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PREFACE 

The study of basementless houses, and i n  p a r t  i c u l a s  
h ~ u s e s  constructed on concrete  s l a b s  above ground, has been 
m e  of t h e  major housing research  i nves t i ga t i ons  of t h e  
Division of Building Research i n  view of t h e  apparent economies 
of t h i s  type of design and i t s  inc reas ing  use i n  North America. 

The D iv i s i on ' s  i n t e r e s t  i n  t h i s  sub jec t  was first  
d i r e c t e d  toward problems which had a r i s e n  regarding t he  
a p p ~ o v a l  of such houses by t h e  c i t y  bui ld ing  a u t h o r i t i e s  of 
Winnipeg, Manitoba. The Division was p r i v i l eged  t o  co-operate 
with  the  City Engineer, M r .  W.D. H u r u t ,  i n  reaching some 
I n i t i a l  conclusions regarding the  r e q u i s i t e  design of concrete  
s l aba  f o r  t h i s  purpose. 

This  work d i r ec t ed  a t t e n t i o n  t o  t he  many unknowns 
In t h i s  type of house design,  not only wi th  regard t o  the  s l a b  
i t s e l f  but i n  connection wi th  i t s  e f f e c t  upon underlying s o i l ,  
A long-term and major r esea rch  program was t he r e fo r e  planned 
whlch included the  e r e c t i o n  of two experimental houses on 
f l a t  s l a b s  constructed a t  t h e  Montreal Road Labora tor ies  of t he  
National  Research Council i n  Ottawa. 

When these  f i r s t  t e s t  s t r u c t u r e s  were suceess fu l ly  i n  
m e  it w a s  decided t h a t  i t  would be a good t h i n g  i f  t he  study 
~ o u l d  include l o c a l  s o i l  condi t ions  a t  Winnipeg. The Divis ion  
welcomed the  opportuni ty which t h i s  a f forded of co-operating 
wlth the  Universi ty  of Manitoba, through Dean A.E. MacDonald 
of  the Facul ty  of Applied Science and Arch i t ec tu re ,  and wi th  
+he assistance of Professor  Andrew Baracos who has worked wi th  
t h e  Division now f o r  some years  i n  vacat ion  per iods  and i n  
association with  o the r  bui ld ing  resea rch  work i n  Winnipeg. 

Tkis  r epos t  i s  a first  account of t h e  Winnipeg t e s t  
kuilddng and , k t  secords  the  more s i gn i f  i.carat r e s u l t s  obtained 
'-JY P P Q ~ ~ S S Q ~  Basacos. These r e s u l t s  w i l l  be assoc ia ted  w i t h  
Lki*se obtained in Ottawa i n  a s e r i e s  of papers wh.kch the  
B?vislon hopes t o  publ ish  on t h i s  major  p r o j e c t ,  

I n  t he  meantime, tkiis r epo r t  i s  published a s  a con- 
.,*s?.ient record of w h a t  has been done i n  Winnipeg, This  preface 
z f fc rds  t h e  oppostunity of recording t he  Div i s ion ' s  apprec ia t ion  
f 3  t b e  Univers i ty  of Manitoba, t o  Dean MacDonald, and t o  
Professor  Baracos f o s  t h e i r  splendid co-operation i n  a l l  phases 
of this work, 

Ottawa, 
A?~gus t  1956. 

Robert F. Legget, 
Di rec to r .  



FT,Ai' SLAB TEST HUT PROJECT 

WINNIPEG, MANITOBA 

A .  Baracos 

Baserncntless houses b u i l t  on ground o r  gravc L 

supported concrei;e s l a b s  a r e  a promising new innova t ion  i n  
Canadian home b u i l d i n g .  Where basements a r e  d i f f i c u l t  Lo 
excava te ,  o r  where t h e  owner des i r l e s  t o  have a l l  e s s e n t i a l  
servi-ces on one f l o o r ,  t h e  basement less  house o f f e r s  many 
advantages .  Such houses have been b u i l t  i n  s e v e r a l  Canadian 
c i t i e s  i nc lud ing  Winnipeg where t h e r e  h a s  been cons ide rab le  
i n t e r e s t  i n  basement less  homes. Because of t h i s  i n t e r e s t  and 
a l s o  t h e  unusua l ly  d i f f i c u l t  foundat ion  c o n d i t i o n s  caused by 
heavy c l a y s ,  Winnipeg was s e l e c t e d  f o r  t h e  l o c a t i o n  of a  
f i a t  s l a b  t e s t  h u t .  Two o t h e r  t e s t  h u t s  were cons t ruc t ed  i n  
Ottawa, where t h e  main f a c i l i t i e s  of t h e  Div i s ion  of Bu i ld ing  
Hesearch of t h e  Nat iona l  Research Council a r e  l o c a t e d ,  and 
where s o i l  c o n d i t i o n s  a r e  a l s o  s e v e r e .  

Very ~ i c i l e  inSormaLion has  been a v a i l a b l e  t o  the  
home Guiluer  on  he performance of basementless f l a t  s l a b  
construct ior :  s r c i c u l a r l y  under Canadian c o n d i t i o n s .  
Informat ion has a l s o  been p a r t i c u l a r l y  meagre on t h e  i n t e r a c -  
t i o n  of t h e  s l a b  and s o i l  where c l a y s  a r e  s u b j e c t  t o  s easona l  
volume changes O r  t h e  p o s s i b i l i t y  of f r o s t  heaving e x i s t s .  
Both of t h e s e  c o n d i t i o n s  a r e  known t o  occur  i n  Winnipeg and 
Ottawa and a r e  t y p i c a l  of t hose  i n  many p a r t s  of Canada. 

