fo r  t he  fo rced

warm al r  furnace ls  suppor ted 6y a specla l  p l le  
" .  

There ls  no appanent

se t t l emen t "  A  ske tch  see t l on  l s  shown  ln  F lg .  14 "

Concnete Pl ie  Foundat lons

Exampl-e 5

Bu l fd lng . -  Foun-C lass room Ind lan  Day  Schoo l ,  Hay  R ive r ,  N .WoTo

So l l - . -  Pnedomlnan t l y  a  g rey  s l l t y  c lay ,  occas lona l l y  w l th  l one  sand .

At  th l f f i l ld lng s l te ,  permafnost-  ts  eneountered approx lmate ly  I  feet  be low

the gnound sur face.  
' I t  

occurs i -n  sporedle ls lands ln  the v lc ln l ty  o f  the

bu l rd lng ,

Cons t ruc t l on  H ls to rY . -  Twe lve  t r
t opso  ng  Deeember ,

spr lng of  1947o Steam Jet t lng and dr :
A  two- foo t  g rave l  me t  f 111  was  p laced

f ln lshed and occupled.  by November,  I9 i

Founda t lo4so -  Twe lve  l nches  square  p reeas t  ne ln fo rced  eoncne te  p l1es ,

28 feE=FTi' i f f ie used. Ttre ptles were east ln a vert leal- poslt lon"

Ground was Eteam thawed to roughly the deslred dlameten and depth and the

pl les dr lven to  nefusal "  There l i  a  Z- taot ,  a i rspaee between the ground

and f loon whteh ls  completety  sk l r ted wl th  removebJe shut terso The f loon

has a l . r - lnch concnete l faU (pfus 2 lncf res of  e lnder  conerete fon heat lng

room) wl th  the usual  f rame fLoor  on l t .  ALt f iough the specl f lcat lons

ca l l ed  fan  2  l nehes  o f  noek  woo l ,  on l y  I  l nch  was  l ns ta l l ed .  When  the

shut ters  were removed dunlng the-wlnter  o f  l .949*50,  the ground f loor  was

so co ld thst  even wi th  heat lng l t  eould not  be oecupted.  A sketch of

the foundat lons and f loor  ls  ihown ln  F lg '  18.

Plpe Pl Ie  Foundat lons

pl le  foundat lons of  s tee l  p lpe were eneounter :ed only  at  the

Imper la l  Ot I  Ref lnery at  Normnn WelLso Norman WeIIs  ls  not  a  typteal

r l ve r  se t t l emen to  A  een tne l  hea t l ng  sys tem l s  used  and  s team l s  ea rn led

through steem plpes ln  ut l r ldons to  the bul ld lngso _ -The steam plpes are

broug[ t  ln  to  l f r6  bul ld ing and d ls t r lbuted to  the d i f ferent  rooms unden

the f loor:o The sklntlng e:round the bulldlng and the heat from the steam

plpes help to  keep the i loons werm but  a lso t ras a marked ef fect  on the

iherra l  equl l lbr iumo Tempenatures under  heated bul Id lngs dur ing the

wlnter :  were f ,ound to range fnom 50 to  6 loF. ' : *  Regard lng p lpe p l1esu

Hemstock nemanks,  t tso fan none dr lven L$ taet  or  more have heaved or

, ; -  Conversat lon wl th  ldr .  Angr :s  Sherwood,  Norman EIe11s,  I IoW'T"
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set t l -ed under  normal  condl t lons,  and examinat lon of  foundat lons erected.

{o "  two  yea rs  i nd l ca te  tna t  t hey  shou ld  be  sa t l s fac to ry . t f  Examlna t i on
during tne sunmer of L950 showed that the effects of towering tne perma:
f r os t  t ab ie  we re  be ing  f e l t .

!.jxample b

Cemesto @_f!_glg. -  AI1 b bul ld lngs are suppor ted Oy J4- incrr  s tec l
p i pe f f ima t1onpa t t enn i s ' ' saucen -Shaped , t "w i t h thewa I1s
being,  on the average,  2 inches h lgher  tnan the mlddlc  of  the f loor"

Example 7

F l ro  Ha11" -  U t i l l do r  en te rs  eas t waI l ,  Bu l ]d lng  nas  se t tLed  I  l nches
along-ea-FtEh,

Exampl-o I

Pos t  Of f l ce  and Canteeno-  The
bu i l -d ing
l n g  h a s

and  en te r s  t he  wes t  wa r l o
se t t l ed  abou t  2  L /2  i nehes .

ut l - I ldon runs arong the s lde of  the
Tne southwest  cornen of  the bul ld-

Block t tAt t  l - iv lng quar tens. -  These r rave nad to  be Jacked and b locked
a) 

" 
----

o  lnc f l es  l n  p laces "

Example 10

Laundry. -  Tne south s lde where heavy machlnery ls  1nsta l1ed.  has
se t t l ed  as  much  as  10  l nc f i es .

Example 11

Ref lneny.-  fn  bu i ld ings wi th  hearry  machlneny,  the foundat l -ons sup-
por t lng the fJ-oor  and macfr inery ane separate"  fn  th ls  bu l rd lng,  t f ie
pump bases  a re  on  4 - i nch  s tee l -  p l t es  d r i ven  l . l g  t o  l b  f ee t .  Th ; - f l oon
jo i s t s  a re  11 - incn  s teeJ -  p lpe  l 0 - tnches  on  cen t res ,  w i th  eo r ruga ted
ga lvan ized  i ron  snee ts  on  the  j o i s t s  and  a  3 -  t o  [ - i nc f r  conc re te  f l oo r "
The  f l - oon  l s  suppor ted  by  [ - i nc f r  s tee l -  p ipe  p i ] es ,  The  fLoo r  t ras  se t -
t i ed  i n  p laces  up  to  2  i nches  bu t  t n i s  does  no t  a f fec t  t he  ope ra t i on  o f
the pumpso

^EixampIe l2

Bo i l -e r  house . -  Tn l s  bu l l d ing  f i ouses  I  I ocomot i ve - t ype  bo l J -e rs ,
pumps-E?@ffi-Eors o Again the ooilers leave separate ibunaatlons from
the f loor  system'  Trre foundat lon and f toor  construct lon ls  s lml lar  to

!n "  Re f i ne ry  excep t  t ha t  t f r e  bo i l e r  base  p i l es  a re  Z - incn  s tee l  p lpe .
The  se t t l emen t  i n  t he  bu l rd ing  1s  cons lde rab reo  T r re  ma in  cause  o f - t f r l e
i s  t ha t  no  p rov i s lon  has  been  made  fo r  dna lnage  o f  bo l te r  wash  wa te r .
I t  s lmply  dra ins under  the bul . l -d lng"  h ieasurements of  set t lement  f rom
Apr1l  11 to  September 5,  1950,  showed a maxlmum set t lement  of  b  inches
for  the per imeter  of  the bui ld lng and a maxLmum of  5  incnes for  the
f l oo r  (F i g .  19 )  "
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Concnete WaI l -  Foot lngs

Example 13

Bui ld1!9.-  Department of  Transpont Fanlry euartens, Hay R1ver,
N. W;:n--

So11 ,  - Sandy grey e lay" Penmafnost encountered at  l r  feet"

Cons t ruc t l gL  H ls to ry . -  The  6 -1nch  coven l4g  o f  uaoss  was  s t r l pped  f rom
t r l e t l , r g47 ,andexeava t1ono f t hebasemen t fo11owed
In May of  t t re  same year ,  Permafrost  was encountered at  l r  feet  and af ten
9  l apse  o f  a  mon th ,  t he  pe rma f ros t  t ab le  receded  L  l / 2  t o  2  fee t .  T t r l s
layen was removed and replaced wl th  gravel  o  

'

Foundat lons. -  The foundat lons fon the bul Id . lngs are concrete wel l
footTfif3?Fff ihes wlde dnd 10 lnches deep. nven] 3 feet, a eoncrete
p le r -wes  pou re^d  to  the  pe rma fnos t  reve l ,  a  d l s tanee-o f  I  l / 2  t o  2  fee to
For  de ta l l s  o f  t he  founda t lons ,  see  F lg .  2g .  The re  a re  no ' s lgns  o f
set t lement  on the besenxent  fLoor  or  wal ts  but  l t  shout-d be noded that
twleo the amount  of  re ln forc lng s teeL as car led fon 1n the deslgn *as
used ln  the baeement  wal  Is"

Exampte lb

Bu l1d lnE . -  Roye l  Canad lan  Conps  o f  $ tgna ls  Rad lo  S ta t l onu  Hay  R lveno
N " v[.T .-

So11"-  S i l ty  f lne sand.  Permafrost  1s encountened appnoxlmate ly
5 feEETelow the ground gunface o

Construct lon Hls tory  and Foundat l -ons. -  Excavat lon of  the basement
uega ongtr t - - io  ; ; - i  foot  ln  th tckness)
was p laced.  at  the bot tom of  the excavat ton l  fhe concnete waI1 foot lngs
were 18 lnches wlde and 12 lnches deepo A 5-1nch concrete f loon and a
$- lnch concrete wal l -  were p laced for  t f re  Uasement ,  There ls  no
re inforc lng s teel  ln  the wal I  foot ings,  basement  f loor  or  wal1s o The
bu l rd lng  was  comp le ted  1n  December  r -1947 .

