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PREFACE 

The problems coimected with building during winter 

r~ionths have been a concern of the Division of Building Research 

since i t s  beginnin~f, This phase of building researcil i s  one 

tha t  Canada has i n  comr~on with other countries, notably the 

Sccmdiiiavian countries, l:lucPi can be learned frail t h e i r  e:iperi- 

ence, 

It is hoped tha t  the t rans la t ion  of t h i s  a r t i c l e  on 

i.rinter construction prac t ices  i n  Sneden w i l l  be of help to  those 

i n  Canada concerned with t h i s  problem. 

The Division of Building Research a i shes  t o  thank 

21r. H,A.G, Nathan f o r  t rans la t ing  t h i s  a r t i c l e ,  

Ottawa, 
Rovelxber 1955, 

Robert P, Lezget, 
Director. 



1 2 T T 2 0 . D U C ~ T I ~  

An i d l e  building trade during the winter was fori,lerly 

talcen f o r  granted and considered a na tura l  event every~rl~ere, 

The e n t i r e  building a c t i v i t y  and thus the building-raaterial 

industry cane t o  a s t a n d s t i l l  a f t e r  October 1st. 

There has been a s t ead i ly  growing trend to~vards 

building a c t i v i t y  the year rouncl f o r  a number of' reasons. A s  

i n  other key industr ies ,  laboul- a i t h i n  the building trade has 

become increasingly specialized. During the winter the construc- 

t i o n  li~orl;er today has no longer the same p o s s i b i l i t i e s  of 

switching over t o  another occupation where he night a s s e r t  him- 

s e l f  i n  comnpetition. Since numerous mechanical a ids  are now 

available t o  the contractor a t  the building s i t e ,  i t  is  only 

i ~ a t u r a l  tha t  he should be in te res ted  i n  u t i l i z ing  them econo~xi- 

c a l l y  and thus avoid u~product ive  i d l e  periods. On the o t l ae~  

hand, the s i tua t ion  on the labour market during the past  decade 

imde i t  essen t i a l  t o  u t i l i z e  a l l  the available labour the yen? 

round, Last but  not l e a s t ,  s t a t e  control of' the building 

a c t i v i t y  was enacted i n  order t o  spread v;orlc over the ~vhols year 

by specifying times a t  which constraction is t o  s t a r t ,  thus 

counteracting any unequal burden on the labour market*, 

Building a c t i v i t y  during the v i n t e r  no longer en- 

smn-ters technical d i f f i c u l t i e s  which cannot be overcome by 

'g1'Iihat winter stoppage means: 

For the construction worker - seasonal unernpl~yr~~ent. 

For the contractor - unproductive expenses f o r  
machinery and admini- 
s t ra t ion ,  

For the property owner - l o s s  of' ren t ,  which eventu- 
a l l y  w i l l  a f f e c t  the olnount 
o f  r en t  paid by the tenant. 



present-day resources, apart  frorn cer ta in  types of construction 

work which should not be car r ied  out i n  !*?inter, i , e , ,  ex ter ior  

plnstering,  exter ior  painting,  exter ior  paving, leve l l ing  and 

landscaping. Hovrever, these types of .~orlc may be suspended 

without any great  interrupt ion of the time-table u n t i l  the 

we:ather becornes more favourable and may then be carr ied out a t  

the bes t  su i tab le  moment, i r respec t ive  of the other construction 

work, 

Above a l l ,  three f ac to r s ,  i .e. ,  cold weather, snow and 

darkness, decisively a f f e c t  winter construction. The manner i n  

which these f ac to r s  a s s e r t  themsel~es  i s  explained i n  grea ter  

d e t a i l  under the heading ltWinter wea ther conditions i n  S7dvedenlt, 

In  order t o  counteract these f ac to r s  a nunber of d i f f e ren t  

measures must be taken, Hoiirever, i t  should be remembered tha t  

special  measures are  cost ly ,  especial ly  i n  a building under con- 

struction.  The problem facing the contractor when he wants fc 

maintain building a c t i v i t y  the year round i s  as  follows, 

The costs f o r  winter measures should be balanced i n  

such a way tha t  they leave a margin of prof i t  f o r  the builder 

and take in to  account the public ir i terest  a s  well. These 

measures, lvlyilich a re  of a long-tern nature, Eire intended to  

spread the building a c t i v i t y  more evenly, c ~ ~ r e s p o n d i n ~ ;  to  the 

l e v e l  of occupation i n  other industr:!es*. 

A study of the records is being made i n  Sweden t2 

determine the extra cost  of winter construction. This study i s  

:xSessonal unemployment means : 

A burden on the labour market, unernployriient insurance 
benef i t s  o r  compulsory re t ra in ing  f o r  another occupation 
during the 

Buildiw the yesr round means: 

A more permanent labour force,  econo~nic and soc ia l  securi ty;  
the demand on the building-materi a1 industry and transport- 
a t ion  c o q ~ a n i e s  i s  more evenly dis t r ibuted,  



xxde possible by a grant from the Statens ~ o i n m i t t g  f 8 r  Bjrzgnads- 

forslcning (2 t a t e  Colnnittee f o r  Building Researcli) and i s  being 

conducted by the author. This analysis i s  based on invecti-  

gations during the years 1943-52. It i s  intended t o  es tab l i sh ,  

n i t h  the a id  of t h i s  research report ,  a schedule based on 

d i f fe rent  data obtained from a study of a re2reseiltative se lec t ion  

o f  buildings. Furthernore, i t  i s  a lso  intended to  detep:.iine the 

econornic e f f e c t  of such schedules and f ixed times fop s t a r t i n g  

construction work on the b u i l d i w  costs  f o r  d i f f e ren t  tyges of 

houses. 

In  order to  determine the ex9ense im~osed by winter 

on year round building a c t i v i t y ,  the f a c t  tha t  vreatlier conditions 

rnay be the cause of addi t ional  cos ts  duriag a l l  the four  seasons 

must be taken in to  account, On the other hand, c e r t s i n  t y - e s  of 

work may be f a c i l i t a t e d  by winter weather conditions, i n  any 

case compared with conditions b r o ~ h t  a'uout by ra in ,  etc. ,  during 

the f a l l .  

The present boolclet deals  i n  the f i rs t  place v i t h  

measures talcen during the winter i n  order t o  carry out ce r t a in  

ty-pes of work which n o r m l l y  cannot be carr ied out durinz t h i s  

season vrit:lout addit ional  expense. This booklet does not claim 

to  be conclusive but merely reports  on p rac t i ca l  experience 

gained and observations made i n  winter construction. F u ~ t i ~ e r ~ n o r e  

i t s  scope does not permit a description of a l l  the ;naAlnerAy for 

winter construction found on the market. I n  cases where the trade 

names of d i f fe rent  devices have been given tbis does not n e w  

the descr ipt ion presents an opinion, It i s  merely intended to  

show roughly what rnay be useful. Data on the capacity and con- 

suinption of fue l ,  etc. ,  have been gathered from the d i s t r ibu to r s  

of the devices, 

The type of work which increases the cost  of cons-kuc- 

t ion  during the winter is  carr ied out ch ief ly  by unskil led labour 



and bricklayers. It is reported wider the headings: 

Foundation morlr, concreting and ceinent work, masonry, 

interior plastering, maintenance of building site, snow removal, 

etc. * 

WINTER T ~ K 4 T i G R  CONDITIONS IN SWEDEN 

Cold weather, Cold weather conditions in different - 
parts of the country bring about different conditions of depth 

and duration of frost. This decisively affects the planning of 

foundation work. 

According to BABS** "unfrozen groundn is the gram-d 

below the surface on which the foundation walls and footings 

nay be erected without danger of freezing. This suggests that 

the u;afrozen ground always is a relative value. Apart from the 

temperature the following factors affect the freezing of the 

soil: thickness of the sncw cover, duration of the snow period 

and geological conditions of the soil. Therefore, under ex- 

ceptionally ~m~i';~vour~ble con.diJ~ions, the nurrier:ical du'ta on 'c11.e 

u.ilfpozen g-0~~1.6- 1im.y be very n:isleadS.n.g. This may have d i ~ z s -  

trous consequences. It provea costly to raw bu. i lders  6 u ~ j . i ~  

the cold 1-linters of tile last m a r .  The map shovm in Pig. 2 lias 

been corrected by ta!iirg into ccc:>unt the values fop I;l-~c unf"ok;en 

~ r o w d  during these winters. 
U 

The effect of the colb ~;'eatl.ler~ on otiiei-. tyyes or con- 

struction work varies. 3epeated fluctuations in terlperat-ure 

zbout O°C. have an adverse effect on co~creting, even if the con- 

crete itself is frost-resist:cn';, Thavrs altern:~tinll; ivitll perlods 

:*Tennir,ology in the present boolile'b is identical with that; of (4) 
[cf, list of references on p,&g] of the present paper . 

:;+The Building Committee ' s recorrrrtendations for building codes. 



cf freezing may have a devc.sJ~e.tln.g e f f ec t  oil other. t~y-pes of' con- 

s t ruc t ion  work a s  well. The d i a g ~ ~ ~ i :  ir, Fig. 3 c l e a r l y  shows 

how the .l:ri:iter i n  Stoclrhclm i s  cl~aracter izei l  by incessan-i; ch.anges 

a-bout the f reezing point ,  i. e., cl.lz~r!-ges e.bozt O°C. In Wo?-.rla~.d 

persistent ,  f reezing terq)erz.tures imy Ise expecJ~ed with sonle 

degree of' c e r t a i n t y  and plans car, b 6 l.ilade ac ~oi?dill.l;ly. 