The s t u d i e s  i n  Winnipeg were conducted c o - o p e r a t i v e l y  
by t h e  Div i s ion  of Bui ld ing  Research of t h e  Nat iona l  Research 
Council and t h e  C i v i l  Engineer ing Department of t h e  U n i v e r s i t y  
of Manitoba. The t e s t  hu t  was l o c a t e d  on t h e  U n i v e r s i t y ' s  F o r t  
Garry campus. 

GENERAL CONS IDERAT IONS 

There a r e  s e v e r a l  t y p e s  of basement less  houses 
supported on conc re t e  slabs.  I n  t h i s  i n v e s t i g a t i o n ,  however, 
t h e  monol i th ic  f l o o r  s l a b  suppor t ing  both  i n t e r i o r  and ex- 
t e r i o r  walls was t h e  only type  of c o n s t r u c t i o n  cons idered .  
The s l a b  may be supported d i r e c t l y  on a prepared ground 
s u r f a c e  o r  on a g r a v e l  bed. The problems a s s o c i a t e d  w i t h -  
t h e  i n t e r a c t i o n  of a  r a d i a n t  hea ted  f l o o r  s l a b  and t h e  under- 
l y i n g  s o i l s  dnder o p e r a t i n g  c o n d i t i o n s  r ece ived  prime 
a t t e n t i o n .  Also included i n  t h e  s tudy  were o b s e r v a t i ~ n s  
du r ing  c o n s t r u c t  i on  and "year-round" ope ra t  i on ,  l a b o r a t o r y  
and f i e l d  s o i l  t e s t s  and c o r r e l a t i o n s  of s l a b  and h u t  
performance under a l l  weather c o n d i t i o n s .  The d a t a  were 



extens ive  enough t o  be u s e f u l  i n  o t h e r  forms of basementless 
house cons t ruc t ion .  

Because of t h e  l a c k  of des ign  information,  most 
basementless f l a t  s l a b  houses have been cons t ruc ted  using 
very conservat ive assumptions.  To inc rease  t h e  p o s s i b i l i t y  
of observing a f a i l u r e ,  t h e  Winnipeg t e s t  hut  employed what 
was considered t o  be minimum o r  'even subminimum s tandards :  

(1) The concrete  f l o o r  s l a b  was only 6 inches t h i c k .  
Ext ra  th ickness  a t  t h e  per imeter  o r  r e i n f o r c i n g  of 
any type was omitted; 

( 2 )   he s l a b  was placed d i r e c t l y  on t h e  h igh ly  p l a s t i c  
c l a y s  a f t e r  removal of the  over ly ing  sod. No g r a v e l  
bed was employed. ( A  grave l  bed was used i n  one of 
the  two Ottawa t e s t  h u t s ) ;  

(3 )  concrete  having a 28-day s t r e n g t h  of 2000 p s i  was 
s p e c i f i e d ;  

( 4 )  The s i t e  was s e l e c t e d  on t h e  basis of having c l a y s  
suscep t ib le  t o  high swel l ing  p r o p e r t i e s  on we t t ing  
and undergoing sh r ink ing  on drying;  

(5 )  The e l e c t r i c  h e a t i n g  cable  f o r  r a d i a n t  hea t ing  was 
placed a t  t h e  n e u t r a l  a x i s  of t h e  s l a b  s o  as not  t o  
c o n s t i t u t e  r e i n f o r c i n g .  

With t h i s  cons t ruc t ion ,  it was considered t h a t  over 
a period of s e v e r a l  yea r s  t h e  f l o o r  s l a b  would be subjec ted  
t o  cond i t ions  of s u f f i c i e n t  s e v e r i t y  t o  permit a  performance 
eva lua t ion ,  

TEST HUT 

Figure 1 shows t h e  t e s t  hut  used i n  Winnipeg and 
which i s  s i m i l a r  t o  t h e  two Ottawa t e s t  hu t s .  It i s  con- 
s t r u c t e d  of p re fabr i ca ted  i n s u l a t e d  plywood panels  .supported 
on a s l a b  20 f e e t  square .  These dimensions correspond t o  
what may be considered a  minimum p r a c t i c a l  width i n  a c t u a l  
house cons t ruc t ion .  Heat was provided by approximately 
2000 f e e t  of e l e c t r i c a l  h e a t i n g  cable  i n s t a l l e d  i n  t h r e e  
p a r a l l e l  c i r c u i t s  loca ted  a t  the  s l a b  mid-thickness.  The 
cable  was r a t e d  a t  6.6 kw. on 220 v o l t s .  

TEST SITE 

S o i l s  a t  the  s i t e  a r e  t y p i c a l  of those encountered 
g e n e r a l l y  i n  Winnipeg. A s  much a s  6 inches  of sod and f i l l  
c o n s i s t i n g  of c o a l  b r i q u e t s  and c i n d e r s  covered t h e  s i t e .  ,. 