One month af ter  complet ion,  the f l rs t  cracks appeaned on
the  basemen t  wa11s  and  f l oo rs .  Se t t l emen t  acce le ra ted  Oun ing  the  sp r lng
?f  lq l+g to  such an extent  that  the basement  f loor  pract lcar- ly
d ls in tegnated and the eracks on the basement  wal1s nanged in  s lze f rom
halr l - lne to  2 i .nehes.

'  .4 ,  one- foot  layer  of  sand and gravel  was p laced on the f loor ;
seven concrete p lensr  one foot  square anO 5 feet  to i ig ,  were p laeed ln  l f re
middle of  the f loor  where set t l -ement  had been most  p ionounced,  and a
new 7 - lnch  th l ck  conere te  f l oon  was  p lacedo  In  June ,  I 95Q,  e racks  were
no ted  l n  th l s  f ] . oo ro

In  U la rch '  1948c  8D a t tempt  was  made  to : :epa l r  t he  l ange  base -
ment  wal l -  enacks by excavat lng the backf l l " r  on the whr ls  and patdhlng
wl th tar  and tarpaper"  Thls  at tempt  was apparent iy  not  succels fu l  as
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RCCS personneJ-  repor ted much seepage t f r rougn tne cracks in  the spr lng.
The war l -s  wer"e not  backf i l led tnen-and i t  is  nour  poss lo le  to  loo ic
through the crac lcs to  the outs ide"  A sketch of  tne f loor  and foundat lons
1s  shown  ln  F ig "  2L "

Example l-5

B } :L1d in8 " -  One -C iass room Ind ian  Day  Sehoo r ,  A rc t l c  Red  R i ven ,  N "W,T "

So l - j - " -  Moss  cove r  o f  app rox ima te ry  b  l ncnesu  r  f oo t  o f  o rgan lc  top -
so l l  E1Fs l l t y  g rey  c ray  w i t h  i ce  t enses  ( t / + - t o " ' I / Z - i nch )  t o  s t  i eas t
!  f ee t .  Pe rma fnos t  1s  encoun te red  under  th ' e  b - l neh  moss  eove r .

Founda t lonso -  Conc re te  war l  f oo t l ngs  2  fee t  w lde  and  10  Inehes  d .eep
runni i -gEf f i - fu i l  penlmeter  of  the uJ i rarng as wel l 'as for  t r re  maln
mld-g l rder"  i l ight -1nch re in l 'orced concrete s tub waJ-1s carry  the bui id . lng
l -oad  to  tno  foo t l ngs "  T l re  foo t rngs  res t  on  a  l - f oo t  d .eep  sLa le  f l 1 l  ma t .
Fo r  de ta l l s  o f  t ne  founda t ions  and  f ] oo r ,  see  F ig .  22 .  bxcava t i on  fo r
tne  war l  f oo t i ngs  was  be lng  ea ru ied  ou t  i n  Ju ry  7g5O (F lg .5 )  and  f i enee
l t s  pe r fo rmance  eanno t  be  repo r ted  on  a t  t h t s  ea r i y  da te  "

T imoer  Pads

Example 16

Bu l rd1nE" -  Hosp i ta r  Annex ,  A t I  Sa rn ts  IV t l ss lon  (Ang j l can ) ,  AkJ tav1ku
ar  

" '  

F - - -

N . l I / o T "  ( F 1 9 , 2 3 ) .

So l r " -  Da rk -b rown  s l l _ t  w l th  n lgh  mo is tu re  con ten t "
encoui f f ied at  2  L/z  to  3 feet  oero i  sur face at  s l te ,

Permafrost

Permafnost

Founda t ion€ . -  F i ve  8 - i ncn  d tameten  rogs  w i th  t f r ree  sp l J - t  B - i neh  d la -
geter@fr*-Ffght  angles"  These t imber  ioot ings are approx lmate. ry
5 feet  square and are spaced at  b  feet  on centreJ (F lg 

"  
'2h) .  The ground.

i s  re la t l ve l y  und is tu rbed .  Tne re  i s  a  3 - foo t  es r th  oank i .ng "  Two  ven ts
a re  p rov lded"  The  doubre  f l oon  l e  i nsu la ted  w l t r r  I  t n i ckness  o f  f u l l -
t h l ck  r ock  woo t  ba t t s "

Exam?l,e 17

tsu l l - d ing . -  I ndependen t  T radenr  s  S ro re ,  A l r l av i k ,  NnW.T .

so l r . -  Dank -bnown  s1 l - t  w i th  a  h lgh  mo is tu re  con ten t .
encoui lEFed at  approx imatery 3 feet  oJrow ground sur face"

Foundat lor lEo-  The bui td lng was constructed dr . r r ing f93B-39 and the
sur faE?- tTf f iu l rd ing sr te  was noi  d is turbed.  T lmber  spread*foot ings,
I , t  feet  square and B tn6nes th ick were p iaced on the ground at  B feet  on
centres"  Ine bul rd ing rs  made rever  bt  wooden snims praccd under  the
s i l l s .  The  bu i l d ing  i s  banked  w l th  ea r tn .  The re  j - s  i  ' pa r t i a l  

basemen t
whieh d id not  show s igns of  set t jement  unt j . l  J  years ago when water
seeped ln"  S lnce tnen,  there has been a J- incrr  set t lement  ln  one por-
t i on  o f  t h i s  basemen to  A  ske tch  o f  t he  founda t l -ons  and  f l oo r  i s  shown
in  F ig  

"  25 ,



2. 1

Timber Post  Foundat lons

Example 18

Bu i l d ing . -  RCCS $ ia r r i ed  Quar te rs  (W0 I )  No rman  We l l s ,  NuW"Tu

So l1s , -  Or ig lna l l y  t he  s l t e  r ras  muskeg  w i th  a  s lough  beh lnd  the
presei f f iTCS bul ld ings"  The srougrr  was dra lned in  r94B and a 2- foot
f111 of  shale and e lay was pJ-aced on top of  the muskeg" Tf r ls  f111
has  subsequen t l y  se t t l ed  l n  some p laces .

Founda t lonso -  The  founda t lons  o f  t h i s  bu i l d ing  were  to  be  13 -
foot  f f i?Gi-p s"  Actual ly  the p i les were dr iven only  about  Q feet
and  hence  1n  t h l s  r epo r t  ane  cons ide red  as  pos t s "

The ln terest ing feature of  th is  bu i ld ing ls  the faJ-se f .Loon
arrangement to prevent the neat from the uti l- ldons from dlsturbing the
permaf ros t  t ab le  (F ig .  26 )  "  How suecess fu l  t h l s  has  been  canno t  be
sa ld  fo r  een ta ln "  The re  a re  many  c racks  and  s lgns  o f  heav lng  and  se t -
t l i ng  bu t  t h l s  eou ld  be  caused  by  the  fac t  t ha t  t he  p l l es  wer6  no t
or lg1nal ly  dr iven deep enough to prevent  f rost  heavlng"

Example 19

Bu i l d l ngo -  R .C . l { .Po  S lng re  l [ sn r  s  Qua r te r s ,  AkJ -av l k ,  N "WoT .

So l l - . -  Da rk -b rown  s i l t  w i th  a  h igh  mo is tu re  con ten t "
encoui :EFed at  2  to  3 feet  be low ground sur faee"

Permafrost

Founda t lons , -  Ten - lnch  d iamete r  t lmbor  pos ts ,  dep th  though t  t o  be

5 to6 f f i e2 - f oo ta i rSpacebe tween the f t oo rand theg round i s
encJosed  by  a  2 - foo t  squa re .  sawdus t - f i l l ed  box ing "  The  doub le  sh ip lap
f l oo r  l s  cove red  w i th  . l l no leum and  i s  no t  i nsu la ted .  S igns  o f  heav lng
are noted durlng tfre winter but they disappear dunlng the surrmer. Tfre
cen t re  o f  t he  bu i l d ing  1s  s l i gn t l y  . . Lower  than  i t s  edges"

Example 20

Bu l l d l ng . -  Hudson ts  Bay  Companys to re ,  Ak lav i k ,  NoW.To

So i I " -  Da rk -b rown  s1 . t - t  w l th  h igh  mo is tu re  con ten t "  Pe rma f ros t
1s f  o i i i?-Z feet  berow ground sur face"