Freezing teml;eratures reduce the ctlpacity o f  the nt.ji10~- 

pliere f o r  absorbing moisture, i, e. , they increase the r e l a t i v e  

h-wlidity of the atmosphere, This t h a t  the re1a"~iv.e 

h~i.!idii;y OF the atmosphere i s  higher d~~r.i_ng the ninJier than 

d - u i n g  the smner  despi te  the f a c t  t h a t  tl-;e &sol-xte moistuse 

content of the  atmosphere i s  lower, Hence, owing t o  the cold 

vieather during the ivinter i t  takes a building longer t o  d ~ y  out 

(CP. I n t e r i o r  p las te r ing ,  p,30) .  Honever, if' the a i r  teriperat-ure 

increzses the r e l a t i v e  h~unid5tg of the atmosphere decreases and 

the capa.city of the atmosphere f o r  absorbing ~ ~ i o i s t u r e  i s  thus 

incre:~sed. The follov~ing ee:r:irnple i l l u s t r e t e s  the irrrl,o12t::nce of 

the a i r  tei:qer.r,tulae f o r  the r e l a t i - ~ e  :i~x!~ridity of the ai;;;iosphere. 

A t  a ter;~percture of + 2 0 ° ~ .  a ~ i d  100% sat~i-:?:tion 1 l~gr:!. of' 23-r con- 

t a ins  14 ~ m .  of water. A t  +55OC.  and 100% sa ture t ion  the  s.me 

mount of air. can absorb _'_I4 cn, of water, This exarilple sfloas 

how i rqo r t an t  heat is i n  cons'truction vic~rl; because o:C' Clle g e s %  

deal  of moisture produced, 

I n  c e r t a i n  respec1;s the persLst.en'r, f reezing 'tenlper- 

atu-res and the more sevepe f ~ o s t  br~ Norrlanfi seem t o  be nore o- 

l e s s  compensated f o r  by the f ac t  t h a t  tlie atrriosphere is  ;lp:i.er 

here than i n  cen t ra l  and southern Sweden, espec ia l ly  a t  the  ves t  

coast. In  other words, there i s  no combination of low temper-. 

a tures  and high humidities of' tLe atmosphere, Therefore, the 

elinlate of Norrland is of ten  more favourzble f o r  the storr.ge sf 

c e r t a i n  t m e s  of building mater ia ls ,  e.go br icks  and lul;ibero 



Snow. Although the prob1es;s of snoT;r relxoval are much - 
@12ec te r  i n  Forrland than i n  cen t ra l  and socthern SncSLen, the 

"real1' winter i n  PJorrland with the snol:I cover rclnaining on the 

gpo~md f o r  a ce r t a in  length 02 time has i t s  zdvmtages f o r  the 

building ac t iv i ty ,  Thaw and slush are not encomitercd t o  the 

same extent here. Therei'ore, i t  may be expected tht:t the snow 

becomes pzc!ced and forms a b e t t e r  and 1nol.e perrilanent roadvray, 

Darlcness, The hours of d~.rkness during the ?.linter i n  

d i f fe rent  par t s  of' Sweden c a i ~  be seen i n  the diacrarns sho~m i n  
1- 1 ,  6 A s  the c r i t e r i o n  of diffused "6-a:.rlizht", a l i c h t  in- 

t ens i ty  of 500 lux has been chosen, It i s  nss-~uzed tl~:~t t h i s  i s  

the minimnun amount of l i g h t  rcquired f o r  carrying on construction 

work, 

How much a person can see a t  a building s i t e  v~ithout 

a r t i f i c i a l  l i g h t  does not depend on the diffused dz-ylight alone, 

The re f l ec t ing  poner of the ground i s  an important. fuct,or and 

r!;ust a l so  be tdcen in to  a c c o ~ ~ t ,  The re f l ec t ing  poner, oS covrse, 

is increased to  a great  extent by the snolrr. Therefore, frora 

t h i s  point  of vien snocvCalls m e  advantageous. 

It i s  a lso  i rq~or tzn t  7:~l~et!ler the slcy i s  overcast or  

vihether it i s  hazy or clear. Fig, 6 gives tile hourts o f  smisliine 

per month during the years 1951--52, i.e., the sune period as i n  

the diagram f o r  temperature and prec ip i ta t ion  ( ~ i g ,  3 ) .  

Lenqth of Winter 

The need fo r  measures f o r  d i f fe ren t  types of 

construction work var ies  with the clir-latic collditions o f  diff'er- 

ent par t s  of Slyreden. If these rnensures depended only on terxper- 

ztures and snowfalls, the ac tua l  beginning of' n in ter  would s t i l l  

be dubious i n  many instanccc. In  the i l~ t roduct ion  of t h i s  pzper 

the >:!inter l ~ a s  derined as the t i x e  during 'iihich special  measures 

rL1ust be taken a t  a b c i l d i ~  s i t e ,  It i s  c1e::r tha t  a i l l ler  thus 



defined does not s t a r t  s im~~l taneous ly  f o r  a l l  types o f  constru-c- 

t i o n  work. 

For example, concreting cannot be carr ied out -uith- 

out special  rneesures a t  terxperatures below +50°C. A s  Big. 3 

s110\;'1~, an average teli~perature of noye than +5OC. cannot be ex- 

pected i n  the Stoclcholm d i s t r i c t  between f:rovember 1st and 0-pr i l  

15 th::' . This rnezns tha t  what be crilled i n  t h i s  conncction 

"-;!interw as f a r  a s  concreting i s  concerned corresponds t o  the 

period betmeen Novernber 1st and April 15th i n  centrsil S::ied.en, 

Regarding i n t e r i o r  p l a s t e r i w  the winter period i s  

roughly the smle a s  i n  the case of' concreting. 

The heating of the shacks corr_es under maintenance of 

building s i t e .  I n  t h i s  case winter begins ea r l i e r ,  I n  general, 

the heating of the shacks begins around October 1st and does not 

cease before some time aro~md the end of April. Therefore, 

winter as  f a r  a s  the maintenance of the building s i t e  i s  con- 

cerned m a y  be considered a specif ied period ( ~ c t o b e r  1st to  

April 30th) **. 

F0UT:DATION WORK 

Everyone i n  the building tmde  lcnovrs tha t  i t  i s  most 

advantageous t o  begin building sr t f f ic ient ly  ear ly  t o  complcte 

the foundztion work before tlie f r o s t  s e t s  in, If f o r  one rerson 

or  ailotller t h i s  should be impossible, irluch can be gained by 

covering the pa r t  o f  the ground t o  be excavated, thus protecting 

i t  against  f r o s t .  The imte r i a l  f o r  covering the excavation 

costs  very l i t t l e  compared with ~vliat i t  v?ould cost  t o  excavnte 

frozen so i l .  

::: One day mild and a few degrees o f  f r o s t  the next i s  not unusual 
f o r  Stockholm. 

*:::In order t o  avoid unpleasant and sometimes cost ly  surpr ises  the 
changes i n  the must be taken in to  account, 



For la rge  and ~nedim-size  S u i l c i i n ~ : . ~  the e;iccv:~tion 

f o r  the 'sasemcnt i s  general ly  il~ade by a11 e;:c~.v:.:tor. A s ~ ~ Q I ~ ~  

el.:cttvator norlcs r i g h t  t l~rough a frozen c rus t  25 or  30 cm, tl~icl:,, 

This means tll::,t the ground sl1oul2 be i ~ r o t e c t e d  by a cover if 

the d i g g i l ~  of the  excavation i s  :>l~~l?lred a t  a t i x c  vr';t.eli the 

f ro; t  has yenetrated t o  a grea t  cle:~th, but  ti1a.t a covep is  not 

required f o r  mild f r o s t  or  fox1 shor t  delays i n  the exczvation 

norlc, 

The foundation silo~!JrI'~ bc b=lclz Ti l l ed  up t o  the ~ ~ 0 ~ ~ x 3  

n a l l s  3 s  soon as  possible. Frequently the r.iate'iz.1 required 

f o r  Sack f i l l ing  the fo~uzdation i s  l e f t  ly ing  a t  the bui lding 

s i t e  and freezes,  This means i t  must be l e f t  tha t  way and may 

thus i n t e r f e r e  with the Fpogress p r s c t i c a l l y  the e n t i r e  t i ~ n e  a 

building i s  under construct  ion. IIon much trouble tl?is ZiEL:r cause 

need not be ein13hasized. ThercTorac, the mater ia l  f o r  bac!r filliw 
the fouldation rr'ust be renloved :;t a l l  cost  Sef'ore i t  f rcezes ,  

If' the mater ia l  Freezes and i s  then removed, i t  may cos-t ten 

t-irries as  niuch. 

Protect ive  Cover f o r  the Ground- - 
A l ayer  of sera:.!, or  s imi la r  iasu1:;ting imaterizl, 

a p ~ o x i n a t e l y  31) cm. 'cliicls, i s  uscd t o  c o v c ~  tile growld if f r o a t  

es e;cpected, The s t r a u  n-32 be ' ~ w ~ d l e d ;  b ~ l i ~ d l e s  oP s t r z n  rimy 
- -. .--. a l so  h e  used f o r  the protectiol l  of co~:z;-c.l;e, ,,..,.,cdLiene~:h i n  

Deixnar~: shox:!s t h a t  stray! can keep the ground f ree  f r o z  P?;losL 

dolil;? t o  .i;e!;l>errLtures of a:~proxii;lately -lO°C. 

Excavations i n  Frozen So22 -- 
Frost  i n t e r f e r e s  ,ibove a l l  -t!:'itl? e:icavat ions dug by 

I such as trenc??.es, excavdlt ions f o r  f oundntioils, trenches 

f o r  foot inzs ,  etc. 

I t  i s  often extrenely d i f f i c u l t  t o  pro tzc t  the grouncl 

f o r  trench worli a cover. It 1;2c?y even 5e  advanf,a.,eous if  



ve:>ticzl surfaces f reeze  s l igh t ly ,  This decreases the  danger 

collapse and the car r ied  out more e a s i l y  

trenches, Treilclies fop footings call be adequately protected by 

coveiaing thein during tlle ~7iight vrith s~T;~; . J ,  t a rp :~u l ins ,  etc,  

S o i l  exczvated by I-rand and used f o r  r e f i l l i n g ,  i s  not 

covcred, as  a ru l e ,  and usual ly  freezes,  The fo l loa inz  methods 

ixay be applied t o  suctl frozen s o i i :  

(a)  The frozen c rus t  i s  brolien wit11 the a id  
of ~.lredgea, In  case of moderate f r o s t  a pick 
axe or an irosl bar ;my 3e  used. 