This  m a t e r i a l  was removed before  p l a c i n g  t h e  s l a b  but  unfor-  
t u n a t e l y  r e s u l t e d  i n  a s l a b  a t  a lower e l e v a t i o n  than  was 
d e s i r a b l e ,  

The sod was u n d e r l a i n  by a black  organic  s i l t y  c l a y  
ranging  from n e g l i g i b l e  t o  about  2 f e e t  f ib ick ,  Immediately 
under t h e  b lack  organic  c l a y  ;.nd ex tending  t o  t h e  4- t o  6- 
f o o t  dep th  a grey-brown s i l t y  cl2.y was encountered ,  Below 
t h i s  m a t e r i a l  a brown s i l t y  c l a y  was found.  Between t h e  7- 
t o  8 - f e e t  dep th  t h e  brown s i l t y  c l s y  conta ined  a l a y e r  of 
t an-co loured  s i l t ,  Free w a t e r  under cons ide rab le  h y d r o s t a t i c  
head was encountered i n  t h e  s i l t  l a y e r .  Once t h i s  l a y e r  w a s  
p e n e t r a t e a  wa te r  r o s e  i n  t h e  t e s t  h o l e s ,  A f t e r  prolonged wet 
weather  o r  s h o r t l y  a f t e r  t h e  s p r i n g  thaw, t h e  wa te r  r o s e  
almost t o  t h e  ground s u r f a c e .  

The brown s i l t y  c l a y  extended t o  a t  l e a s t  t h e  15-foot  
dep th .  It was h i g h l y  s t r a t i f i e d  h o r i z o n t a l l y  by f r a c t i o n a l -  
i nch - th i ck  l a y e r s  of s i l t  which a r e  found i n  l o c a l  c l a y s  of 
g l a c i a l  l ake  o r i g i n .  

Represen ta t ive  A t t e r b e r g  l i m i t  v a l u e s  a r e  shown i n  
Tablz I ,  The h igh  p l a s t i c  and l i q u i d  l i m i t s  of about  35 and 
over  100 r e s p e c t i v e l y  a r e  n o t  uncommon f o r  t h e  h i g h l y  p l a s t i c  
c l a y s  e n c ~ u n t e r e d  i r ?  Winnipeg. These va lues  and t h e  low 
shr inkage l i m i t s ,  as low as 1 0 , 5  a r e  t y p i c a l  of s o i l s  suscep-  
c i b l e  t o  h igh  volume changes w i t h  changes i n  mois ture  c o n t e n t .  

CONSTRUCT I O N  

TaSle I1 shows the  c o n s t r u c t i o n  schedule  fol lowed 
f o r  t h e  Winnipeg t e s t  hu t  Two d e l a y s  i n  c o n s t r u c t i o n  
r e s u l t e d  from slow d ? l i v e r y  of the  pe r ime te r  i n s u l a t i o n  and 
t h e  sho r t age  of cement, Almost 3 months e l apsed  from the  
t ime t h e  ground s u r f a c e  was prepared u n t i l  t h e  p l a c i n g  of 
t he  f i r s t  l a y e r  of c o n c r e t e ,  During t h i s  p e r i o d ,  d r y  weather  
caused v i s i b l e  shrirzkagc c r a c k s  i n  t h e  s o i l  ex tending  2 o r  3 
f e e t  I n  depth .  

Worthy of mention were t h e  s i m p l i f i e d  forms used f o r  
t h e  concre te  s l a b .  These c o n s i s t e d  of 2 -  by 6 - inch  t imber s  
a long  each edge of t h e  s l a b  h e l d  i n  p l ace  by 2- by 4- inch 
s t a k e s .  Various  phases  of t h e  c o n s t r u c t i o n  of t h e  s l a b  a r e  
shown i n  Pigs, I t o  9. The conc re t e  s l a b  was placed  i n  two 
l i f t s ,  3 ?-xich.es t h i c k  us ing  conc re t e  having a  s p e c i f i e d  28- 
day s t r e n g t h  of 2000 p s i  and aggrega te  s i z e  no t  exceeding 

inch .  An.:erfcar cement, t h e  only  cement a v a i l a b l e  a t  t h e  
t lme ,  was used i n  t he  bottom l i f t  of conc re t e .  The 28-day 
s t r e n g t h  oi' r e p r e s e n t a t i v e  conc re t e  samples from each l i f t ,  
secured  under f i e l d  c o n d i t i o n s  were as fo l lows :  

Bottom l i f t ,  average t h r e e  t e s t  c y l i n d e r s  2650 p s i .  

Top l i f t ,  average two t e s t  c y l i n d e r s  1812 p s i .  



Al.tho:ngh no t  przdl .cted ky ?,he v~.?at;her f o r e c a s t ,  t h e r e  
were s e v r a l  degrees of f r c s t ;  durfrig t h e  n i g h t  fo l lowing  t h e  
plac2ng a:' the t o p  Z i f  t of conc re t e .  A low temperature  of 
2 4 O ~ .  we.s recorded du r ing  t h e  e a r l y  morning. Fos tunz te ly  
t h e r e  was sufricisnbhhcizi,  i n  t h e  conc re t e  t h a t  no damage 
occurred t o  thz  slab., Tr, h a s t e n  c u r i n g ,  ;;he s l a b  was t h e n  
~0 \1esed  with t<a;spsuline- and the  radi .ant  h e 2 t i . n ~  c 1 r c u l . t ~  
te:~.pc;rarj.ly c;lr,nected t o  a  1 1 ( ? - v ~ l t .  e ? . e c t r l c  power supply .  
The cx ly  c;~r;str i lct ion d i f f ' i c u l t y  was encountered w i t h  t h e  
a s p h a l t  - ca~ le red  glass  f i b r e  perimeter insu.Lation which was 
e2sLly damaged by p\.;nctu.ring of t h e  a s p h a l t  c o a t i n g .  Extreme 
case  wns  necessary  t o  prevenb such damage. 