Foundat ionso-  The foundat ions were ptaced dur ing the fa l1  of  L9 l+2
and tEE-5-ffi@ wa s c omple ted in the su;mer of 1943- ( Fig " 27 ) . Trie
bu l l d lng  i s  suppor ted  Oy  B - inch  d iamete r  sp ruce  l ogsu  t rea ted  w l th
f rCupreno l r rand  spaced  ln  an  B - foo t  g r i do  T f i e  pos ts  a re  11  fee t  i n  t he
ground and cut approximately b lnches to I foot off the ground" Tfre
ainspace ls  encJ-osed by the s id lng which hras been brought  to  gnound
]eve1"  The doubl -e f toor  is  eovered wi th  fer t  paper  and L ino leum but
has  no  l nsu la t i ng  ma te r ia io  No  s lgns  o f  heav lng  o r  se t t J . l ng  wero  no ted
and  the  bu i l d ing  l s  repo r ted  to  be  t r comfo r tabLe t r  du r ing  w ln te r .
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Shor t  Conc re te  p ie rs

Example 2I

Bu l l -d lng . -  Two-Crass room Ind lan  Day  Sehoo l ,  Fo r t  Good  .F iopoe  N .W"To

So11 ' -  Mo ls  
^cove r  app rox l -ma te ry  b  l nches  th i ck ;  b  i nehes  to  2  fee to f  g rE f r l " y ;  2  fee t  t o  I ' t . u t  o f  

" i r i y  
sand  w i tn  somo bou lde rs "

Permafnos t  eneoun te red  
" i  

2  f ee t "  T f i e "bu i l d ing  s l t e  1s  abou t  a  qua r te r
of  a  m1Ie f rom the RccS bui l -d ings on a knol l  {u  feet  h igh and ls  under :l a in  by  muskeg .

rsu l_a ted  w i th  I  t h iekness  o f  f uL l_

Example 22

Bu iJd inE" -  two -C tass room fnd l -an  Day  Schoo ln  Fo r t  ResoJ_u t lon ,
Now.T-FiE-zg) "

Soi l . -  I la rk  b rown s i r t  w i th  a
poorlrea lne d, tow- rying muste g "feet  bel-ow gnound sur iacJ.

h igh  mo is tu re  eon ten t "  The  s l t e  i s
fe rma f ros t  was  encoun te red  a t  2  l l z

Foundat ionso-  concrete p iers  approx lmatery l -B lncf ies square at  the
1,o_9,,t_E-:rcJgffiF',2 +12 feet square at the bottom" There 1s a Z-footsK l r ted '  a i r space  w i th  shu t tens  B  by  Ib  i nches  eve ry  b  fee t "  The  doub lef i oon  l s  i nsu ia ted  w l th  I  t h ieknes i  o f  f u l l : t h lek  b i " " s  f l b re .  The
buiJ-d lng was constructed in  r9 l+9 and there are no apparent  s igns ofse t t l l ng  o r  f i eav lng "

Concre te  pads

lixample 2\

o,^^o_1.4$.q.-  
Hudsont s tsay Company Resldence (Type IZDB) e Fo:: t

f i J a c . H h e r s o n e  N o W . T .

So l l ' *  O rgan ic  s i l t  f o r  i .  f ee t  t hen  g rey  c ray  w i th  pa tches  o f  g rave r "Permaf f iEt  is  repor ted at  3  t iz -  i " " t - i l " ro*  ground sur faee.

ons t ruc ted  l n  L }UL  and  nes ts  on
fee t  l ong .  These  eonc re te  pos te
nd  12  i nches  deep"  The  spac tng  l s
rspace,  ranging f rom b lnches to
. inu:n s f ieets .  T l rere ls  a  par t la l

L2  i ee t  wh ich  co l l ec t s  *b *e  seep_
f loo r  l s  shown  in  F1g .  3 (J "
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-Example 2l!

o"potff i f f i ' -  
Hudsonr s tsay company store and Dwerl ing, Reindeen

so i l ' -  Dank -b rown  s i l t  w i th  h igh  mo ls tune  con ten t "  pe rma f ros t  i sreporTEl-to be from b incnes to l  fdot beJ_o,rv ground surface,

feet  squane and 9 lnches d.eep set  on
a inspace  i _s  sk i r t ed  w i th  roose
fu t . l - t h i ck  roek  woo l  oa t t s  f o r
many  s i gns  o I 'movemen t .  Gaps  as

s and wal ts  appear  dur i .ng th l  wlnter
bhe surnmer.

f t i l  sco l laneous Foundat lons

.F.ixampte 2q

our"off i f f fr l  
Rovat' Oanadian corps of stgnals ir iarrred euarters (rnt.o. Jr),

so11 ' -  Dank -b rown  s i r t  w i tn  a  h igh  mo is tu re  con ten to  pe rma fnos t
encouf f ied at  approx lmatery 3 l 'oet  Derow ground sur facen

onstructed in  I949o A,n unusuat
pa r t i a l  oasemen t  r - s  a  separa te  un i t
u i l d ing  res ts  on  pe r lme te r  t rmber
c  r rave  i t s  own  conc re te  wa l l  f oo t i ngs "
1 t ,  a  s reeJ -  pos t  w i t h  a  va r l ab le
de ta i . Ls ,  see  F lg  .  3 l  ,

rd  between the t imber  s i I ls  and the
) re  a re  no  c racks  1n  the  conere te
Lhgp in  the second f roor ,  nas many
s i11s  "

PART IV CONCLUSTONS

GENr,-RAL CONCLUSIONS

fn  rev l -ew ing  expe r lence  w l th  d i f f e ren t  t ypes  o f  f ounda t lons ,1t  was noted that  som€ c-onsidenat lons-were appl lcabre to  a l l  founda-t l ons "  They  a re  as  f o l l ows l
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S l te  Se lec t i on

The  se lec t i on  o f  t he  bu l l d lng  s l t e  by  so1 l  su rveys  has  been
to ta l l y  neg lec ted  fo r  many  b l l l d i ngs  1 ;  t he  l ro r t f r "  Th i r  p i " l im ina ry
l tep should not  be over looked for  i t  largely  determlnes t i re  type of
founda t ions  to  be  used .

A l te r i ng  Ground  Cond i t i ons

I t  l s  p rac t l ca l l y  imposs ib le  NOT to  d i s tu rb  the  the rma l
equ i l l b r i um a t  a  bu i l d ing  s i t e -du r lng  a i i l a f t e r  cons t ruc t i on  o f  t he
st ructure '  Every ef for t  should be mid.e to  min lmlze th is  subsequent
lower ing of  the penmafrost  tab le and an a l - lowance for  i t  should be made
ln  the  des ign  o f  t he  founda t lons ,

Sur face Foundat lons

Any type of  foundat ion that  rests  on the ground sur face wi l l
p rove  unsa t l s fuc to ry  i f  i t  r es t s  on  g round  suscep t iU te  to  f ros t .  The
use  o f  sa t i s fac to ry  su r face  founda t lons  can  on l y  be  ean r led  ou t  i f  t h l s
H"? . t f s fac tgTy  so i l  1s  removed  and  rep laced  by  i on - f ros t  ae t i on  so l l  o r
1 r '  t he  unsa t i s fac to ry  so l l -  i s  t nea ted  w i th  admix tu res  to  e l lm ina te  the
t roub lesome  fnos t  ac t i on  cha rac te r l s t l c s "

Bur ied Foundat lons

Foundat lons that  extend ln to ground that  has detr imenta l  fnost -
act lon proper t les depend on the gr lp  wt tn whlch the permafrost  ho lds
them to combat  movement .  I f  foundai lons are not  suf i ic lent ly  embedded
ln  pe rma f ros t  t o  ove rcome f ros t -ac t l on  fo rces ,  s tab le  founda t lons  shou ld
no t  be  expec ted "

Economle s

Ttre economlcs of  t fbu i l_d lng ln  the 1 lor th f l  are d i f ferent  f rom
those  o f  t he  more  access ib le  reg lonJ  and  spp ly  to  the  cons t ruc t l on  o f
founda t tons  as  we l l  as  the  supeFs t ruc tu res . .  

*? ranspor ta t l on  
and  l abour

eos ts  a re  ! i g r t .  I n  add i t i on ,  t he  l n te rva l  du r ing  w f t t c f t  eons t ruc t l on
can  take  p lace  1s  res t r i c ted ,  I n  comba t t l ng  the  des t rue t i ve  ac t i ons  o f
permafrost ,  

!h"  des lgner  of  the foundat lons and the superst ructure
shou ld  the re fo re  ca re fu l l y  cons ide r :

r o  t he  ava i l ab i l i t y  and  u t i r r za t i on  o f  1oca I  ma te r i a l s ;

2 .  t he  t ime  when  cons t ruc t l on  can  take  p lace  to  p lan  an  o rde r l y
ma te r ia l  and  work  schedu le ;

3 "  t he  use  o f  t i gh t -we lgh t  bu l l d lng  ma te rLa l s  to  cu t  t ranspor ta -
t l on  cos t s ;

h .  ! h "  poss lb l l l t y  o f  dev ia t l ng  f rom conven t lona l  bu l l d lng  des lgn
to  p roduce  a  more  func t i ona l  a rc t l c  dwe l l l ng .



1.  The t imber  mudsl l l  is  thought  to  be an unsul tab le foundat lon
lg"  large or  permanent  bu i l ,d lngs o"" for  ant - tvpu-o i -uurrd. ing whlch has
l t s  s i t e  1n  so l1  suscep t t b l e  t o  f r os t .