(b )  The frozeil c rus t  i s  bro:re:~ up wit11 a pneu- 
21atic spade, n very ei?fective device f o r  
frozen s o i l ,  210-,;rever, only i n  the case of 
a l a rge  building would the purchase or  
r en t  of a comilressop be juc-:iFied, 

( c )  The frozen c r u s t  i s  blaoJ~cd;  honevcr, fop  
the sake of s a fe ty  t h i s  can only be recoixr~leil- 
dcd v~lien tlie bu i1dj .n~  i s  a t  su-fficien-t dis-  
tance from other S u i l d i q s !  or  e l s e  oilly 
slim11 quan t i t i e s  of exijloslver should be used. 

(d)  The frozen c rus t  i s  defros-tied, Iil 3em;xirk 
t e s t s  wepc maGe i r r  t h i s  respect  rliti? a hot- 
-zater stream under a. l ager  o r  s t rav ,  cl~ernical 
agents,  e-LC, But none of these methods a re  
r e a l l y  rec~ii.;~iencled by Danisli constructors,  
It i s  ul12ilrely t h a t  these rnethoLs have ever 
been t r i e d  i n  Sneden, 

Protect ion of 'i'ei;q3oray.t~ Water-S~steins 

Teiiiyorary water systeril iiiust be prevented froi-n freezilig 

so t h a t  no valuable time i s  vi-lnsted v i t h  thawing, Theref'ore, it 

i s  of the utnost  ilrpoptslnce t h a t  a l l  w:lter conduits a re  erxptied 

when the l:;or:men leave the building s i t e  i n  the  afternoon". 

=:It ray cause a grea t  
construction if the 
freeze. Burst pipes 
vrorking hours a re  l o  

deal  of inconvenience i n  a building vn6  
temporary v~.r=l t e r  syste1;zs a re  allowed t o  
are expensive t o  repa i r  and many valua3 

st  if conduits i a ~ ~ s t  be defrosted. 



Prcqidently the water system i s  grotectcd b~ i n s t a l l i n g  

the  c o ~ i d ~ ? i t s  i n  double aooden casings f i l l e d  ;-iith f r e s h  horse 

manure and insula ted w i t 1 1  g las s  wool. The piye l i n e s  :As0 ape 

insulated. 

Another method my a l so  be used t o  9~-o tec t  the tenlpor- 

ary v r ~ t c r  syster.1 agninst f r o s t ,  i .e . ,  by conduct iw an e l e c t p i c  

cui3reiit of 1 ~ i 1  v01t;:~~e tkr?ough the pipe i t s c l f  02 -th~ou$l 2n 

~minsulnted cable within the pipe. Tile sane current  a s  d?a:-,n 

by a 40-watt l r u n i ~  is  effective.  

Tlie r a t e  of chelilicrzl react ion decreases as the te i -~~i je~-  

afuure dec~eases .  This a l so  appl ies  to the react ion of cei-,lent and 

water, as sho7in i n  dets- i l  i n  Fig. 11. 

If the tei;l]?erature of concrete ~ P O I J S  belovvr the f3Xez;ing 

po in t  during pouring so t h a t  ~ r ~ a t e ~  conLained i n  the concrete 

fpeezec, the  concrete cannot se t .  A t  cxternal  ter:~per.;ctures be- 

t-.;:eei~ ;tO°C. and + 5 O C .  concrete s e t s  very S ~ O W ~ J T .  Zveli a t  +5OZ. 

the tirile required f o r  s c t t l n g  i s  appro:ciciately Pow t i n e s  tha t  

st +20°c. I11 other words, vvheii tile externnl  tenpernture drops 

below +5OC. the t e ~ m e r a t u r e  passes the bo-aiidary below viilich 

specia l  meanares inust be taken f o r  technical  reasons ir  c o n c ~ e t e  

i s  poured ou.tdoors . 

f~ f ' t e r  talcin2 various pro tec t ive  I-2eas-ures concrete can 

be ;,oured a t  te;,yeratures dovri %o -15OC. Ro-r~ever , o13inions 

a s  t o  7:rhat is the loneat  possible e ~ t e - ~ i l ~ l  terrll~erature f o r  

;~ouring coiicrete d i f f e r .  I n  Norrland i t  i s  unl ikely  t h a t  a coa- 

t r - c to r  w i l l  pour ~ o i i c ~ e t e  a t  a t e ; 1 ~ 2 e r a t u ~ e  of -20OC. Zven i n  

:%An extepilal temperatux of +5OC. i s  tlie "viliter b o ~ l i i a r y ! ~  f o r  
concreting. ils f a r  a s  concreting i s  concerned, winter i n  
cex t ru l  Sneden l a s t s   fro:,^ Novernber 1st t o  A-pril 15th. 



the  recor:~;-nendstions f o r  concretil cIv.ri?lg thc ~ i l i t e r ,  ~ s G u : ? ~  

by tllc S-::'edish Ceiilei~t Association ?lo) , and i n  thc i n ~ t ~ u c t i o n s  

col~cerning a. c o n c r e t i ~ ~  technique, publlshcil by thc Z7;,;cdish 
( ) 

Resesrch I n s t i t u t e  f o r  Cement and Concrete , thc lower 1ii;li-L 

f o r  pouri~ig concrete is  s e t  a t  an aila tc~xpcrature of -20°c, 

Hovrever, i t  is a knovm f a c t  tha t  contractors i n  Stocldlolr;~ 

n o r i ~ ~ l l y  do not pour conci?e t e  a t  these l o w  te~;~peratces::r. 

The diagram i n  Fig, 11 sho-irs llon the a i r  tel;l-:erat-e 

a f f e c t s  the hardening of concrete; the hapdeiiin~ o r  concrete 

of a given com:)osition a t  +20°ce i s  cox;)ared r71it.h the h3.rdenii1g 

of concrete of the smile corn~osit ion a t  :-wer tei-qeratures. A t 

+2o0c, the coilcrete a t t a i n s  a s t rength which pennits  loading 

with 200 - 250 ke;m./sq, cln. 28 days a f t e r  pouring. This strei%.tl? 

i s  re fer red  t o  below as "28-day strength" and denotes a stand:~.~d 

increase i n  strength f o r  ordinary concyete. 

For e x a q l e ,  a t  + ~ O C .  the strength a f t e r  28 Gnyn i s  

only from 60 to 70% o f  the 28-d?-y s t r s n j t l ~  a t  +20°c. This i s  

the sane strength which concrete z t t a i n s  a t  +20°C, a f t e r  only 

7 days. s t r eng t l~ ,  i, e, , 60 t o  7G$ oi" 28-day stre:l@th, i s  

colisidered the lowest s t r e ~ q t h  ?v,tlich colicrctc r m j r  have befor$ 

for:ns can be renoved, c . ~ .  fop Irafiiiix jois?;s(6). Hence a t  an 

external  temperntuxe of +5OC, i t  takes 28 clays b e f o x  the forills 

can be reijloved from concrete uilless the tc!:;~~er;?*tur,~ 02 the 

concrete i s  increased by various inez.11~. 

ccIn order t o  increase the teu:~)eratu~~e OF the material  f o r  
pouring, i t  i s  Gore ef fec t ive  t o  lieat the v~atcr  ~ a t i i e ~ ~  than 
the other ingrcdieilts o f  the concrete, papt icu lar ly  ~ i n c e  tlie 
specif ic  hest  of nater  i s  1.0 while tha t  of' cei.nent and large 
ag~re~ ; ' a J i e  i;; only 0,2. Purtheri:iore, the ten;perature of :i:_lter 
can be controlled ;;:ore easily. A tcL;.2~er;rituac o f  +60°C. is  
jus t  r igh t  aaSz a tcizperature ez:ccciiin~ -1-7C0c. too li:;ha L t  
ixoder:~tcly low e x t e r l ~ a l  t e ~ ~ ~ e r t n - i u r c s  1icc?ting the enater zlone 
i s  suf f ic ien t  and the requii-ed terfipeP::;tr!.ro oi' the ;i:;-ltey+ A : I.. 
f o r  pour:ilig i s  cib tainec'. nevert l~elcss.  



I1 2. iile te1;ll)era'l;ti.i-e ~2 -bl;c ci.,z;;]ll.;; ~ j ~ ~ u ~ ~ e ; l  cul l -  
, . . . 

Crete  filuat llo$ decx?eLr; ;;e l j c l o ? , i  c. c ~ i > i , , r .  L . ~ ~ ~ .  - 7  >.:l.T.!,?-- 

1 2 ~ 1 1  d ~ p i p ~  -i>ie c-p-i-;ic;-!.J szt.Li;-pi - , ; ~ ~ ~ j ~ ~ ~ - .  A. 