INSTRUMENT AT 1;3N 

The t e s t  i n s ' z a l l r t  lion and t h e  in s t rumen ta t ion  were 
designed t o  permit  a c c u r a t e  measuremfnt of t h e  f l o o r  s l a b  
t o't.a.l and ciif'f e r e n t  ial wert; i c a l  movernenb , v e r t i c a l  movement 
o f  t h e  s o i l s  b ~ t h  a l d e r  t h e  s l a b  and beycind t h e  s l a b ,  s o i l  
mois ture  changes, e l e c t r l c a l  power consumption f o r  h e a t  i n & ,  
s o i l  t empera tures  m d c r  znd beyi:nd the  s l a b ,  and a i r  tempera- 
t u r e s  and r s l - a t i v e  hui~idi . t ; r  i n  t h e  i n l ~ e r i o r  of t h e  t e s t  hu t  .. 
Duri.ng t h e  h e z t i n g  season i t  was end.eavoured t o  main ta in  t h e  
a i r  temperature  i n  'the hut, at 6a°F. by th .e rmos ta t ic  c o n t r o l .  

(a) S l a b  Eleva t ion2  -- - 

A c ~ u r a t e  measurements were t aken  cf t h e  s l a b  t o t a l  
and d i f f  e r w t  i a l  s e t t l e m e n t s  by running p r e c i s e  l e v e l s  on 
36 pein1.s l o c a t e d  on t h e  r e f e r e n c e  g r i d  shown i n  F i g .  13. 
The l e.:;el. rea.dings :Mere t aken  a t  r e g u l a r  i n t . e r \ r a l s  of about  
1 weeks i n i t i a l . 1 ~  and approximately  once monthly a f t e r  t h e  
f - ' i r s  yea? o.f o p e r ~ t i o ~ . .  The bench mark ~ s c d  wa.s oc a 
buf ldi.r:& i3~.g.;r3rt€d. G n  d e e p  end-bear ing p i l e s  approxim3,tely 
4C l eek  i!:!ng. The p i l e s  r,iere knowr-, t o  be s u y ~ ' o r t e d  on a 
g r a v e l  si2.t a n d  sand rn~x ' surc  loealiy known as "hardpantf  and 
whi.ck; eyprcx in .a tes  a 3:eak c ~ n c r e t e  . 

( b )  Sc)i l  V e r t i c a l  Movements 

Te;? p a i r s  of .\re-t i.r;al ground rao-v.en;ep;-t gii1Lges, 
mea;jur:;?~ ~;~.oi?e:ner-.t at., deptkLs a f  2 and 5 f e e t ,  were p laced  
as shown ir! E ' Q : .  1 The ga.71igt?s c o n s i s t  of s q d e  extending  
t o  t h e  required depth  i n  t h e  s c , i l  througf* a pipe s l e e v e  which 
perm:..ts 2'rse r e s t l . c a i  n;c\leiner:f, af t h e  rod. The rod.  i s  
supported !,y a base p l a t e  i r ~  t h e  s a i l  a.nd exter?.ds t o  t he  
g r ~ l ~ i z c l  surr.'a CE - The e l t ' ,~ ;3  L 2 . m  ,2f' t h e  t o p  of' t h e  rod i s  
obtzinecl t.:s.l12s tic eng inee r  s level. When t h e  8011 s h r i n k s  
o r  swell:, ~a?.er th,? base pleLe,  a corresponding v e r t i c a l  
movemerit occurs  a t  the t .cp of the rod .  D i f f e rences  i n  t h e  
ele-:a.tloi?s of t h e  t r )p  oi' t h e  r o 6  occur r ing  cve r  a pe r iod  of 
tirne r e p r e s e r  t s o i l  t i e r t i c a l  movements. The Winn.ipeg 
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RECORDS 

( a )  P l a t  S l a b  Movements - 
Th e l e v a t i o n s  of t h e  s l a b  were reduced t o  v e r t 5 c a l  

movements r i t h  respect, t o  t h e  i n i t i a l  r ead ings  ts-ken on 
November 2 ;  , 1552 VertLca- rnovement;~ of t ' l e  s l a b  d i agona l s  
and pe r i rne t ? r  were found t o  b e s t  r e p r e s e n t  the  riiovement of 
t h e  s l a b .  ';'ypical v e r t i c a i  rr,clvements a r e  shoivn i n  F i g s .  17  
and 18, 

With r t f e r e n c e  t o  t h e  top  s u r f a c e  of t h e  s l a b ,  concave 
warping caused as much as $ inch  d i f f e r e n t i a l  movement. The 
pe r ime te r  of t h e  s l a b ,  p a r t i c u l a r l y  a ?  t h e  c o r n e r s ,  moved 
upwardt more t han  t h e  c e n t r e  a f t e r  an i n c r e a s e  i n  s o i l  
inoisture c o ~ t e n t a ,  Con.,~ex. deformation of t h e  s l a b  d i d  no t  
occu:?. The conca,..'e war-ping i s  a t t r i b u t e d  'LO t h e  d ry  c o n d i t i o n  
of tine s c i l  a t  t h e  t ime t h e  s l a b  was p laced .  S o i l  mois ture  
contt2nts would f i r s t  t end  t o  i n c r e z s e  n e a r  t h e  pe r ime te r  of 
t h e  : l ab  where t h e  gr9w.d i.s exposed t o  s u r f a c e  water  
f o l i ~ w i n g  wet weather o r  t h e  s p r i n g  thaw. Swel l ing  would 
occu::, under t h e  per i rce tz r  and cause t h e  s l a b  edges t o  l i f t .  