2  o This  type of  foundat lon cou.

l i f ferent la l  movements of  the

3 .  De te r i o ra t l on  o f  exposed ,  t rea ted ,  t lmbe : :  muds l l l s ,  l n  some
loca l l t l es  can  be  expec ted  rn  as  i i t t l e  t lme  as  5  yea rs  a r though  a  few
have  l as ted  1O  yea rs .

4"  The f requeney wl th  whlch t lmber  mudsl l ls  appear  ln  t?re Mackenzle
R lve r :  d i s t r l c t  shou ld -no t ,  by  any  meanso  be  take 'n  as  an  l nd iea t i on  o f
t he i r  e f f ec t i veness .

26

CONCLUSIONS REGARDING FOUNDATIONS OI{ PERMAFROST

To  avo ld  repe t l t i on ,  conc lus lons  on  the  l nd l v ldua l  po rma f ros t
founda t ion  t ypes  d i scussed  have  been  re -a r ranged  in to  two  bnoaden
groupings,  sur face foundat lons and bur led fou idat ions"

Surface Foundatlons

T imber  Muds l l 1s

Tlmber Pad Foundat ions

to tfunlce:: pad
and timber pad

l o  Essen t i a l l y ,  t lmben  pad  founda t ions  a re  s im l l a r  t o  t lmbe : r  mud-
s i l 1s .  Conc lus ions  1  to  l+  i nc lus i ve  o f  f tT imbe ;  r v r "o " i i r ; ,  ; p ; i l - ; ;
t imber  pad foundat ions"

red  th l s  t ype  o f  f ounda t ion ,  p lac lng
red ground sur face.  I t  is  thouEht
)  was  t o  avo id  cos t l y  excava t {o i "
nended  espec ia l l y  l f  t he  bu l Id1ng  1s
rat  the f loor  of  the s t rueture wi t t
b  lowening of  the permafrost  tab le "

Conc re te  Pad  {ounda t ions

concrete pad foundat lons behave in  a l ike manner
founda t ions .  The i r  on ry  advan tage  to  t lmber  muds i r l s
founda t lons  i s  t he i r  g rea te r  au r iU t t i t y .

Bur led .Foundat lons

Pi le  D: : lv lng

J.  The impor tanc 'e of  not  d ls turb ing the vegeta l  cover  dur . tng p i le
d r l v l ng  canno t  be  ove r -emphas ized .  Th l s  i s  osua l l y  ve ry  d l f f l eu lE  to
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ach ieve  un less  the  a rea  l s  cove red  w i th  a  l aye r  o f  g rave l  t o  p rov lde  a
work lng  su r face "  I f  t he  g round  a t  t he  s i t e  i s  so f t ,  t hen  some cons lde ra -
t l on  shou ld  bo  g l ven  to  the  g rad ing  o f  t he  g rave l  used ,  The re  i s  a
poss lb l l l t y  t ha t  l f  t he  g rave l  l s  poo r l y  g raded ,  t he  l a rge r  s i zes  may
we l l -  wo rk  the l r  way  to  the  bo t tom and  b reak  up  the  vege ta t  cove ro

2  o  Due  to  the  l lm i ted  da ta  r  [ o  de f l n i t e  conc l -us lons  on  s team ,
thaw lng  have  been  reached .  S toam p ressu re ,  s l ze  o f  j e t  nozz le  and
dura t i on  o f  s teamlng  a re  bes t  de te rm ined  by  f l e rd  t r i a l sn  Exeess l ve
s teaml lg  l s  t o  be  avo idod  so  tha t  t he  re fneez lng  o f  t he  p l1e  wL l l  t ake
p laee  l n  as  shon t  a  t lme  as  poss lb l e "

3 "  The  p rac t i ce  o f  d r l v l ng  wooden  p l l es  bu t t -end  f l r s t  1s  commended .
Frequent ly  th ls  w111 end the tendency for  a  p l le  to  t tpop upt t  or  f loat  Ln
the thawed soi lo  An added benef l t  ls  the s l1ght  red.uct ion ln  the upward.
fnos t  heav lng  fo rce  "

I

4 .  The  p resen t  p rac t i ce  o f  d r i v l ng  p l1es  tw ice  the  th l ckness  o f  t he
ac t i ve  l aye r  l n to  pe rma f ros t  shows  favou rab le  resu l t s .  Sa t i s fac to ry
resu l t s  canno t  be  expec ted  l f  subsequen t  hea t  l osses  f rom a  s t ruc tu re
inc rease  the  th l ckness  o f  t he  ac t i ve  l _aye ro

5 .  P l l e  dn i v lng  shou l -d  p recede  ac tua l  eons t ruc t l on  o f  t he  bu l l d lng
by  the  l eng th  o f  t ime  requ i red  fo r  t he  p l1es  to  f reeze  l no  In  a reas
where the permafrost  tab l -e is  low or  where permafrost  occurs ln  sporadlc
l s lands ,  i t  cou ld  be  can r ied  ou t  du r lng  the  p rev ious  w ln te r "  Where
penmaf ros t  i s  onJ -y  a  few  fee t  be low  the  su r face ,  p i l es  can  be  d r l ven  a
mon th  o r  l ess  be fo re  cons t ruc t i on  o f  t he  bu l l d ing  p rope ro

P l1e  Founda t lons

1o  P l l es  a re  bes t  su l t ed  as  fo r :nda t l ons  fo r  bu l l - d lngs  w i th  h tgh
f l oo r  l oad ings  o r  where  the  bu l rd lng  s l t e  1s  l ow- l y tng  and  poo r l y  d ra ined .
When used as foundat lons for  heavy machlneryc such as-motors,  pu,* ,p"c oF
bo l l e rsa  PPesen t  p rac t i ce  favou rs  tha t  t hey  be  sopara te  f rom-  the
founda t ions  fo r  t he  res t  o f  t he  s t ruc tu re .  D l f f e ren t l a l  se t t l emen t  o f
the s t ructune w111 thus not  normal ly  a f fect  the machlneny"

2o  When  us ing  p l1e  founda t lons ,  basemen ts  a re  no t  usua l l y  poss lb le "
Per t i . aL  basemen ts  a re  poss ib le ,  bu t  ex t reme ca re  mus t  be  exenc l l ed  so
tha t  t he  the rma l  r6g lme  o f  t he  bu i l d lng  s l t e  l s  no t  a l t e red .  I f  a  base -
men t  1s  essen t l a l ,  o the r  t ypes  o f  f ounda t ions  w l l l  p robab ly  be  found
more  sa t l s f ac to r y .

3"  TVhen us lng p i les,  l t  ls  ext remely lmpor tant  that  the permafrost
tab le ls  not  lowered la ter  dur lng the l i fe  of  the bu11dlng.  Gnound
lnsu la t i ono  such  as  add l t i ona i  moss  cove r lng ,  an  a i r space -under  the
f l oo ro  bu l l d lng  sk i r t i ng  o r  bank lng ,  t ype  and  l oca t l on  o f  hea t l ng  un1 t ,
and f loor  lnsul -at ion ane impor tant  aspects  which should be consldered
along wl th  f  u ture use of  the s t ructu. re.

l+"  There j -s  much reason to doubt  the ef fect lveness of  tarpaper  and
grease  co l l a rs  on  p l l es  to  reduce  f ros t  heav ing "  They  may  be  e f fec t l ve
to a cer ta in  extent  dur ing the f l rs t  year ,  but  they are thought  to  have
no value ln  subsequent  ye&FS-o Thought  to  be more ef fect ive in  curb ing
f ros t  heav lng  a re  the  r t shoes t t  ske tehed .  l n  F ig .  ]  3 "
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5 '  The re  has  been  some con t rove rsy  as  to  the  de t r imen ta l  e f fec ts
o f  hea t  f l ow  down  a  s toe l  p l l e .  The  resu l t s  o f  l i ems tock  (a l t hough
l imi ted)  show that  for  bu i l -d ings under  normal-  eondi t lons,  the subsequent
Iower ing of  the permafrost  tab le around the p l le  ls  so sma1l  that  1b
shou ld  no t  a f fec t  t he  pe r fo rmance  o f  t he  p1 le ,

T imber  Pos ts

0n  the  w l i o le ,  t lmber  pos t  f ounda t lons  were  found  unsa t i s fae to ry
as  they  a re  ve ry  suscep t i b le  to  f r : os t  heav ing .  l j ecause  o f  t h l s ,  t he l r
f u tune  use  w i l l  pnobab ly  be  res t r l c ted  to  a reas  where  pe rma fnos t  1s  a
few  lnches  under  the .  vege ta l  cove r  and ,  l n  such  a reas ,  , f o r  unhea ted
bul ld ings or  ones wel l  lnsu lated f rom the Ar-ound"

Conc: :e  te  Pier  s

1o  Shor t  cone re te  p le rs ,  i f  no t  ba t te red ,  were  a l so  found  tq  k reave
due  t o  f r os t  ac t l on .  The  p rac t i ce  o f  us i ng  conc re te  pos t s  as  suppo r t s
fo r  t he  po rches  o f  bu i l d ings  1s  unsa t l s fac to ry "  D i f f e ren t l a l  movemen t
of  the bui ld ing and the porch may be so pronounced that  ent rance doons
may  become unse rv i ceab le .