,3 , . - - ., -'. ,- -1 3. :_"he tirile Tor rcr;jcvi;lz .c:2pl.:c :J-;.c'.'' ' 
0 'a -, CL</.~!  :, 2 -1 

t o  tile cold acz'cher condi~l;ior;c, 

I +  ?,lece rcq.~~.irci-~;e-nts a re  i x t  by t:~4iil< tile -r"ol.!.ol-~i~i;; ;;!ci;zr:. -,-: 
' L ' t  ,J * 

BeiiuiremenL 2: 

( a )  Select ing the proper t n j e  of cericnt 

(b  ) Cher:ii  c a l  addi t ion agen-i; 

( c )  Sui t sb le  zater-cer.:ent r a t i o  

( d )  Protcct ion 02 thc concrete Z - u r i , ~ ~  the s e t t i n 2  
time 

( e )  Heating the concrc.te c?:miw tilc sc t t i j l ;  ti;::c 



~et~v-ii-ci;~ei1t 3~ 

(:I) ! l : ; r 6 1 ~ ~ ~ ~  t e s t  

(b)  !:el. p ~ ~ a  ~ K Y C  013 SC~'V:, '~iorls 

''hi. s;::r~C, not the src.vel, i s  heatcc', as i.ndicated be- 

lo.Jrc pie y--,.-,,37r--7- - L,~,u., i,,lxe<- conclqe'Le ir?:;..rcd.iat e l y  b:>gins 'Lc. ;ci:el-ai;e 

kcat  o r  i ' t s  oT~sil. Too hi211 a tei.:~>ei.zt~~i>e izny ~ a s c l - i ;  i n  co.rig 

c;v:.l)ollcL<ioll o r  the l;~~-.tcl>, cacsing i n i - t i a l  s e t  (ili-l-j.;lg . ~ 1 ? ; ~ ? 7 ~ - ~  <..;+ ."A, Oxa t- 

r.tj.oi.1 t c ;  t:le si-l;r: oj: A -QC)UT j.1~. Tl~ercfope, tile tecl.,-:1cpa.tl--la{:: ~f ";LC 

;i;;-.tcy,i31 t c  be ~-,oin-ed ;:lust not cxcecd +2() -I;o+3Corj. :>* If' -i;Il-, 
co::,rr,e ;r- . v . ~ l .  i s  not heated. t l~ i s  h;;c an ec:-i~e-1 j - z i i~c  effect 0x1 the 
.*. 
bci.;i2ep:::L7L:i:3~ of' tjlc ;~~z~'l;erir; l  in the :;lixe<:, concr(:-:tc=. IIo'<;ev~>i'~ if' 

... --. Tarpr~uliris i x y  be reiIJGcd a t  ~ e l a t i v e l y  lovr cos t ,  at l e a s t  Coil:- 
;~s red  >:~i.i;h vrhrLt it nould cos t  t o  work t h r o ~ - i h  the  snow if 3 

prc t ec t ive  covcr is not useCLe It scldci;~ i2ay:; t o  cconoi:iize on 
l ; m ~ ~ : ~ . u l i ~ s .  

-9. 0. r-, 
-d--s.~llt? u.~;i;er t e l~ l~~crz . tu re  l i rn i t  of concrete n:-~~s-'; 5i: -?::1tc3eC. It 

:;roulC be sui'azt fiat tc let it ezcccd +30°C. 



the  coarse gravel  is  heated, not only i s  the e ~ u a l i z i n g  ecf'ect 

eliminated, but  the subsequent shrinkage of the a;;.;;re&:itc r:ay 

re:;-~lt i n  the 1oosenin;r; or  individual  s tones i n  the concre'te l i k e  

a Iiazel nut i n  tile she l l ,  The sand should not be heated too 

L C ;  t h i s  i s  iriiportnnt, 

Foil lieciting the s m d  with s t e m ,  perforated i ron  pipes 

and steam j e t s  a re  used, which a re  stuck i n t o  the sarxl heap i n  

old~er t o  lleut i t  a i r ec t ly ,  The stea11 j e t  i s  comiected t o  the 

bo i l e r  p lan t  or the concreting i n s t a l l a t i o n  by hoses, O f  course, 

only the ar:lo-cu?t of s2nd required f o r  pouring sl-iould be covered 

r i t h  ta rpaul ins  i n  order t o  r e t a i n  the heat, 

Other more o r  l e s s  primitive heating devices a re  s t i l l  

found i n  tlie sane p i l e s  i n  buildiw;s of a l l  descript ions,  For 

excmple, i t  be mentioned t h ~ . t  a curved i ron  p l a t e  is  placed 

in to  the  sfind p i l e  and heated i n  the sane vay as an old-f'::shionecl 

baking oven. Speciril vrood stoves of c s s t  iron, so-c,zlled c:!n6. 

b raz ie rs ,  are  Frequently used, I F  the s:~ncl i s  11c::teii i n  t h i s  

l.,-ray i t  involves the r i s k  of l t b ~ w n i l q  the sandtt. 

He:-ti-nfi; the  *$rater g r e a t l y  a f f e c t s  tlic tc;;;per:;ture of 

the  concrete. Since the spec i f i c  heat  of r7r=iter. i s  high coi;x~med 

,:ith t h a t  of the other rnatcrials linking up tlie concrete, i t  i s  

c l e a r  t h z t  not  only does the water require  a grea t  hect  input 

bu t  a t  the  sane time i t  suy;plLes most of the heat  t o  the con- 

c r e t e  mixture. BurJcherniore, the  water must not be heate2 ex- 

cess ively ,  s ince too high a water temperature m a y  br ing  a12ou-k 

premature s e t t i n g  of the cement, 

The Swedish Cement Association recoi-rri-lends the f ol loa inz  

msirnum terilpertltwes f o r  the  heating c'r' both sand and nzter :  

+60°c, f o r  the use of standard cement, 

+35OC, f o r  the use of quick-setting cement, 



A s  !.;entioned above, the temperature of the rezdy-l~iixed 

concrete sllould not exceed +20°C. t o  +30°C, Such big-11 t ~ ; ~ ~ p e ~ -  

ztuiaes m3y be z i~p l i ed  to  tlze various r m t e r i a l s  mentioned a'ucve, 

bec:>.uce the m z t c r i ~ l  cools s u f f i c i e n t l y  on the i-lag from the  

s t o r c l ~ e  plailt t o  tile u~ixer,  

It h2.s becoixe evident t ha t  a l l  s o r t s  or  boilel. p1rcli.l;~ 
spe used f o r  ! l e s t i n ~  thc   late rial 122liin~; up the concrete. S:;nd 

i n  ?;:;c tod3.y: Ion-pressure b o i l e r s  znd high-pessure  bo i le rs .  

I n  t l ~ e  pact ,  low-pressure b o i l e r s  -:?ere most coi,monly used iil 

c e n t r d  Cv~cG-eli, bu t  today h igh-press~re  b o i l e r s  ape clorae f rc -  

quoiltly used. I n  Xorrland, i t s  inore severe c l i l x t e ,  high- 

pressure b o i l e r s  a re  exclusively used f o r  large-sizc b u i l d i i u s  

under construction, 

1,lodern lot*{-pressure b o i l e r s  a re  cpickly f i r e d  and c ~ n  

be heated with nas te  wood, sa-:$r3_ust, peat  or  other r e l a t i v e l y  

cheap fuel .  According to  corfirfiercial adver t i s iw the b o i l e r s  zre 

l e f t  c'i; Pul l  staar;l f o r  7 minutes,. tile s tea~n  capzcity being from 

150 to  200 kgn./hr, These b o i l e r s  have all el>tixhely automa-l;ic 

vU7rlter feed an6 tile f i r e  box i s  surrounded by i-rater, \;rlzicil pPeverf-- L 4 0  

~ ' v e ~ l l c t i t i i ~  of the sheet metal. 

A s  a ru le ,  the heat  generated by 1ov~-pressure b o i l e r s  

i s  not si-dficient to  heat  both tile gravel  and the na te r  as vie11 

as a i ; i ?u l t a i i eo~~ lg  'to tl-~avi the i ce  and S ~ O V J  i n  the f orr:,s ~ i l d  pe- 

i17forcenieilJcs. Therefore, lovr-pressure b o i l e r s  a re  frcquentlg 

provided 1:;ith a spec ia l  water heater,  

A s  a ru l e  such a na te r  heatcr  i s  designed i n  ayproxi- 

i?:iitelg the f ol1o::linz way, The ::!ater i s  c o n d ~ c  'tcd f ror.1 the 

tei:porary !.;rater systc!:i throwll B coi led  pipe (usua l ly  of c o ~ ) ~ c r ) ,  

;-rhich ends L I ~  i n  a tank. The tank m y  vary from a11 ordillrtry 

brick-encased sheet-netal water b a r r e l ,  which i s  f i r e d  d iyec t ly ,  
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Guick-setting ceixelzt geiierates imch more heat  than 

s t ~ ~ n d a . ~ d  ceinent ciurinz the s e t t i n g  tine2:', IIor-ievcr, the paw 

l;ltitci3it.;l Tor the co i~cre te  inust be heated i n  the usual  rimmier 

2.u- iAag tiie pouring, but  need not be C O ~ J ~ P C ~  or  heated subsecjuel~tly. 

If quick-setting ce~nelit is  used, the upper tcfil2)erature 

l i m i t  f o r  tile inate17iiA f o r  pouring i s  considcr::bly loncr than 

t h a t  i n  the case of stcndard cement. This rnust be talcell illto 

account ;.,hen the -::atcr and ;;ravel =re  heated. At 1e;:st 350 1::',1:1, 

of quick-setting cement per cu,m. oli" concre,te sliould be used i n  

tile r:~ix.tul-e. Tile poured concrete can be loaded v~ithout clanger, 

i ,e . ,  the forcis may be disassec~bled a f t e r  3 or  4 days. During 

tiie c r i t i c n l  s i t u a t i o n  i n  tlie building industry  quick-settixg 

ceixen: r?as a scarce itern beczuse of' supply d i f f i c u l t i e s ,  Further- 

more, quick-settine; cement cos t s  fr01-n 50 to 706 rcore than standard 

ceiLlent. Therefore, a s  a ru l e ,  quick-setting cement i s  used only 

f o r  srmll  jobs and rush  nor!^, 

It i s  very important t o  avoid the use of old  cement 

(and possibly celnent containing hur~us inipuri t i e s )  during the 

a i n t e r r  Cement sllould not be s tored f o r  ally length of time under 

f rcezing conditions and not xore than i s  ac tua l ly  required f o r  

powing sllould be made. 

(b)  Cliemical addit ion agents 

Chemical addit ion agents a re  used during the winter i n  

order 'LO has'cen the s e t t i q  of' the concrete, A s  a ru l e  calcium 

chloride (cac l , ) ,  which reduces the f reezing point  of the con- 

c r e t e  somewhat, i s  added- Roacver, the arnount added i s  not l w g e  

enoW1l tha t  Ll~e usual protect ive  measurer, i;lay be dis11enseG v~ith.  