To"sl v e r t i c a l  movemer.t w a s  approximately  1& i n c h ,  
The s l a b  r e tu rned  t o  I t s  i n i t i a l  low e l e v a t i o n  du r ing  t h e  
l a t e  ws.nter  j u s t  p r i o r  t o  t h e  , .pring thaw. It r o s e  t o  
maximum e l e v a t i o n  dt!.ring t h e  s p r i n g  thaw zrlr a f t e r  prolonged 
r a i n y  weather .  

( b )  Grourld Modemeni; Gailfz,es - 

:.'he ground movenent gauges lr!.dic&ted t h a t  s h r i n k i n g  
and sweliia??; of t h e  sc:i.l.s a'i; dr-,pths ~p t.:, 5 f e e t  were respon-  
s i b l e  fi.ir t h e  r n ~ v e ~ . e n t  cf t h e  sla'k. The s h r i n k i n g  an.3 
swe l l ing  i f  idhe u&pe'r $2 f e e t  wore g r e ~ t e s  Lhan f o r  t h e  under- 
l y i n g  3 f e e t  uP ~ 0 5 1 . .  'T'yk?icql grolmd me-dements e.re shov,!n i n  
Fig. 15.. The ground rnor/r:m.ent ga.uges located cuLside t h e  t e s t  
hut, showed g r e z t d r  ncv~ement than tl-,ose iocatcyd on t h e  i n s i d e .  

( c . )  Pclwer Cond~uia;~t Ion., T e a p e r s t w e  - Cor,trol ,  Relat  i v e  
i-ii~.;~.id:~;y 

Power consumption du r ing  t h e  t h r e e  g e a r ' s  of o p e r a t i o n  
were as f'ollows: 

Tu'o~l. 15, 1552 t o  June s , 1953 - 1:j ,OCO kwh. 

~ c t .  7, 1353 t o  b:ay 8, 195)+ - 19,800 bib. 

The lower powex- c o n s m p t i o n  va lues  r e f l e c t  both 
s h o r t e r  h ~ a t i i n ~ ; .  sezsan8 ~ 1 1 4  n i i d e r  w i n t e r s .  '.-he hea'cing 



system psoved 'inadequate i n  mai:-~taj:r?i!~~ 'the t e s t  hut a.3.s 
terr,pera'cu,re a t  'che thermos t a t  s e t  Ling c,f 6B°F', T'enlpesa.t;ures 
as low as  - ~ o " F ,  i.;ere recorded  during .January accornpanled by 
h igh  winds ,, Muckof t h e  hea t  l o s s  was d,ne t o  a i r  i n f  i i t r e -  
t i o n  '~hrolxgh t h e  p r e f a b r i c s t e d  pane l  jo!-r,ts, e s p e c i a l l y  in 
t h e  r o o f ,  where t h e  j o i n t s  had p a r t l y  opened as a reeu1.t of 
d i f f e r e n t i a l  rnoverne;?'~~ of t h e  s~ppo?t-:ng f l o o r  s l s .b ,  The 
j o i n t s  r equ i r ed  ex tens ive  ca.ulking,  Power consunpt ion  rs t e s  
were as high  as 7 k t ~ .  per  hour dur ing  the  extremely ccld 
weather .  The value of 7 k w .  p e r  ho:xr was s l i g h t l y  highex. 
t h a n  %he r a t i n g  of t h e  h e a t i n g  c s b l e  znd indica . ted oc;ntinuous 
ope ra t ion  of t h e  h e a t i ~ g  sysLern, 

C l z l i l l s t  i v e  Gower consunpt i o n  curves  a r e  shown i 'ur  
each hest ing,  season i n  P i g .  20,  D t i r i ~ ~ g  khe f i r s t  y e a r ' s  
operst iorz,  i n i t i a l  power cc=lr,s~;u:ipt i i ; n  r a t e s  were h ighe r  t h a n  
i n  t h e  fo l lowing  y e a r s ,  T h f s  i s  attributed Lo t h e  i n i t i a l  
h e a t i n g  of t he  s o i l  under the s l a b ,  A t  t h s  beginning cf  
t h e  fo l lowing  h e a t i n g  season ,  t h e r e  was s u f f i c i e n k  heat  
remaining from th2 previous hesking season that 1 2 s ~  power 
was r e q u i r e d .  

The f l a t  gsound a d j a c e n t  t;o t h e  t e s t  hut  r e s u l t e d  
i n  poor s u r f s c e  dra inage  and f l ~ o d i : - ~ g  du r ing  the sprLng thaw 
and dur ing  heavy r a i n s .  On t h r e e  occas ions  t h e  s l a b  was 
covered by 2 o r  more inches  cf w a t e r ,  T h i s  r e s u l t e d  i n  
blowing of t h e  heat Lng cir::uil; . ~ I A E Z S ,  h i l t  without  r e s u l t i n g  
i n  any apparen t  damage t o  t h e  h e a t i n g  c i r c u i t s .  CInce t h e  
water  was removed and t h e  f u s e s  r ep laced ,  t h e  c i r c u i t s  a g a i n  
f m c t  i o n e d ,  

Dur ing  t h e  h e a t l n g  season, re1-aLive h~xrn id i t ies  i n  
t h e  tes 'c  hut  remained general2y h e l m  30 p e r  c e n t .  During 
t h e  s p r i n g  thaw and  dlrring rajns, even a '  s l - l z , h t  e c t r y  of 
water  on tile fi3o;;* : : ~ ~ ~ l t e < j  j.n high  :-.,s;< uc1corjif o r t a k I %  
r e l a t i l , r e  h ~ u n i d i i i e s ,  A!.; %he clrnes wher?. d ' l ~ o d . ? ~ n ; g  c f  'rhe 
s l a b  occil- r e d ,  r s l a t i v e  humfdii;j.e;s reached 1GC per cent  and 
heavy co!-densat ion  F r~rrned on the wall. and roar' i n t  z r l o r  
su r f ace5  .. 