2 .  - t sa t te red  conc re te  p le rs  appear  to  g i ve  favou rab le  resu l t s "
They  a re  re la t i ve l y  mass l ve  and  have  been  used  as  suppor t s  f o r  ex t ra

lu " t r y  l oads .  A  ba t tep  o f  3 :1  1n  the  ac t l ve  Jaye r  and  embedmen t  l n  pe rma-
f ros t ,  equa l  t o  t ha t  o f  t he  ac t l ve  l aye r ,  hav6  been  e f fec t i ve  i n  cu rb lng
f ros t  heav ing .  Mod i f i ca t l on  o f  t hese  f i gu res  (dec reased  embedmen t  l n
pe rma f ros t )  a re  i n  o rde r  i f  t he  dep th  o f  t he  ae t l ve  l aye r  exceeds  3  to
h  f ee t .

3 .  As  w i th  a l l  t ypes  o f  pe rma f ros t  f ounda t ions ,  conc re te  p ie rs
w i l l  be  i ne f fec t l ve  l f  t he re  l s  a  l owen lng  o f  t he  pe rma f ros t  t eb le
du r lng  o r  a f te r  cons t ruc t l on .  Th l s  e f fec t ,  even  l f  m ln lm ized ,  1s
usual ly  unavoldable and must  be a l lowed for  ln  the deslgn of  the
founda t lons .

Conere te  Pad  Foo t ings

1 '  t t e la t i ve l y  more  favou rab le  resu l t s  were  obse rved  fo r  bu r led
conc re te  pad  foo t tngs .  f f  t he  foo t l ngs  pene t ra ted  pe rma f ros t  f on  some
d is tance  then  f l - uc tua t i ons  o f  t he  pe rma f ros t  t ab le  wou ld  no t  be  fe l t
f unmed la te l y  un less  the  pe rma f ros t  t ab le  fe11  be low  the  foo t i ngs .  F ros t
heav ing  i n  t hese  cases  i s  no t  genera l l y  expe r ienced  as  the  pad  fo rms  a
large anchor  or  shoe.  However ,  the post  that  t ransmi ts  the load to  the
pad  shou ld  be  we l l  t l ed  l n  w l t h  t he  pad  as  i t  l s  poss ib l e  f o r  f a i l u re
to  oceu r  a t  t h l s  Junc t l on

2 .  A l though  des lgn  da td  l s  l im i ted ,  t he  ru le  o f  t humb to  ex tend
the  foo t i ngs  i n  pe rma f ros t  equa l  t o  t ha t  o f  t he  ac t l ve  l aye r  appears  I
sat is factory,  Thls  ru le  shoi r ld  g i -ve favourable resul ts  where the perma-
f ros t  t abLe  i s  h igh  bu t  mus t  be  nod l f i ed  fo r  a reas  o f  l ow- l y lng  pe rna f ros t .
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Concne te  WaI I  Foo t i ngs

1 .  0bse rva t l ons  o f  p resen t  p rac t l ce  w i t h  eonc re te  wa11  f oo t l ngs
seem to  l nd l ca te  tha t  no  ma jo r  mod i f i ca t i ons  o f  des lgn  have  been  ca r -
r i ed  ou t  f o r  cons t ruc t l on  on  pe rma f ros t .  The  resu l t  o f  t h l s  can  be
c lea r l y  seen  1n  many  de fo rn ied  bu i l d ings  w l th  conc re te  wa l l  f oo t l ngs
ln  the  Mackenz ie  H ive r  d i s t r i c t .

2 "  Mod i f i ca t l on  o f  s t anda rd  des ign  1s  essen t i a l  f o r  no t  on l y  has
the  i nsu la t i ng  vege ta l  cove r  been  removed  bu t ,  1 !  cases  o f  basemen t , s ,
t he  hea t  sou ree  l s  more  d l f f i eu l t  t o  l nsu la te .  The  usua l  one - foo t
g rave l  ma t  be low  the  basemen t  f l oo r  i s  l nsu f f t c i en t .  A  subs tan tLa l
g rave l  f l l l  ( f  t o  4  fee t )  w i th  pe rhaps  a . fa l se  f l oo r ,  l s  t he  t ype  o f
des ign  tha t  i s  requ l red "

M isce  l ] aneous  l ' ounda t ions

The  v lew  tha t  bu i l d ings  w l th  sa t i s fac to ry  basemen ts  cou ld  be  co r r *
s t ructed by havlng basement  end superst ructure on separate foundat ions
was  sugges ted  bynany  l n  the  f l e ld  l n te rv lews .

1o  The  ch ie f  c r l t l c l sm  o f  t h i s  t ype  o f  des ign  l s  t ha t  11 ' t he
he_at i1r6 uni t  is  to  be ln  the basementr -  there wi l l - fo l low a lowerJ-ng
o f  t he  pe rma f ros t  t ab le  wh ich  w i l l  a f f ee t  t he  supers t ruc tu re  found .a t i ons
as  we l l  as  t he  basemen t .  f f  t he  basemen t  un l t  i s  cons t ruc ted  as  a  r i g l d
re in fo rced  conc re te  box  Lhen  i t  can  w l ths tand .  t he  p re l lm ina ry  se t t l l n [
t ha t  oceu rs  un t i l  a  new the rma l  equ l l i b r i um l s  es t i b l i sh .ed .  The  supep-
s_ t ruc tu re ,  i n  t h l s  case ,  mus t  o f  neeess i t y  be  o f  r i g l d  eons t ruc t i on "
Not  on ly  must  i t  absorb the in i t ia f  movement  but  i t  must  wi thstand the
probable lncreased heavlng and set t l ing that  the lcwer ing of  the perma-
f ros t  t ab le  p roduces .  I t  i s  t he re fo re  doub ted  i f  t h l s  t ype  o f  r i g ld
cons t ruc t i on  i s  eeonomica l l y  p rac t l ca l "  However ,  l t  1s  though t  t f i a t
th ls  des ign can be modl f ied in  f f re  fo l lowlng mannero

2o iV iuch of  the fa i lure in  the bui ld ing repor ted,  in  Example 2 l  on

lage  2 [  ean  be  a t t r i bu ted  to  the  heav ing  and  se t t l i ng  o f  t he  muds l - I l s ,
Sur face spread foot ings would probably  react  1n the same walo The
supers t rue tu re  foo t i ngs  shou ld ,  t he re fo re ,  ex tend  tn to  the  g round .
S ince  the  basemen t  excava t i on  i s  necessa ry ,  t he  added  expense  o f  ea rny lng
these  foo t tngs  fo r  3  o r  l +  f ee t  be low  the  basemen t  f l oo r  i s  neg l i g tb le "
The  re in fo rced  conc re te  basemen t  f l oo r  i s  p laced  on  a  g rave l  ma t -as  a
s lab  separa te  f rom the  res t  o f  t he  s t ruc tu r ,e "  A  t imber  wa l l ,  w l th  space
be twoen  t t  and  the  exeava ted  s ide  wa t l ,  l s  packed  w l th  shav ings  as
lnsu la t i on .  Co lumns  in  the  basemen t  a re  equ ipped  w l th  j acks  to  compensa te
fo r  any  l n t i t i a l  se t t l emen t .  Fo r  de ta l l s ,  

- see  
F lg ,  32 "



PART V

Jv

RECOMNIENDATIONS

When a rev iew of  the Uui fJ fng foundat lons eonstructed at  the
va r ious  se t t l emen ts  was  made ,  one  l n te res t ' i ng  fea tu re  became ev lden t "
Tn  the  one  thousand  m11gs  o f  r i ve r ,  end lng  a t  t he  A rc t i c  Ocean ,  w i th
the s i te  condi t lons at  set t lements and bui ld ings ranging f : rom gnavel
to  s i1 t ,  and wi th  vary lng depth and extent  o f  permafrost ,  thene 1s no
pa t te rn  to  the  founda t lon  t ypes  encoun te red"  Cons t ruc t i on  techn lques
and deta l ls  are f requent ly  s iml l -an even though ground eondl t ions vary
cons lde rab l y .

The Mackenzle Rlver  Invest igat ions of  I95O showed'  that ,  wi th
present  pract ice,  for  every foundat lon type used there are r f iore un-
sa t l s fac tg ry  founda t ions  than  success fu l  ones .  Th l s  does  no t  mean ,  o f ,
cou rse ,  t ha t  a l l  o f  t he  p resen t  t ypes  o f  f ounda t ions  a re  unsa t i s fac to ry "
Since some haFbeen s i :ccessfu l ,  l t  would seem to lnd icate that  foundal i .on
types  can"be  adap ted  fo r  spec i f i c  g round  cond l t l ons .  S lnce  so l1  cond i -
t l ons  va ry  app ree lab l y ,  t he  se lec t i on  o f  f ounda t lons  fo r  a lmos t "eve ry
bu l l d ing  p resen ts  a  separa te  p rob lem.