*3-day "quick-setting concretett  = 7-d2y stzndzrd concrete; 7-day 
"quick-set t ing  concrete1' = 28-day s-tanciard concrete, 



Concraete containins CaCl, f r eezes  a t  approximately -5OC. and 

is  12Gpe r zad i ly  aorkable,  This ];lay be u t i l i z e d  For Teducing 

the .::zte~ con-teilt of the concrete. Ho?:revzr, these tv~o proper- 

tie:; aye only of second:x-y ir~rpo~tance.  The f a c t  th:it  CaC1, 

a <. ,bcns -'- the scttin;j; of the co l~cre te  i s  of prilile irq3ortance. 

C'? coui-sc, care sllould be  taken t h a t  the  concrete dces ~ o t  

'oe2i.11 t o  s e t  i n  the concrete mixer o r  on the aay t o  the  Sob, 

As a r u l e ,  1'7: of the  ~ ~ e i z h t  of the cenent i s  a 

sL~FLnlcle anoul t  f o r  the addi t ion agent. If the e x t c ~ i l a l  

te,i~~jcr:~iture i s  c:ipectcd t o  drop below -5OC. di i -ec t ly  ~lf'ter -Lhe 

pou.rilx, 'the a,:o-silt shoulC be increased s l i g h t l y ,  bu t  ;lo% " u o 
..- ::.c,, -, e tllnn 2;; oio t:lc v:eight of tile cerzeat. FuPtheri;.iol~e, the 

cuncrote i:lust be covered a s  rzp id ly  a s  poss ible  after thc 

According Lo the 3l:~edish Ceii?ent Associatiox, the  

tvn .L L, li, "-̂ l-..i;ll of' b ~ l e  concrete incre::~ses i n  tlie foll.onixl;l; i;la;me~-? ~-!iien 

~k~~ s-~,p~,,,-!..'.?. thz ai~ioult of calci11ili;- cll loride added is 27;. "" -A- d l  of 

=1 2-day sai:rple increases  a,)proxirnatelg 50$, thtxt of a 7-dr3.y 

~r~;q>Z-e ~,,p~o>::t 2572 and t h a t  of a 28-dng S L ~ ~ ) ! - F :  a p p ~ o x i -  

:;i::tely lo:.% cor;p@rcd with a corresponding soncz,ete :7i-b1-1 ilo 

sl.le~:-!ic:ll ag~i1-1; added. IIowe.vep, the Tina1 s t reng th  ? ; r i l l  - ~ e  

nq-:l;=o>,~ii;i:ite]-j- A - sgi:le i,n both cnsesu('O)e The t s l i q z j ? u t w e  of 

a ~ ~ o w c d  conci?ete with a che;.cical agent addcd rho.ul:l not  6.~:- 

c;.ea:-;e Selo-.-I +lO°C. during the f i rs t  day 2nd i10L belora 4-3OC, 

2-",7,r.i>, l;:12 tllipd clay, 

( c )  S u i t z l ~ l e  .;:~ater-ceinent r a t i o  

The c7,anzer of' the concrete T r e e z i l ~  durinil;. '~1-e f i rs t  

cr i t ic : : i l  s e t  tizx x)eriod d i ~ i n i s h e s  if  the aatcr-cexeiit r a t i o  

Is ' --~;t   ILL^, :.IS lo;:? 3s : )o~sible .  Thi s  i s  v.su3lly taken i n t o  acco~mt  

t ~ d a y  2nd evcryt1lin.g poss ible  is  done t o  1;ee~l thi:; r a t i o  do-c~T!.. 



Concrete v ib ra to r s  a r e  i r ? ~ ~ o p t a n t  i n  t h i s  connectioli, silice they 

11er1.iii t2;e v-sc of a Crier  concrete*. 

(6) D-:~rinz the set t in[;  time the concrete i s  protected 

by covepi?;:; i t  n i t h  a heat-ins~latii l ; : .  n ~ a t e r i a l ,  The e a r l i e r  
d m  T Tpc-;l2h concr~cte i s  insula ted,  t;le be-Ltel? n i l 1  be i t s  qual i ty .  

E':;p~"i-' ?;q-s xjlc-,sed d i r e c t l y  on t he  concrel;e r:ny help t o  reduce 

he2.;t losi;es (il;-~e t o  col-lvection and r;?.~~-i~l.tion). In o-l;hc13 re- 

~;-,eci;s papzr b a - 2 ~  ape v-seless :IS insu lz t ing  material .  The in- 
"A 

sv.l:;tion 1-111p.t be ti211tly x~tiac!.-,ed, G a p s  i n  the  for!;ls a re  o f t en  

c:rcelient Tor pro tec t ing  the concrete. For exte13nsl iasul2.tion 

-tile z:l.~;.;s r;:a:r be covered n i  t h  talay)aUins, The most eTf ec t i v e  

l-~c;:;t-in:;c.l~.~ t i 3 2  materials a r e  s t ran ,  s t r a n  ~::ats, g1:rss T-1001 

;-la.ts, ce;.:erl'i, 322s f i l l e d  ~ c - i  t l l  c u t t e r  sllavijl;l;s, etc. 

( e )  Concrete ;;-rust 71e heatcG duriri.:;; s e t t i n g  tirile if 

e>:tep:.;::>.l "i.c;.i~~cr;;tare d r q s  belox -5OC. , or i T  tilc conc?ete 

=;tiz.dct~rac i s  i j ~ . ~ t i c ~ . l n r l y  t l ~ i n .  I n  such cases tile hezt  is 

~.:,-,l i1sd vlifiep concrete ~1::-.bs, not only to  prevent -the concre'ie 

i - L  ,,1:!:' r C, j";.oT11 fpeezing bu t  a l so  t o  ?:~cili ta.be .I;llc loosenill;' of 

rpoc7 a-- -fop;n~.'.J- 
L, L11 

'. ... 

T h e  -te~>p~er:~ture of tile colicrete shoalc3 be cllcclced 

1:i-eTcp h1.y v r i  t% i;lelr;lor:leters i n se r t ed  iil thc Presllly 20112.~ed 

;.lntei*ial*:::*. 3,all holes of v a r a y i ~  depth ,-.:riy be lc i ' t  i n  'idlie 

::: Tile vibrsJicr  ~) lz .ys  all ir ; lor tcnt  pole durilig $he vrln2~ela, 
;j::r-l;icul.;;rly 1-ri~en r e l a  Lively t h i n  wall s t ruc  t~:rca ape l~o~~-l>eSi. 
T T  lais l3er:nits the use of a d r i e r  concrete and decreases the 
d ~ . n ~ e r  t h a t  thc colzcrete Treezes before i t  beco;-les f r o s t -  
rcsist:-:nt. 

Avoid cverllenting under f r e s h l y  poured concrete sl 
1lb~i11)t chcli;;es of tti-nperzture o r  repented changes 
i r s y  be ?Letri~.icll'btcl t o  the  concrete,  even i f  T t  is 

all, 
nbout 0 
f r o s t -  

:::::zz:Tlzermorne t e r  s a r e  e s s e n t i a l  during the vinter .  A iim:cirl:u~-- 
:iLnirr.m,i tile rrnome t e r  i s  needed f o r  rreasuriw the c x t c r m l  
te;;q)era tulic *.lnd there  should be spec i a l  tl?errno~,leter~s f o r  the 
concre1;e. 



concrete f o r  t h i s  purpose (cf ,  ~ig .25) .  It iViould be idez.1 if 

tlie temperature could be prevented from ever dropping below 

+7OC, d'clsing the se t t ing  time. This often requires three days 

of heating, After t h i s  tirne the cement ~ e n e r a t e s  suf f ic ien t  

heat of i t s  o~yn t o  maintain the ter.q)erature. 

If too cluch heat is applied under a f resh ly  poured 

concretc slab T o r  3 days and the concrete i s  then allo-:red t o  

s e t  without protective measures a t  external  temperatures below 

O°C,, the concrete seeras t o  be detrir,lentnlly affected by the 

abrupt change i n  teinperat~we, even ii' the concrete has becorxe 

f ros t - res i s tan t ,  Purtl~ermore, the water i n  the concrete 

evaporates too rapidly if too much heat is  applied, Tilerefore, 

soderate heat should be np2lied e i the r  under o r  within the 

Tresilly poured concrete, 

On the nhole, the s3me types of  heating device are 

used f o r  concrete as  f o r  the dryilz;= of i n t e r i o r  p l a s t e r  (cf ,  

pp. 30-35) a re  placed under the f resh ly  poured colicrete, 

Holes i n  the brickwork are  covered n i t h  makeshift arraizl;e;;ieilts 

such ss cardboard, vood, etc. 

Coke braz iers  are the most corn-aon heatin2 devices 

(cf. Piz. 30 and p,32). 

\Vooa stoves are described i n  greater d e t a i l  on p.33. 

Boiler p lan ts  a re  occasionally used Tor lieating con- 

c re t e  duping the s e t t i w  tirne by conveying the s t e m  i n  ribbed 

p s c l i o t i n ~  piy~es, which are  lnounted under the fpesilly poured 

sl,ib, Ho~revcr, t h i s  would require special  connection pi2es 

thus malting the i n s t 2 l l a t i o n  a la rge  undertalcing. Tiiererore, 

the espcnsc For heating the concrete i n  t h i s  n ~ y  i s  out of' 

p r o ~ ~ o r t i o n  LIZ f a r  as  an ordinary dwelling 5s concerned, If' the 

slzb has a very l a rze  surface, as i n  tile case of schools, 



hos i~i t ,z l s  o r  cor:i:li:?ercial buildi:cs,  the inst;~llrxtion OF E L L C ~  'I. 

plali"c;z;?ay be just i f ied,  

A kerosene-heated hot-zir  unit of the "LIEI- t or!;!' 

trL?e ( ~ i z .  2b) has been on t h e  r:larket i^or t11c pcs t  feu-; years. 