~h~ the-. ,in!;j::~:i.hple r ead ings  vere  reducei ,  i . : ~  s o i l  
. - t e ~ p e r a t u r e  , ',T;JJ; ics:L isc.:.them pic?.= ' +., f el- the SOL.? ars 

shswn t p L ~ ~ ~ g i :  i. 1311g:Lic;dir?j.1, ; 3e~- i ; f~ l l  02 t h ~ :  ' t e ~ i - ,  h!-;.t 1:; 
g  1 A5 3s k i : ~ l ~  iil.d J,'yc,zt pei?etrs te  under  i;l?e fl.jc_r- 
slab. The isat  h e r r ~ e  showecl thst: a h igh  >'.lcrrne3. &-,.rad i en t - ,  
and hi,gh hez - '~  1 0 3 5 e ~  :,t2curred near t i l e  ,2e21n:.c-t:e- 3f the  

, .. 
slab. From heec L ' l o r r :  Lheopy i t  f z  a2;2s:.lr?rLt th:?;!; h a t  was 
tpar.sfer,-ed fram t:-L~ ~, '~ak  Sawl;,r!a.r'.da 3;-~<1 't!l?fi fa. agprcy;i-- 
mately 2 ~ i r , : ? ~ ~ l a r  p i t h  out~: rard  ctnd up>.:".:arc;l:j,, In b?lnf:,er t h i s  
hea t  l o s o  vjas s ! ~ f f i c i e n t  'i;o melc chf: snow f t 3 r  a rJ:',stance 



of about one f o o t  o r  more beyond t h e  pe r ime te r  of t h e  
s l a b .  The ground around t h e  s l a b  r a r e l y  showed more 
t h a n  a t h i n  s u r f a c e  c r u s t  of f r o z e n  s o i l .  Dee11 f r o s t  
p e n e t r a t i o n  i n t o  t h e  s o i l  was prevented  as f a r  as 3 f e e t  
beyond t h e  edge of t h e  s l a b .  During t h e  co ld  wea ther  s o i l  
t empera tures  n e a r  t h e  p e r i m e t e r  of t h e  s l a b  were as much as 
40 t o  = O O F  lower t h a n  under t h e  c e n t r e  of t h e  s l a b .  

( e )  _Soil Moisture Contents  

S o i l  mois ture  c o n t e n t s  bo th  under and o u t s i d e  t h e  
t e s t  hu t  were p r i m a r i l y  i n f luenced  by c l ima t  i c  cond i t  f ons.  
Following r a i n s  o r  t h e  s p r i n g  thaw, s o i l  mois ture  c o n t e n t s  
i nc reased  g e n e r a l l y .  The inc reased  mois ture  con ten t  under  
t h e  c e n t r e  p o r t i o n s  of t h e  s l a b  a p p a r e n t l y  occurred a f t e r  a 
time l a g .  S o i l  s w e l l i n g  occur red  w i t h  i nc reased  s o i l  mois- 
t u r e  c o n t e n t s  and d r y i n g  r e s u l t e d  i n  s h r i n k i n g .  The r e l a -  
t i o n s h i p  between s o i l  volume changes and s o i l  mois ture  con- 
t e n t s  does no t  seem t o  be a d i r e c t  one. F i g u r e s  22 and 23 
show t h e  v e r t i c a l  movements of t h e  s l a b  and t h e  s o i l  mois- 
t u r e  z o n t e n t s ,  The g r e a t e s t  upward movement of t h e  s l a b  d i d  
n o t  occur when maximum mois ture  c o n t e n t s  were observed.  It 
i s  thought  that  t h e  c a p i l l a r y  r i s e  of wa te r  i.n t h e  s o i l  above 
t h e  wa te r  t a b l e  may be s u b s t a n t i a l l y  reduced by a r a i s e d  
wa te r  t a b l e  fo l lowing  heavy r a i n s  o r  t h e  s p r h ~  thaw. Cbn- 
c e i  r ab ly ,  'chis a c t  i o n  could reduce s o i l  in te ry , , ranu la r  s t r e s s e s  
and cause an  i n c r e a s e  i n  s o i l  volume wi thout  c;-dsing a n  
a p p r e c i a b l e  i n c r e a s e  I n  s o i l  mois ture  con ten t  above t h e  
wa te r  t a b l e ,  

Moisture c o n t e n t s  of t h e  s o i l s  a t  t h e  s i t e  vary  
a p p r e c i a b l y  owing t o  t h e  heterogeneous n a t u r e  of t h e  s o i l .  
Moisture c o n t e n t s  based on e x t e n s i v e  sampling of a given  
s o i l  show t h a t  t h i s  v a r i a t i o n  may be a s  much a s  5 p e r  c e n t ,  
Sampling would i n d i c a t e  a changed mois ture  con ten t  on ly  when 
ail v a l l ~ e s  a r e  g e ~ ~ e r a l l y  zhanged o r  when t h e  change 1s grea -  
t e r  t h a n  j p e r  c e n t .  