Whi le  too mueh lmpor tance cannot  be at tached to the se lect lon
of  foundat ions for  speci f lc  so l l  eondl t ions l t  should be borne in  mlnd
that  the cost  and funct ion of  the s t ructure ean somet tmes be the contro l -
l i ng  fac to rs  i n  f ounda t ion  se lec t i on .  As  an  ex tneme examp le ,  l t  wou ld
be fo1 ly  to  have mudgi l l  founda, t lons for  a  large and expenslve brr l ]d lng
res t l ng  on  f ros t - suscbp t i b le  so t l ,  Muds111  founda t ions  on  f ros t -
suscep t l b le  so l l  wou ld  be  qu l te  j us t , l f l ab le ,  however ,  f o r ' a  sma l - l ,  un -
hea ted  bu l l d ing  ' s to r l ng  

non -pe r l shab fe  1 tems .  Economlcs  can ,  t he re fo re ,
nodi fy  the in l t la l  for , lndat lon seLect ion,

RECOMMENDED PROCEDURES

Before the foundat lons for  a  s t ruct r : re  can be se lected,  condl -
t ions at  the s i te  must  be known thoroughly .  Foundat ion se lect ion
shou ld  the re fo re  f611ow the  fo l l ow ing  sequence t -

a .  Reconna issanee  su rvey ;
.  b .  S l te  su rvey ;

c  o  Cos t  and  func t i on  s tudy ;
do  Founda t l on  se lec t i on .

8 .  Reqonna lssanee  Survey

The  f l r s t  s tep  sugges ted  i n  choos lng  the  s i t e  o f  a  p roposed
bui ld i 'ng is  to  obta ln a i f  poJs lb le  ln format lo i  on topographyr-  dr i lna€se
vegetat ion,  permafrost ,  and housing in  the genera l  area where the
s t ruc tu re  i s  t o  be  bu i l t ,  S lh l l e  t h i s  i n fo rma t ion  1s  bes t  ob ta lned  by
f i e ld  i nspec t l on ,  t h i s  i s  no t  economlca l l y  poss ib le  1n  many  cases
because  o f  t he  Long  d l s tances  i nvo l vod .  

' l ' o  
a  l im i ted  ex ten t ,  va r l ous

government departments may be able to supply. lnformatlon about the areas
coneerned .  f n  mos t  cases ,  however ,  an  exhaus t l ve  l l t e ra tu re  a r r r vey
wi l l  have to  be carr t red out .
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Fnom the  cons ide ra t l ons  o f  t opography ,  vege ta t i on ,  and
geo logy  (ou tL ined  i n  Pan t  I I ,  r rPe rma f ro l t r ) r -  s i rpp le i l en ted  w i th  o the r
loca l  i p fo rma t ion ,  one  o r  two  p re l lm ina ry  s i t es -  t an  then  be  choseno
Pne fe rence  shou ld  be  g i ven  to  s t t es  wh ieh

( i )  A re  under la in  by  bed rock  a t  a  conven ien t  d l s tance  be low  the
ground sur face;  or

(11 )  Seem to  l nd i ca te  so i l  wh ich ,  even  i f  t hawed ,  wou ld  p rov l -de
a  su t tab le  founda t lon  ma te r ia l ;  o r3

( f f f  )  ar"e ent ine ly  f ree o l l  permafrost  or  where pernafrost  occurs
con t i nuous l y  as  opposed  to  l oca t l ons  wher "e  l t  occu rs  l n
spo rad i c  l s l ands ;  and

( l v )  Seem to  i nd i ca te  good  d ra i nage ;  and

(v )  Show.  no  s igns  o f  f ros t  ac t i on  such  as  f ros t  moundsx ,  f ros t
b l is ters , i i .  or  f rost  bo i l lng. ; i ;  and.

( v l )  A re  no t  a t  t he  foo t  o f  s l opes  as  these  s l t es  may  havo  gnound-
water  seepages which may resul t  in  ser lous le ln ! -x-  dur l i lg
w in te r .

tVh l l e  t he  p reced ing  cond l t l ons  app ly  to  spec t f l c  s l t e  eond i -
t i ons ,  t he  genera l  l oca t l on  o l l  t he  s t ruc tu re  shou ld -no t  be  fo rgo t ten "
Th "  exac t  pos i t i on  o f  a  bu i l d i ng  w i l l  no t  o f t en  be  d l e ta ted  by  i t s
funct ional  requi rements a l though t rRadlo Ranget t  and t t fnstnument  Landlng
Sys temf t  bu i l d tngs  a re  two  no tab le  exeep t lon i .  Genera l l y  a  ce r ta in
f l e r l b i l l t y  o f  l oca t l on  i s  aL lowed .  The  bu l l d ing  shou ld  o f  necess l t y
be - - i n^ the  genena l  a rea  o f  t he  se t t l emen t  o r  l n  t [ e  v i c in l t y  o f  o the r
bu i l d lngs  to  wh ich  l t "  i s  re la t ;ed . "  -Fo r  

conven iencee  i t  shou ld  be
reasonab ly  c lose  to  the  s to res r  l t  r equ l res  and ,  l f  a  dwe l f i ng ,  c lose
to  the  o the r  nes idences  o f  t he  se t t l omen t ,

b. SLte Sr:L::veys

When  the  reconna issance  su rvey  has  p l cked  ou t  one  oF ,  be t ten
surveys should be carr led out  a t

?es they need not  be e labonate and
b ted  en t l re l y .  Fo r  a  dwe l l i ng ,  s l x
r l es  w l th  a  hand  auger  w i l l  be  su f -
r  be  con t i _nuous ,  and  cons tan t  l n
Les  revea l  l r regu la r l t i es  such  as

the  pe rma f ros !  ex i s t i ng  i n  spo rad lc  l s l ands  and  a t  va ry lng  dep ths ,  t he
ex l s tenee  o f  l a rge  l ce  l enses ,  o r  a__chang lng  o f  t he  so i t  f r o f i f e ,  t hen
add i t i ona l  ho les  shou ld .  be  bo red .  Under i t anAaUty ,  a  bo r lng  1og  mus t
be  kep t  and  shou l -d  neco rd , : -

(1)  A sketch of  the area showing topographlc  and dra lnage forms;

. ce  l enses ,  l f  any "  
'
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bhe act lve layer  should be taken
n imen ta ]  f ros t  ac t i on  can  be  ex_
has  been  found  to  be  a  sa t l s fac to ry

nos ,  - suseep t l b l e  so i . 1s  
"  F ros t_

:m gnading-wi th  greater  than 10 pe:r
2 mm-.  in  s ize,  and those non_unl formly
r f  t he  pa r t i c l es  f i nen  than  0 ,02  nn .

P re fe rence  shou ld  be  g l ven  then  to  s l t es :_

(  i  )  Hav ing  subso i l  wh ich ,  even  i f  t hawed ,  wou ld  p rov lde  a  su i tab lefounda t ion  ma te r ia l ,  examp le  *  g rave i ;

(1 r )  En t i re l y  f ree  o f  pe rma fnos t  o r  where  pe rma f ros t  occu rs  eon -t i nuous l y ,  as  opposed  to  l oca t i on "  t r r rb re  i i  occu rs  i n  spo rad ic
i  s l a n d s ;  

P  r ' r  D H '

( i 11 )  Hav lng  good  d ra i nage ;

( l v )  Hav lng  an  ac t i ve  l aye r  w i th  no  f r "os t - suscep t l b re  so11 ;

( v )  A re  no t  under la in  by  i ce  l enses l

c .  Cos t  and  Func t i on  S tudy

he type of  foundat lon i t  is  weI I

s  un important  a l though d l f ferent laL
o  be  avo lded .

d "  Se lec t l on  o f  Founda t ions

Led  p l c tu re  o f  t he  s l t e ,  cos t  and
re r  can  now s ta r t  t o  se lee t  t he  mos t
_marry choice wl1 l  be governed by
rnd funct j_on may modi iy  the ehoiee"

rh i ch  w i l _1  a f fec t  t he  founda t ion
re permafrost  zor le .  The act iv , .  layer ,.pec wl l l  present  a s tandard forn i
;  f r om f ros t - suscep t l b le  so i l "  The
more  comp lex  p rob lem s ince  i t s  dep th "
pp rec lab l y  t he  cho lce  o f  cons t rue t i on
o rd ing l y ,  f ounda t ion  se lee t j _on  l n
,  a reas  where  l t  occu rs  i n  spo rad ic
the  nex t  sec t l ono  Cons t fuc t i on
ns for  the act lve Jayer  are then g iven
a f ros t  r eg lon "
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CI{ARTS FOR

CoNSTRUCTrON TECHNTQUE AND FoUNDATToN SELECTToN

After  much thought ,  l t  was declded to  condense the foundat lon
solect lon recommendat lons ln to a se l f -explanatony graphica l  formo
These recommendat ions are lneruded ln  the three char ts  whlch fo l low"
I t  should be borne 1n mlnd that  they are based on one suntmeres s tudy,
Cormt ients  on the form or  content  o f  the char ts  wl I I  thenefore be
wel-comed 

"

The thnee chants for  Constnuet lon Technique and Foundet lon
Select lon are concerned wi th  the two ground eondl t l  ons that  a f feet
foundat tonse the permafnost  zons and the act lve layerr  Be fo l lows ' ;

Char t  I  Cont inuous Permafrost l
Char t  I I  Spo rad ic  I s l ands  o f  Pe rma f ros t ;
Chgr t  I I I  The  Ac t i ve  Layenu

Comblned,  they at tempt  to  answef  the deslgner ts  quest lons on the type
of  construet lon and foundat lons fon a par t leu lar  bu i ld lng at  a
spee l f i c  s l t e .