IIot-air f 3 - n ~  aye seine-ti;::cs xsed, but  ~103  t1y fo r  

dr;'iî ;;1; t5e p lns te r  (el'. pp, 30-35 ) . 
3 ,  Tiiile f o r  P C ; . ; O V ~ ~ ~ :  t l ; ~  I?OY ,I:; -- ..;;L~-s% 753 ;i.d>j~t~G t o  

the COW-::.cz'tller condi t i  o n ~ .  

The time f o r  r e ~ i l o v i ~  the f o l ~ i l ~  is deteilr,ii~lefL by the 

s t r e n ~ t h  'rhich the concrete lmst have i n  orcler t o  su;7po;?t it- 

s e l f  and possibly an addi t ional  load, This t i n e  i s  ~.f.;'cctecl 

by the nurnber of cold days, 

( a )  B a r h e s s  t e s t s  a re  rlaile i n  selected cases. T1:e 

san?;,le is  poured sir;lultaneously z i t h  the conclaete cor_strv.ction 

and exposed t o  the sariie changes 02 tecq~era twe a s  the l z t t e r .  

(b ) Tempera tvxe ob servct  ions inclucie the c i i e c l c i ~ ~  of 

'~hc terq~ernture of both the a i r  ttncl the concrete. In  vien of 

the L'iict tha t  the for rm are  generally not ~~enoved before seven 

&ays after. the pouring, tlie days vit l i  an a i r  ter22eratvce 1oi:icr 

than 0 " ~ .  m u s t  not be cou~tecl, A d i a g r m  sllov~ing thc incrcc~se 

i n  strength of the concrete a t  vnrlous tenlperaturez; sliould be 

n v a i l ~ ~ o l e  3% the building s i t e  (cf .  Fig. 11.). 

~ e n e i a l  Rules f o r  pour in^ Concrete D u r i w  the Winter 

A t  the moment of pouring, the t e r i ipe r~ tu~e  of the 

ready-mixed concrete i s  maintnined 2.t a !.iiniKun of +5OC, i n  

.t l~e slab auld ground walls  and a t  +lO°C.  i n  thiruic13 buil-c',ill_~; 

r ~ a l ~ t c ,  such as walls, 



A s  soon a s  the f r e sh ly  poured concrete besins  to 

generate heat ,  i t s  tenlgerature should be maintained betreen 

+15 and +20°C. during the three c r i t i c a l  days. The concrete 

thus a t t a i n s  the degree of se t t ing  required to  become f ros t -  

res i s tan t .  

The water-cement r a t i o  of the concrete must  be kept 

a s  low a s  possible i n  order to  decrease the danger of cracking 

and freezing, 

If the amount of cement is  increased, the time re- 

quired f o r  s e t t i n g  is decreased and thus the dangerof freezing 

i s  reduced, 

If quick-setting cement is  used, the mater ia l  must 

be heated and the f r e sh ly  pouraed concrete covered, but  the con- 

c re t e  need not be heated during the s e t t i w  time, 

The time which the form f o r  the concrete must be 

l e f t  i n  place depends on the number of cold days*. The reader 

is referred t o  pages 26 and 27, where a s m l a p y  i s  given of the 

measures which should be taken a t  d i f fe rent  a i r  temperatures 

within the f irst  week a f t e r  the pouring(according to  

H. ~ b l h f o r s ( ~ ) ) .  O f  course, i t  is assumed t h a t  the temperature 

never drops belov~ the lowest temperature of the in te rva l s  

given. These measures a re  intended to  assure tha t  the building 

a c t i v i t y  i s  interrupted a s  l i t t l e  as possible, This is  a mini- 

m of all-round protect ive measures tha t  may be recommended, 

*A diagram showing the increases i n  strength of the concrete 
a t  d i f fe rent  temperatures should always be available a t  the 
building s i t e ,  



When no CaC1, is added the water should be 

heated. 

When CaC1, i s  added no special  neasures a re  

required, but the forins should be rer~loved 

a f t e r  approximately the same tiine as  duing 

the sumier, 

The water should be heated and preferably 

CaC1, added, If CaC1, i s  added, the con- 

c r e t e  m y  be poured without heating the 

wa t el*, 

The sand should be heated and frozen lurqs  

tha7,ved, The f r e sh ly  poured concrete should be 

covered during the f i r s t  night with tar-  

paulins or cardl2oard on a frarfie~~vork, o r  a t  

l e a s t  v r i t h  cement bags, 

The water should be heated and preferably 

CaCI, added. The sand shoilld be heated and 

frozen lumps tha-,?red, The Freshly poured 

concrete should be insulated f o r  three days 

with straw, straw mats or  s imilar  insulat ing 

materials. Gaps i n  the s torey below should 

be covered and the temperature i n  the room 

under the concrete s lab should he kept 

above O°C. f o r  three days, 

Lower than -lO°C, It would be preferable t o  postpone the 

pouring of the concrete, but i f  the concrete 

must be poured the same measures a s  a t  

temperatures between -5' and -10°C. should 

be taken, The insu la t ion  should not b s  re- 

moved u n t i l  the temperature s tays  above -lO°C, 



The measures to  be taken a t  a i r  tealperaturcs below 

O'C. are  only f o r  preventing the concrete from freezing. 

The water used i n  cer,ient work during the win-ter must 

be heated a s  f o r  concrete. Special measures f o r  heating the 

cement during the se t t ing  time a r e  usually not required, since 

the building is roofed when cement vror!: i s  carr ied out,  Fu~tircr-  

more, by t h i s  time the other construction work has advanced to  

a point where the drying and heating devices ins t a l l ed  prevent 

the temperature v~ithlri  the building from dropping suff ' iciently 

t o  a f fec t  the cement vrork detrimeiitillly. Howeve??, should it  

become necessary, measures to  protect  the cement against  f r o s t  

must be talcen a s  i n  the case of concrete. 

I n  order to  bui ld  masonry during the winter i t  i s  

essen t i a l  tha t  the br icks  be kept absolutely dry, Bricks must 

be protected against  prec ip i ta t ion  i r respect ive of the season. 

Furthermore, d w i r g  the winter the mortar must  be heated. 

Taking these measu~es, outdoor building can be car r ied  out a t  

temperatures doml t o  -:.O°C, 

JointLng of Zaqade br icks  during the winter requires 

special  care, Howerer, if  jointing is postponed t o  the sye3ing 

the fagade sliould be protected, involviw addi t ional  ea)ense. 

Joint ing migilt jus t  a s  :yell be carraied out simuitaneously wi<;h 

the laying of the bricks,  provided, of course, tha t  the bric:rs 

a re  su f f i c i en t ly  dry t o  absorb the water i n  the mortar. If a 

building is exposed to  the weather, pa r t i cu la r ly  to  the wind, 

or i f  a building i s  high, jointing becomes more hazardous, 

If jointing i s  carr ied out i n  cold weather (and t h i s  Is f r e -  

quently done) the faqade should be covered with tarpaul ins ,  etc. 

Heated mostar may be obtained a t  a small addit ional  

cost ,  a t  l e a s t  i n  la rger  commwliities. The mortar must be kept 



heated while the work Is gzing on and t h f s  can lclz done i n  t h ~ e c :  

d i f f e ren t  ways: ( a )  by .i.nsula-ti~g the mortar bed, ( h )  by 

heating the mortar, and ( c )  'by iliixilq the mortar with h c t  water, 

( a )  The mor-kar be(; may be insa1:3ted by put t ing f r e sh  

horse manure around it, VarLous t y - e s  o-? insulcitlng mats, such 

a s  glass  wool mts, styaw rmts, etc. ,  may a lso  be used.. In 

addit ion to  the insulat ion tile bed is often covered overh, 

usually with tarpaulins or shutters.  The bed should be kept 

covered a s  much as  possibl.e, e-reli while 1:iorlc i s  i n  pragrzss. 

(b)  There a re  various wzys of h e a t h 2  the mor-:.aT, 

A strong l i g h t  c r  an electi- ic element, placed under the pratec- 

t i v e  cover, may be usei3., E-;:LJ,~ a he2 Ling c o i l  f-om a t o i l e r  

p lan t  may be placed untiela the bed (c f ,  Big. 1.9). 

( c )  Hot water ;-s the moat effect ive mealis of heating 

the inortar while the 7.atter is  mixed, \Vater proC.aces P1 ,ve tzlrnes 

as  rnuch heat  per ~~11.3 ns:igh.t a s  tlie other coinponents of  thz 

inortar. Hot na%r my be ohtaj.lierl. e i the r  from the b o i l e r  p lan t  

of the concrs t i ra  ins t ak la t io :~  o r  d i rec t ly  frorn a ~ ~ ~ a t e r  heatsp, 

The mor";ar must. h 3 Icept, s o r t  by mechanLcal, stirriilg 

(cf .  Fig, 27). Tk:;.s :'.s rr!cri-: Iinportant dlxaing .1;.?-~$ winter 5he.l:- 

during the other seasons, 

The moptar  'ued a?xmL.ii ;7reSerably be kep2 ~,'iliptg a f t e r  

working hours. FeedLess t:.) say, a l o t  can be savc2d i f  t?le con- 

sumption of mor-Lars Curing ",e v~in.ter can be calculates drirec",iy, 

because the protection of n io~ t~ar  against f ~ o s t  during tile night 

increases the t o t a l  cos-!,s unnecessarily. 

The mortar may be insulated d u ~ i n g  the nigli': by 

building the bed i n  a she?, T?.e ?-ntter sliould be pr~vfided with 

an opening so tha t  -&he m.0-+,a? can 3e dwn2ed d.irect3.y from -:rucks 



over the bed, which usually can be locked and may possibly be 

insulated externally, The bed may a l s o  be placed on a thick 

bed of sand, which i s  heated by ::tern c o i l s  from the b o i l e r  

plant.  

Mortar tubs of wood a re  preferable during the winter. 