( f  j S l a b  Performance ------- 

A sriiall c r ack  developed i n  t h e  f l o o r  s l a b  p a r a l l e l  
t o  t h e  west  w a l i  and about  6 i nches  from t h e  edge of t h e  
s l a b .  The c rack  was about one f o o t  long  and was f i r s t  
n o t i c e d  i n  May 1953. It i s  be l i eved  t h a t  a h i g h  p o i n t  on 
t h e  s l a b  pe r ime te r  r e s u l t e d  i n  exces s ive  l o c a l  l oad ing  on 
t.he s l a b  f rom t h e  wall and t h e  format ion  of t h e  c r a c k .  A 
second h a i r l i n e  c r ack  developed perper ldicular  t o  t h e  i?orth 
w a l l  and approximately  a long  t h e  s l a b  c e n t r e  l i n e .  T h i s  
crack extended about  3 t o  4 f e e t  inward from t h e  edge of t h e  
s l a b , ,  It was f i r s t  n o t i c e d  about  January  1955. Both 
c r acks  i n  no way a f f e c t e d  t h e  o p e r a t i o n  of t h e  s lab .  



CONCLYS IONS -- 

( 1  The Ninnipeg f l a t  s l a b  test hu t  has  been sub jec t ed  
t:, ;. wide range cf' extreme d o i l  movements du r ing  a 3-year  
p e r i o d .  

(a The s o i l  rnoverne~~~ts have r e s u l t e d  i n  s easona l  upward 
an3 dowi?wa.rd :r,overner;ts of the  s l a b  of about  1: inch  and 
dif .Prren. t i .e l  rnovene1:ts ci' 2bcjdJc & i nch .  \ i i - th r e f e r e n c e  t o  t h e  
t o p  su r f ace  af  s l a b ,  corroave deformat ion g e n e r a l l y  cccu r red .  
Th i s  is  a t t ' r i b u t e d  to t h e  d r y  L n i t i a l  ccjndii ions at t h e  time 
t h e  ccnc re t e  was p iaced  ft:~r t h e  s l a b  and subsequent i nc reased  
s o i l  m c i s t ~ r e  contsr; ts  px- t  i c u l a r l y  n e a r  t he  s l e b  pe r ime te r .  
The concave der'orma4;icli tkrided t o  keep c losed  any c racks  
sh0vrir.g i n  t he  t o p  s u r f a c e  of' the s l a b .  

( 3 )  A-1; no t ime was t h e r e  f r o s t  p e n e t r a t i o n  under t h e  s i a b .  

(4 The s l a b  mcvements were caused by the sr!rel:ing and 
s h r i n k i n g  of t h e  supportin[; s oils t o  a depth  of a t  l e a s t  3 
f e e t .  

(5) Thls s o i l  .vol1me chsr,k:es under t h e  s l a b  were s i m i l a r  
t o  those  occd r r ing  o u t s i d e  t h e  s l a b  wi th  t h e  e x c e p t i ~ n  t h a t  
f r o s t  heave d i d  n a t  zccur  under  t h e  s l a b .  The a c t i o n  of  t he  
s l a b ,  hov:ever, appeared t o  d c l a y  t h e  s o i l  vollme changes and 
t o  reduce ? ;heir  msgnit ude p e r t  i c l . l l a r ly  a t  t h e   lab c e n t r e .  

( 6 )  IleaL l o s s e s  from t h e  unders ide of t h e  s l a b  were 
g r e a t e s t  n e a r  the  edges. Ths heat was conducted i n  con- 
c e n t r l e  ~ . ~ ~ r o x f m a t e l y  s e m i - c i r c u l a r  p a t h s  l y i n g  i n  a , ~ e r t i -  

J c z l  pl.ane, 'chrough t h e  s o i l  co  p o i n t s  o a t s i d e  t h e  s l a b  
pe r ime te r .  

( 7 )  Drif f e r e n t  i .al  m o v t m e l ~ ' c s  of t h e  s l a b  caused t h e  yjr~ - 
fabrlcaceci  saall arid rc:;;t' pa:;els t o  ope12 a t  Lhe j o i n t s .  Heat 
l o s s e s  r e s : ~ l L e d  from afir i;lf l1i;ra.t ion  t h r o d ~ h  the  J o l i ~ t s .  
Ex-tensice c ~ ~ l l r i a g  of f : .hes~ j o i n t s  ;jas necessal.y'. 

(8) M-.ich of t h e  di.fCic!.!lty exger ienced in t h e  ';iil?:li?eg 
f la i ;  ~ l ~ i ; ,  p:as d ~ l e  t o  i;k,-,~. lei:,: el,evai;ic;r: ;f t h e  toi: of i;he s l a b ,  
v~ i .%h  res*~ec!; > o  t h e  sur ro i .xd ing  ~ r a d . e .  If f c r  110 lstlier r e a s o n ,  
a raf s e d  512.3 012 fill i s  6e:: irable 'LO prevent  f ' lod in ; : :  a ~ d  
e;ccess i ;~u weli;irlg oC t h e  slib iiuslnz U t he  s g r i n g  thaw and i~:et 
weather.  Sz.rf8ce d ra i r~ i ig~?  .z".c)-cild be away f porn t h e  s lab .  l,ie t 
c0fidj-i; ions around t h e  e.2;;~:. cf the s l a b  can be reduced by roc f  
d r a  i.r.agc . 