Knowlng the extent  o f  the permafrost  a t  the s l te ,  tho
select ion of  the found.at lon type ls  carr ' led out  ln  the fo l lowlng
sequence fnom Chart  I  or  I I  by conslder lng;

1o  The  compos i t i on  o f  t he  pe rma f ros t ;
2 "  Cons t ruc t l on  teehn lques  bes t  adap ted  fo r  t he  s l t e ;

3"  The genera l  type of  foundat ion;

4 .  Qos t  o r  lmpon tance  o f  t he  bu l l d ing ;

5 "  Su l tab le  founda t ion  t ypes  l n  o rden  o f  mer l t .

Char t  I f I ,  I tThe  Ac t l ve  Layenr t ,  l s  t hen  app l l ed  1n  a  s lm l l a r
manner  and the construct ion technlque and foundat lon type se lected f rom
Chart  I  or  I I  1s then modl f led to  su i t  the eondi t ions of  the act ive
layer" The heavy l lnea on the charts show reeommended methods. Ttrus
the char ts  ean be ut l l ized to  a cer ta ln  extent  even 1n the f le ld  ln
the so l ,ect ion of  bu lJ-d lng s l . tos o
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O T T A W A  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  .  N A T I O N A L  R E S E A R C H  C O U N C I L  C A N A D A

coNsTRucTtoN TEcr{NrquE ANP FOUNPATION SELECTION

V E  L A Y E R9I{ART III A C T  I

t - - - - -
I

F R , O S T  A C T  I O N

CIIARACTERISTTCS

6 O N S T R U C T I O N

T L C H N I Q U E -

NO FROST ACT !ON

C g A A A C T E R I S T I C S

I
I

C O N  S T  R U C T I O N

T L C H N I q U E - -

I
S T A N  P A R D

I

)l(

SURFACE-  FOUNPATIONS BI I  R tEP  FOU NAAT  ION S

RE.MOVL AN'  AEPLACE

\VITH NON -  FROST

S U S C L P T I B L L  S O I L .

I
I

I
I

PE ' lMANENT
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CONCLUSION

The Dlv ls lon of  BulJ .d lng Researerr  o f  the } Ia t lonal  Researeh
Councll  ts aware of the fcct that much of the lnformatlon in thl"s
repor t  ls  descnlpt lv€ o The accumulat lon of  des lgn data ln  the fLeLd
of  foundat lons on perm&fnost  ls  a  long- tenm pro ject  whleh the
Dlv ls lon has s tar ted onl -y  recent ly .  The reader"  Ls agaln nemlnded
that  th ls  repor t  ls  based on ln format ion gathered dur ing one su i l t r ler ts
f le ld  t r lp .  The eanly  pubr lcat lon of  the repont  was prompted
beeause of the expr6ssed need for sueh lnfornratlon by many rnembers
of  the englneenlng profess lon.  I t  ls  hoped th ls  peper  wlJ .1 prove
usefu l  to  englneers,  especlaf ty  those aet lve ly  engaged tn ogul td lng

ln the Nor tht r "  Comments on the repont ,  espeeLel ly  upon the eon-
e. l -us lons and neeonmendat lons,  wl11 be welcomed" fhe Dlv ts lon of
Bul1dlng Researchn by means of  l ts  eont lnu lng f le ld  s tudlos and
close sontacts  wl th  othen depantments of  the Canadlan govennnento eg
wel l  as those of  the Unl ted.  States goverrunent ,  wt l - l  endeavour  to-
keep Canadlan englneeps wel r  ln formed on developments ln  thLs f le ld ,
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Fig .  8 .  S team je t t ing  p ipe  used
at the Giant YeLlowkni fe GoId
Mines. The pipe is one inch in
diameter udth a s inEle l - inctr
(approx imate ly  )  noz i le .

FIB :  9 .  C lose -up  o f  s team je t  used
at Giant Yellowknife Gold Mines for
thawlng p i le  l -ocat ions.  Note l lqu id
nature of  thawed soi l r  p lpe nboxlngn,

and protect ive mine-muck f i l ] .

7. U. E. B t?o47  ? .O .R  22



Fig .  10 .  P i les  a t  G ian t  Ye l }ow-
knife Gold Mines are npushed?t into
the thawed soi l  by means of  a D I
Caterp i l la r ,  w ' inch ,  and eab le .

F ig .  11 .  C lose -up  o f  d r i ven  p i l e ,  eu t
of f  to  des i red e levat ion and wedged
in to  pos i t i on .  No te  ta rpaper  co l Ja r "
(Giant Yel. lowknife Gold Mines, Yellow-
kn i f e ,  N .  W.  T .  )

T./V.A REPOAT,  P .E .R -  22
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Ftg .  15 .  Doub le  o r  n fa lsen concre te
f loor used to minimi.ze heat f low
into ground.

F ig .  16 .  Shut te r
in5uLat ion  (moss)
bu i ld ing .

removed to show
placed under  the

R E P o R f  P . 8 . 4 .  2 2
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Fig.  19. Boi ler  house at  Nonnan Wel}s,
The maln cause of settlement is that
boiler washwater is allowed to drain
under the building.
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F is .  2 ) .  A l l  Sa in ts
(Ang l i can) ,  Ak lav ik ,
under construct lon at

Mission Hospi ta l
N .  W.  T .  Annex

1e f t .

Fig.  2 l+.  T imber  pad foot ings used
a t  A l l  Sa in t s  Hosp i ta l  (Ang1 ican )
Annex ,  Ak lav i k ,  N .  W.  T .
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SETTI,EN,MNT: -

LOCATION:  -

DATE: -

APPENDIX A

SAMPI,E OF A F]ELD SETTI,EMENT REPORT

For t  l v l acPherson ,  N . f i l nT .

La t i t ude  67 "  271
Longitr-a.de 131.Lo 53t

31 Ju lyu I95O

J"  D .  Wa lke r

) o

6"

l r "  REPORT BY: -

PERSONS CONTACTED

Mro  Sedgew ick  -  H .  Bo  Co  i ' danager
Mr. Tlmrnons * ,A.ngllcan lvi isslon
Mrs.  Sml th -  Nurse
Mlss  S tua r t  Sehoo l - teacher :

S fTE : -  Fon t  MacPherson  i s  t yp l ca l  o f  t he  r l ve r  se t t l emen ts  l n  t ha t

f lE-Extend.s a lons the bank for  about  a mt le ,  I t  ls  s i tuated on the

r tght  bank of  the Peel  Rlver  about  2 l  mLles fnom i ts  junct lon wl th
the  Mackenz le  R lve r ,  I t  l l es  due  wes t  o f  Anc t l c  Red  R lve r "  The
bu l l d lngs  a re  abou t  B0  fee t  above  the  r i ve r  l eve l  and  cons i s t  o f  t he
H ,B .C  n  Pos t ,  Ang l l can  f t i l s s l on ,  Nu rs l ng  S ta t i on ,  R .C .M .P"  Pos t ,  8 r
ind.ependent  t rader ,  a  new school  under  construct lon and severa l
I nd ian  eab ins .  The  I I .B .C .  manage r  ma in ta l ns  a  r oad  down  the  g teep

sca rp  to  the  r i ve r  and  hau ls  s to res  by  t rac to r  and  s led  f rom the
boa ts  to  the  so t t l emen t  1eveJ .  The  a rea  l s  c lose l y  su r rounded  by
w i l l ow  and  a lden  t rees  w l th  sp ruce  t rees  g row lng  fa r the r  back "

An  a l r s t r i p  was  su rveyed ,  t owards  the  end  o f  t he  waro  abou t

I  m i l es  ups t ream"  The  cons t ruc t l on  camp was  bu l l t  and  equ lpmen t
moved  in  bu t  t he  scheme was  cance l l ed "

GEOLOGY:-  The h igh r iver  bank on which the set t lement  ls  bu i l t  ap-
pea rs  Eo  be  a  t t ro i t en  sha le l f  ou tc rop  wh ich  can  be  c lea r l y  seen  on

the  r i ve r  banks  "  Loca l  repo r t s  o f  sma1 l  excava t i ons  i n  t he  bu l l d tng
a reas  i nd i ca te  a  top  l aye r  o f  o rgan lc  so l1  and  s i l t  f o r  abou t  2  fee t
and  they  g rey  c1ay "  OnL  excava t i on  encoun te red  g rave l  a t  l +  f ee t .