Tin vessels a re  unsuitable, since the water f reezes  rnore e a s i l y  

Ln them, 

The masonry i n  a building under construction must be 

protected against  prec ip i ta t ion  i n  order t o  avoid darnage due t o  

f r o s t  and t o  f a c i l i t a t e  drying, O f  course, when the work is 

interrupted Lhe rnasonry mus t  be covered over- 

Buildings which happen t o  be exposed t o  intense sun- 

shine on one or  t v ~ o  s ides  should be protected with tarpaul ins  

during the winter while the masonry i s  being constructed, 

Otherwise the mortar might shrink more rapidly i n  the p s r t  ex- 

posed t o  the sun than i n  the shaded p a r t ,  resu l t ing  i n  crooked 

.:aalls, 

The above appl ies  not only t o  mortar but  a l so  t o  

c l inker  masonry, a s  well a s  conrete-block walls and t i l e d  lF?alls, 

although the amount of rnortar per cu.m,. of rnasonry i n  the l a s t  

two categories i s  smaller. 

A f a i r l y  nevi technique of constructing walls which 

seems to  be su i tab le  f o r  winter construction is applied i n  the 

so-called parallel-block masonry, This rec-uires a special  tool  

which almost resembles an i ron  gra te  with a container f o r  the 

nortar.  The r,lorta.r i s  dis t r ibuted  through the grate  i n  the 

joints i n  p a r a l l e l  strings so tha t  a i r  ducts rerimin open a s  

v e r t i c a l  sections throughout the e n t i r e  wall, The joint  thus 

has the same heat-icsulating propert ies a s  a r(. 'orated block 

and the mortar consmiption i s  negligible,  Cement mortar i s  used 



f o r  building with papal le l  blocks, I n  order t o  harden, the 

cenent m o r t a r  must absorb the water -c?hich i t  previously emitted 

to  the wall blcck. Along the negl igible  conswl]?tion of 

mortar, t h i s  should have a f'avcurable e f f e c t  on the drying, 

IITTERIOR PLASTER WORK 

I n t e r i o r  p las te r ing  during the winter i s  made es- 

pec ia l ly  d i f f i c u l t  by the f a c t  thp't the  moisture must be 

eliminated. To use a popular expression, there a r e  two "sorts" 

o f  moisture: water c o ~ t a i n e d  i n  bthe mortar and water which 

Forms i n  the process of carbonization. 

Carbonization means tha t  the c ~ ( o H ) ,  combines with 

GO2 conta'ined i n  the atmosphere and fornls CaCO, and H20, I n  

order to show how much water forms during carbonization an 

e:cmple i s  given, assuming tha t  sand-lire rnort:;r is used. This 

is composed of 1 kgm. of lime + 9 urn. of sand + 2.2 k@i. of 

watei? = 12.2 kgm. molatsr. The lime consis ts  of 90$ of C ~ ( O I I ) ,  = 

0, kg111. Tile carbonization lias the following f orrula: 

Reaction: Ca(OH), + CO, + CaCO, + H200 

I f  I t  is  assumed tha t  the carbonization i s  complete 

the tt?lount 02 nater  produced i s  0. 9 k ~ a .  = 0 22 ICLTIF. 

CoiripLste car7uonization r e q u i ~ e s  a long time arid it i s  reason- 

able to assme tha t  only one-tenth of the lime carbonizes during 

the time a building is  under construction, Hence i n  the above 

example oclv 0,022 kpp. of water i s  given off ,  i. e. , only 1% 

of' the water (2.2 km, ) which the mortar was assmed t o  contai2 

i n i t i a l l y  and most of which must be ~emoved before the building 

i s  occupied, 

This shows t h a t  the carbonization i s  only of secondary 

importance i n  the drying of the plas ter .  Therefore, the supply 



of CO, is  :lot i i ~ ~ ~ ~ o ~ t a n t  e i t h e r  and should have no bearing on 

the se lec t ion  of the drying sgsteix. The removal of the i ~ ~ o i s t u r e  

i s  of' grime importance, Cold a i r  <ihsoYbs n :;iuch smaller amount 

of water t!~an ~ : z t ~ r n  a i r  (cf', p. 7) +, The rnoicture-absor5ing power 

of the a i r  may 5e  increased by heating it; the a b i l i t y  t o  re- 

ri :lve moisture is increased by frequent chalwes of a i r .  There- 

fo re ,  heat  and changes of a i r  a r e  of prime importance i n  the 

drying of p las te r .  

The measures vhich a re  taken during the winter vh i l e  

i n t e r i o r  p l a s t e r  work i s  ca r r i ed  on a r e  intended: 

(1)  t o  protect  and heat  the p l a s t e r  i ' l ~ ~ t l f  and 

( 2 )  t o  provide,protect ion and heat  during the 
seJctiW Lime 02 the p las te r .  

(1) Protect ion and heat  for . i the p l a s t e r  i t e z l f  

I n  lar ,rer  c o i ~ m i t i e s ,  l~eatscl f i n i sh ing  mo17tar, l i k e  

r.~ortar Tor >ointilzg, i s  delivered t o , t h e  bu- i ld iw s i t e  a ' ~  a 

si;;?.ll addi t iona l  cost. I n  orciei? t o  pro tec t  the i~lortzr  5cd and 

t o  ]??at t i  e r ~ ? o r t ~ r ,  \ the same rxethocis a re  applied here ns i n  the 

c:jze of rnort:-ir f o r  joint ing (c f .  .p. 2C). 

(2) ?~o-l ;ect icn and - heat -~ du~in:.:. tile setting; til:;e ~f -- - 
J. LL>e 7 .:.;l;,.s tt>17 

Bef'ore , t h e  i n t e r i o r  plz.stering begins pro tec t ion  ml.sL 

S e  provided ( a )  by casings, and. ( b )  by i r - s ta l l ing  devices fo17 

d r y i r .  tlze p l a s t e r  before the s e t t i n g  process begins. 

( 3 )  Casings must be used t o  prevent the escEl.pe of 

heat l?roducecl by the c i r j r i ~  devices. The wind-ow openirgs and 

*At terrrperatures bet7::een +40° and +60°C, ail7 can absorb e ight  
times a s  i~uch moisture as a t  roolii tempernture. ThereiC'ore, the 
ter;~perr*-L~re should be kept high near newly p las te red  surfaces. 



door openin~fs mst be f i l l e d  up again*. O f  course, i t  nould be 

simpler to  ~ ; l r t a i l  a l l  the aindovrs before the pltls-te:*ing be;' '1 ins. 

Y,I::ny bui lders  are re luctant  t o  do t h i s  because of the addition- 

a1  ex-~ense fola repairing g lass ,  and because i t  r:lay be d i f f i c u l t  

to clean the glass  a f t ep  the p las t e r  nork i s  finished, Scratch- 

ing the window pries by the f inishing rnortar may eas i ly  be pre- 

vented by protecting the g lass  with a p l a s t i c  film, 

Sacking on wooden frames i s  chief ly  used f o r  coveping 

~iindoifs, However, these f  rarnes cnmo t be interchanged f ron  one 

building to  another unless the windov~s are  of the same size,  

TlierePore, bl inds  of' saclcing would be more advantageous. They 

can be interchanged from one building to  another a t  negl igible  

cost  and a re  independent of the s ize  of  the ~vindo~r opening. 

Wood fibreboard, and even cardboard, a re  used occasionally. 

(b)  The p las t e r  i s  dried e i the r  by the perli~snent 

heating plant  of a building or by d i f fe rent  temporary heating 

devices, such as  coke braz iers ,  wood stoves, forced hot-air 

heaters and kerosene driers,  

The perrl1anen.t heating plant  of' a building should be 

csed a s  nuch as  possible,  provided i t  is already i n  operation. 

IIorrever, i t s  e f fec t  i s  not adequate Z'or dr:rilx the plas tep 

r;:ithin a rcasonrlble ti~xe**, There are  a11 s o r t s  of  spec is l  

drying devices on the market, 

Colre braziers  a re  easy to  move and require l i t t l e  

space, but  good vent i la t ion  is essen t i a l  i n  order to  reduce the 

* I t  iyould be expedient if the windom frames with panes a re  in- 
ser ted a s  soon a s  the s h e l l  has been completed. They should 
be protected with p l a s t i c  f i l n s ,  etc.,  against  damage caused 
by the f in ish ing  rnortar, 

tC:zCThe areas  beneath windows are  plas tered 
i n  order t o  i n s t a l l  the radiators ,  The 
plant  thus complements the other drying 

a s  soon a s  possible,  
pern7ianent h e ~ ~ t  ing 
devices. 



format ion  of carbon rnono;:ide, Because of the  danger of carbon 

monoxide p o i s o n i w ,  t h e  coke b r a z i e r s  a r e  u s u a l l y  not  l i g h t e d  

u n t i l  t he  end of t h e  day when t h e  worlanen l e a v e  t h e  bui lding.  

During the  n i g h t ,  two on s h i f t  rnust a t t e n d  t o  the  coke 

b r a z i e r s ,  This ,  of' course,  means an i nc rease  i n  t h e  overal l  

c o s t s ,  lXhere coke b r a z i e r s  a r e  employed, nark r;.luot be  in te r rup-  

ted ,  thus  making i t  more d i f f i c u l t  t o  organize t h e  work proper ly ,  

A coke b r a z i e r  ne:-slr an encased vrindov i s  shovm i n  Fig.30. 