(9) The rl.a'L; s l a b  was cons t ruc t ed  t o   hat; were corlsidered 
'co bt minin:im o r  below. m:ir;irn~.un cons'cruc L i o n  s'ianda1~2lle . 'The 
s l a b  un!er:,rc:?'u, n.3 s 5 r u c t u r s l  dsx?,age af any ccnsequence a l though  
sbpported on imfavuurable 5 0 2 - L s  2nd s u t j e c b e d  t o  seve re  v e r t -  
i c a l  rrioT;ement 5; of t h e  $ , ~ i $ p ~ ~ t , i ~ l g  s o i l s .  
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TABLE 2 

OPERATIONS SCHEDULE WINNIPEG F L A T  S L A B  

DBR. REPORT 94  

1952 1 JULY I AUGUST I SEPTEMBER I OCTOBER 
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PREPARING P L A N  
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THERMOCOUPLES 

REMOVING SOD 
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ERECTING FORM WORK, 

PLACl NG l NSULAT ION 

PLACING SOIL 

SAMPLING TUBES 

PLACE FIRST LAYER 
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INSTALL HEATSUM 
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Fig, 1 Completed flat slab test hut, 

F%g. 2 Mounted 
thermocouples f o r  
soil temperature 
measurement. 



Fig .  3 Flat slab forms p r i o r  t o  placing 
perimeter i n s u l a t i o n .  Note bakelite tubes  
f a r  forrnlng s a i l  test ho les  i n  concrete slab. 

Pig,  4 Placing 
of' perimeter  insula-  
t l on .  



Fig. 5 Forms ready 
% o r  plac ing  bottom I f f $  
of e s n c s e t e ,  

Fig.  6 Heatfng cable I n s t a l l e d ,  
N Q $ ~  mortar strips holding cab le  i n  
place. 
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SAMPLE NO.- 



INSULATION 

COUNTERSINK AT EACH 

AND DRIP NOT 

ROUND MOULD 

FIBRE GLASS 

INSULAT ION 

ASBESTOS C 

BOARD 

FIGURE I I 
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FIGURE 13 

SLAB GRID SYSTEM 
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FIGURE 14 

LOCATION OF GAUGES 
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FIGURE 15 

P L A N  VIEW OF THERMOCOUPLE STICKS 
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NOTE: - 
1) THERMOCOUPLE W-1OA 

LOCATED 3" FROM TOP 

O F  SLAB, JUST INSIDE 
- 
0 - I 
(U 
C 

THE INSULATION. 

2) THERMOCOUPLE STICK 

W - 10 LOCAT ED JUST 

OUTSIDE THE INSULATION. 

3) THERMOCOUPLE STICK 

W-C LOCATED 'JUST 

I t 
OUTSIDE THE INSULATION. 

4)  THERMOCOUPLE STICK 

- w - 2 5  W-N WAS LOCATED 35' 

FROM THE CENTRE OF 

THE SLAB. 
I 





GRlD P O I N T S  

A, B2 C 3  D4 € 5  F6 

DATUM, NOV. 2 2 / 5 2 ,  

ELEVATIONS 

GRlD P O I N T S  

4 B2 C3 D4 E 5  F6 

DATUM, NOV. 22 /52 ,  

ELEVATIONS 

+ 
7 DEC 30/52 

FEB 26 /53  

JUNE 8 / 5 3  

OCT 10/53 

A 4 FEB 1 9 / 5 4  - - - - 

JUNE 3/54 

SEPT 8 /54  

- MAR 12/55 

APR 3 0 1 5 5  

FIGURE 17 

N.R.C. U. OF M. F L A T  SLAB - WINNIPEG 

PLOTS OF TYPICAL VERTICAL SLAB MOVEMENT 
( P O I N T S  ON DIAGONALS OF S L A B )  D B R  R E P O R T  94. 





ROD NUMBERS 
------- 6 8 10 12 14 16 18 2 0  1 4 - - - - -  GAUGE DEPTH = 2' 

5 7 9 11 13 15 17 19 2 3- GAUGE DEPTH = 5 '  

DATUM, NOV. 22 /52 ELEVATIONS 

JUNE 8/53 

NOV 7/53 

FEB 19/54 

MAY 6/54 

SEPT 8/54 

DEC 19/54 

MAR 12/55 

JUNE 1/55 

FIGURE 19 

SO I L VERTICAL MOVEMENT GAUGE 

PLOTS OF T Y P I C A L  V E R T I C A L  M O V E M E N T  
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OF sras t--4 OF SLAB 

FIGURE+ 21 
TYPICAL GROUND ISOTWLRM P L O T S  



D - 2  D - 3  D - 4  
JULY 1 9 5 4  

APR - - - - - - - - - -  - -  - -  ---- 

-----------  ------,,,,,,, JAN_l955_ /L - - - - - - - - - - - - - - - - - - - - - - - - -  

DATUM, NOV 2 2 / 5 2 ,  SLAB  ELEVATION^ 
MOISTURE CONTENT "lo 

LEGEND: 

JULY 1954 

----- JAN 1955 

----- APR 1 9 5 5  

GREY ORGANIC SILTY 

CLAY 

GREY BROWN SILTY CLAY 

(NUGGET STRUCTURE) 

FIGURE 22 

CORRELATION OF VERTICAL S L A B  MOVEMENTS AND SOIL MOISTURE CONTENT CHANGES 
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