The  se t t l emen t  i s  i n  t he  a rea  o f  t he  Cre taceous  sha les  and
sands tones .  Acco rd i -ng  to  Carnse l l  ( 5 ) ,  t he  Pee l  R lve r  f rom abou t  25
mi les above For t  MaePherson f lor ins through t t low ly ing 1evel  country
under la ln  by  so f t  sands tones  and  some cong lone ra tes "  0n1y  a l l uv la l
sands  and  c lays  a re  exposed  be low  Fo r t  MacPherson t f  o

I I IST0RY:-  For t  MacPherson 1s one of  the o ldest  set t lemente ln  t l ie
T;TEt f f i? le  Dls t r ic t  and was the main post  for  the Anct ie  coast  unt i l
Ak lav lk  was establ ished,  f 'ur ther  nor th in  the del ta ,  ln  191-2.  In

1B3q John Be1I  explored the Peel  River  and in  1Bh0 establ lshed For t

MaePherson  ( t f ren  ca l l ed  Fo r t  Pee l )  repu ted l y  h  m1 les  ups t ream f ro rn
the present  s l te  n Because of  f loodlng they moved 1n l8 l+2 or  1e43

7"
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to the new sl te.  At  that  t lme the sett lement was hal f  Indlan and
ha l f  Esk lmor  separa ted  by  the  I [ .8 .C.  S tone.  Bs t t les  were  eommon
throughout the countny.

The Ang l ican  iV i l ss lon  was es tab l l shed in  1875 and ob ta lned a
stnong fol lowlng ln that  area. The l ioman Cathol ie mlsslonar les ar-
r ived in l8to,  but  they ruere f lnar ly forced to leave ln l8g! .

The niven is not used as a route to the Yukon now but thene
is a wlnter trall- over the mountains to Old. Crow ln the Yukon" At
!h" pnesent t lme there are no Eskimos as far  south as Font MacPhereon.
The natlves are Kutchin on Loucheux Indlans l ivlng mainly on fish
and trapplng in the winten. Muskrat  is  the most i lent l fu l  fur  ln
th ls  a res .

Populat lon:-  fndlan 350- l+00
Whlte I0



1.

1 0

3.
I

4"

BUILDTI{G:  -

L O C A T ] O N :  -

DATE: -

REPORT BY: -

PLANS: -
6:fr-lJabte

APPENDIX B

SAMPLE OF A FIELD BUTLDING REPORT

Res idence ,  Mr .  A .  She rwood

Norman  ! , i i e11s ,  N .W.T .

23 Ju1y,  A95O

J .  A "  P ih l a i nen

The  bu i l d ing  was  cons t ruc ted  by  & l r "  Sherwood .
.  f n t e res t i ng  des ign  f ea tu res  a re :

bu i l t  o f  na t i ve  ma te r l a l "

No  p lans  a re

q

bu l l t  w i th  the  v iew  o f  be ing  as  i ndepend .en t  as  poss lb le
o f  Impe r i a l  0 i 1  Co .  L td "  camp  se rv i ees ,

bo  SOIL : -  Dese r i bed  by  i v . l r .  She rwood  as  be ing  a t t bou lde r  e l ay  t i l 1  w l t h
F l -enses t to  Pe rmar "o " t  f  ound  18  i nches  be low  the  su r face  o f  und ls -
tu rbed  muskeg  ln  Augus t .

7  "  I=OUNDATIONS; -  L ln t rea ted  wooden  p i l es  d . r i ven  13  fee t  bu t t : end  f i r s t "
I ' r r e re  1s  no  ta rpaper  co l1a r "

B .  FLOOR: -  Bu i l d i ng  on  s l op ing  g round "  A i r space  +  2  f ee t  a t  f r cn t  t o
T -3 -Tee t  a t  back l  S ldes  banked  w i th  

" " * t r r ' .  
F16or  sec t i on : -  1 - i nch

Ehea th ingu  t a rpape r ,  2 -  by  6 - i nch  ; o i s t s ,  6  i " " r r uu  o f  sawdus t  be tween
jo l  s t s  and  a  doub le  f  l _oo r  "

9 .  V /AL ! : -  l - i nch  sp ruce  w i th  ba t tens  ove r  j o ln t s  (g reen  sp ruce  used  so
be  ens  cove r  sh r inkage  c racks )  2 -  uy  l+ : i nc r r  s tu t s ,  j +  i l ; ; ; ; ; i  sa lu *
dus t  be tween  s tuds  and  wa11 -boa rd "

10,

11 ,

!2 "

13 ,

CEMNG: *  One  p l y  ce i l i ng  w ibh  venee r .

R00F : -  One  l nch  sp ruce  l eng thw ise  on  ra f t e r s ,  t a rpape r ,  p  by  hn "lETd '  f l a t  and  space  f  i l l ed -w i th  sawdus t ,  l - i nch  sp ruce -a t  n igd t  ang les
to  f i r s t  l ay i ng  and  6 * i nch  ba t t ens  t o  cove r  j o i n t s .

ATT fC : :  No  condensa t i on "  No  ven t i l - a t i on  bu t  c raeks he1p "

I IEATING: -  Nabura l -  gas  cook ing  s tove ,  and  gas  hea te r  i n  l i v i ng  roomo
TIdE-frbTe:: from I.O;L. camp steam.

i l + "  WATER: -  F rom f .O"L .  camp bu t  t he re  i s  a  s to rage  tank  above  the  k l t chen
;;q-TT- -
v v t r 1 1 1 6 o

15"  REMARKS: -  0n1y  one  p i l o  was  heaved  cons ide rab l y  (Sw.  eo rne r ) "  Th i s
wf f iT€Et  af ter  const r . rc t ion.  P i le  was not  su i f ic ient ly  anchored and
heaved  app rox ima te l y  an  i ncho  Hesu l t  1s  tha t  t he  ce i l l ng  has  pu11ed
away  f rom the  wa l l  a t  t h i s  l oca t i on  by  l /Z  i nch .



APPENDIX C

DEFINITIONS 
(6 )

Active Layen

Ait ive f i i tethod
(o f  eons t ruc t l on )

Adfnee zLng

Fros t -B1 ls te r

Fros t -8o11

Frost  Heavlng

Frost-Mound

Ic lng

Pass l ve  Me thod
(o f  cons t ruc t l on )

layer of ground above the per"mafnost

wh ich  f reezes  and  thaws  seasona l l y "

met t rod of  const ruet lon ln  which the

permafrost ls thawed or removed frorn

the s l te  o

the  p rocess  by  wh lch  two  ob jee ts  ad - .

here- to one another owlng to the

f reez ing  o f  t he  wa ten"

a mound or an upwarp of surf lelal
groirnd eaused ckrlef ly by the hydro-

stat lc  pressure of  groundwatero

accumu l -a t l on  o f  excess  wa te r  a t  a

p lace  o f  acee le ra ted  sp r ing  thaw lng  o f

ground- lce o I t  nsuaL- ly  weakens the

iur.face and rnay break through causlng

a quagmire.

an upward for:ce usually manifested by

a more or less marked uPwarP due to

the swer l lng of  f rozen ground"

an upwarp of land surface eaused bY

the 
-combined 

act lon of  (1)  expanslon

due ta t reez lng of  water ,  (2  )  nYdrg-

stat ic  pressure of  gnoundwater ,  and

(3 )  f once  o f  c r ys ta r l i za t i on  o f  l ee "

a mass of surface lce formed duning

the wlnten by sueeessive f reez lng of

sheets of  water  that  maY seep f rom

the gnound from a rlver on fnom a

spr lng"

method of constnuetlon 1n whlch the

permafrost  1s pneserved by not  a l ter lng

br d.isturblng trre thermal r6glme of

the ground. at or ln the vlclnlty of the

st ructure "



Penmafnost

Per"mafnost Table

Seasona i l y  F rozen
Ground

Sporadlc  Pernafrost

Tal1k

c-2

a  th l ckness  o f  so l I  on  o the r  sun f i e la l
depos l t  o r  even  o f  bed rock ,  a t  a
vanlable depth beneath the sur faeb of
the eanth, ln whlch a tempenatune below
freezlng has ex ls tod for  over  two years"

a more or  less l rnegulan sur face whlch
represents the upper  l imt t  o f
pe rma f ros t ,

ground f rozen by low eeasonal  tempena-
tunes and romalnlng frozen only through
the  w ln te r "

penmafrost  oc 'curr lng as scat tered
is lands ln  the area of  dominant ly
unfrozen ground"

a Russlan term for a J-ayer of unfrozen
ground between the act lve layer  and the
permaf ros to  A Iso  app l l es  to  an
unfnozen layer  wl th ln  the penmafnost  as
wel l  as to  the unfrozen ground beneath
the penmafrost ,