Because of the  d i F f i c u l t y  of ob ta in ing  coke dur ing  

and i rmed ia te ly  a f t e r  t h e  Second 'Uorld War coke b r a z i e r s  were 

used i n s t e a d  of vtood stosres, IIowever, these  have d i r , ~ d v s n t a ~ c : s  

s i n c e  the  combustion gases  ~ u s t  be  conaucted from t h e  b u i l d i n g  

through a f l u e ,  which m y  be s tuck  t l~ rough  the  window o x ~ e n i l ~ s ,  

e tc .  A s  a sare'iy measure t h e  s toves  a r e  mounted on an i r o n  

p l a t e ,  which r e s t s  on b r i c k s ,  This  tyye of s tove  i s  clunlsy and 

very  bulky, an6 i s  not  a s  e f f e c t i v e  a s  the  coke b r a z i e r ,  Pwt l l e r -  

more i t  is  more expensive i n  opera t ion  and the  p l a s t e r  t akes  

longer  t o  dry,  thus  i n c r e a s i n g  t h e  cos t s ,  

Hot-air  f a n s  a r e  some s o r t  of hot-aiP h e a t e r s  provided 

v ~ i t h  blo7:iersa The ho t  a i r  emi t ted  'uy them does not  produ.ce t h e  

h e a t  reciuii-ed f o r  drying t h e  p l a s t e r  en t ipe ly .  The f z n s  a r e  

c s i l a l ly  mounteci i n  t'le h a l l  and hea t  the  a i r  f lowing i n ,  thus  

keeping the  h a l l  f r e e  from f r o s t ,  If' a house i s  heated  n i t h  t h e  

aid. of b l o v ~ e r s ,  the  p r e s s u r e  i n c r e a s e s  above a t~ imspher ic ,  wi th  

the  r e s u l t  t h a t  the  moist  a i r  i s  fo rced  o ~ t  through ven t s ,  

t h i 2 0 ~ . h  the  sacking i n  t h e  cas ings  o r  through l e a k s  i n  t h e  

ninGov~s, 

I n  the  p a s t  ho t -a i r  blowers were u s u a l l y  f i r e d  with 

:-food. This type of ho t -a i r  blolrrcr r e q u i r e s  a g r e a t  d e a l  of 

a t t e n t i o n  and thus  i n c r e ~ s e s  the  cos t s .  Oil-heated ho t -a i r  

b loseps  have con;e i n t o  use i n  r e c e n t  years ,  They r e q u i r e  l e s s  

c - t t en t ion  and my be kep t  g o i w  dur ing  the  n i g h t  without  s i ~ e c i a k  

cs . re ,  On the  vdlole, t h e  o i l  wlit opera tes  l i k e  t h a t  i n  an 



ord inmy oil-hea.ting plant ,  I n  the  colxbustion chamher the 

atomized o i l  i s  mixed with primary a i r  from a blov~er,  The a i r -  

o i l  rizixture i s  i gn i t ed  while o i l  pressure  and a i r  volunle a r e  

cdjus'l;ed f o r  corq~le te  colnbustion, The f l u e  gEses tIius obtained 

a7e i:lixed c i t h  the secondary a i r ,  which i s  a2ulli t ted  through 

opecia l  aper tures  i n  the jacket, This a i r  i s  preheated around 

the cor;iDust ion char~ib er .  The 110 t air-JES i i l i x - t ~ ~ ~ e  i s  then 

f o x e d  thrcugh the o u t l e t  of the u n i t  with the a i d  of the 

bloi~rer and may be d i s t r i b u t e d  through the  b ~ t i l d i n g  by a spec i a l  

sya t eiil of pipes. Some of the smaller  types of oil-heated hot- 

a i r  blo1:iers a r e  on rhee l s  f o r  eEsy t ransport .  

Hot-cir blowers produce f l u e  gases containing cnrbon 

dioxide, Hoxever, the amounts oT czrbor, monoxide er;?,itteC by 

thex a r e  so si.ilc.11 t h a t  they do not i n t e r f e r e  w i t i l  ~.-ior~z i n  the 

v i c i n i t y  of the  blower, provided, of course,  hat the  lal3ov.r- 

e r s  can endure the g-rezt heat  produced by the bloy:~er, The 

blovrers do not  throw off  soot  eithel-*. This i s  an aCivar!.tage 

-;:hen the s e a l e r  coat i s  drying, I i ~ s t a l l a  t ion  and maintenance 

of the  hot-a i r  fans are r e l a t i v e l y  inexpensive. DiCfcrcnt tyy:es 

of hot-zir  f ans  ape ~110:-!n i n  Figs,  32 ~2nd 44, 

A ~iove l  device Tor drying a bui ld ing i s  the autorultic 

o i l - f i r ed  d r i e r  with high-pressure nozzle. This d r i e r  d i f f e r s  

Prom the  o ther  hot-air  f ans  above a l l  by the f a c t  t h r t  -the f l u e  

gas i s  segarated from the hot  a i r ,  This meals t h a t  the  hot  

aii- rm.y be u t i l i z e d  uil~ile the  f l u e  gases a r c  d iver ted  i n  order 

t o  dry rooms vi l~ic l~  cannot be dai;laged 5 y  the  carbon r ~ o ~ o x i d e .  

Kerosene-heated d r i e r s  a r e  increas ingly  being used i n  

the bui ld ing t rade  f o r  drying p l a s t e r ,  e spec i a l l y  i n  slcall 1700i-cs 

and i n  rooi-5s where i t  i s  d i f f i c u l t  t o  handle o ther  devices. The 

heat  produced by these d r i e r s  i s  not a s  in tense  as  t h z t  produced 

by coke brazie13s. Therefore, they a r e  usual ly  used i n  combin- 

ztion. Kerosene-heated d r i e r s  a r e  very su i t~1b le  f o r  drying 



p1:lster a seconic tirfie .:!hen an even, bu t  not  too hizh,  te:.lpel>aturxe 

i s  rcq,uii>ed (cf'. Fig. 24 shov!ing the t fL~n- tork t t ) .  

. < .  
;, JIII;TE'?T?:~TCX .- OF EUII,DI1~!G BITE 

B y  ~'ix~.intenance 02' build in^ s i t e "  i s  1i:eant the  rllninteil- 

ance of' the sllacks T o r  the labourers  and rnzn:>gel;lent of' -;:orlr. T h e  

i.;essyces ta1:en d.uri.;:'ig the  winter i n  t h i s  respec t  ch i e f ly  r e f e r  t o  

the he:;tinp; o r  the shacks. The b e s t  rcrulJ is   ill be oktci.in.eci, of 

course, if tlze shscks ure ::!ell iils.i!.l:lted. T i i i s  is  fr2ecj.uentlg t h e  

c :  O Thc shacks may be l~estccl by v::lrious rneans, i, e. , by 

~ . - I o o ~  stoves,  e l e c t r i c  heater:.' , kerosene stovec, hot-air  11e;aters 

and, i n  exceptional cases,  by cen t rLl l  heatilx; Pron the b o i l e r  

3 .  The shacks :.lust be heated by 7. 00 a.;li. i-rS-ler_ t h e  -:iorlc bc- 

~ i m  ti116 should be kep t  -;:arI-il during tlze d:rg -,hen the l:iliocz~ers 

yi.ee tile shac!r~ For t h e i r  meals. If the b u l l d i w  undcp conu2ruc- 

t i o n  i s  la rge ,  one l a l~oure r  i s  usua l ly  f u l l y  occwpied witn lreeping 

a l l  tile shacks heated. 

-7ood stoves are s t i l l  veT:; co:-li.;oi!ly uced 201- he3l;ing 

sh,tcks, ITot only do t l ~ e s ~  stoves h a t  thc s:l-cclzs, but  "C1e;r s r e  

n l c o  used i?ola he:.itinz the  :.leals. The LieziL;n oi? scch s stove i s  

c?,cscri5eil r;bovc. Thc s toves  arc he:ltcd v i t h  "aste ~~ooc?; Ilon- 

cvzr, i u  individual  cases o i l  ~ ~ i i t s  :lPe i n s t ,  l l c a .  

I , t  p r e ~ z n - t  e l e c t r i c  I l ea t i l ?~  i s  be?;?< used incrc::~sin~l;r 2 .  

f'cr thc  s1i::cl~s. The heater:; usucl1l:r have thc: f'orcl o r  c o i l  

p:~.Ci,-,l;o~s ola p:-,ncl radi i l tors  ( f i l l e d  -::ith urntcr o r  stcar::). 

X : ; d i : ~ ' t o r s  f'illec?. y r i  -1;ll -:::iter pL;-e s a f e s t  ;>gzi:.lc.i; f i r e ,  l,v,t i-1; i s  

cle:-ir Z;h::t Frcx the poiizt of viel;: of' econoi::-7 j-L 7 "cllis ttrl:c o r  

iq:.;c".ia t o r  C L = : Z T ~ O ~  ' JC  f u l l y  utilized. One ~1.121;; c;vc~i conzcivi: (-1: 

clcc.-lai;: -p;;:-:-i:.;-to-p n;l-jc;;l is p o t  f ' i l l c z  :-;it> . . -  " 'Q- . ,  .TI-,: .-.'-' '- ' 
, .  . G ~ ~ A  : . L L L . ~ .  > ~ J . L - L C J . ~  2.L 

20 I",~c:i.,i!.;::'; th2.i; t:le i;u-l>-$:lce -I;.,ilpcl-:-;.turc c;-.:-ji;o.t e;rcced srA;;r 

2- 7 4. 66" (2 , u-lL;s 1 ;L;-- L.A~.~~...~.'tj-::~ : - t h ~  C.;;;c(;x> of O T T ! ; ~ ~ ~ : . ~ , > ~ L : - Y : ~ .  (.I-,, L - - L ~ , C ~  ., L -  

~ ; ~ ~ ~ , z ~ ; l - , ~ ~ ~ 2  2L(;-i;.-t-.,,r-> , , .-?,,-.- ,-,., , 7 :.,c c3:.:!3 i ;~e;l  -::i-Lj 1 o] -ec~t~ .~ .c i : -~ l l~ , -  l-lc:; ,.. i-cl(l 2 , .  

l > g ~ ~ ; , j . - ~ ~ ~ ~ a - ~ i ; ~ e ~ ~ ~ ~  Fop >,-;;3.p;hliilz .L]-lc ;yy:-jbz,.~3 : iEcl Z~-A<? ~2 ; ~ I : - - . ~ ~ ~ , ~ ~ T ~  i - - , : = : , y . - . , - , ~ ; * < - ~  
A " ,..,--.A. ':,.;a&,... 

-1 ;-l ,,-,j c, .,-, . -, 4 -  -- - . . . L O .  Fi?r-ther,.:ore, %!ley s ~ u i ~ c e l - y  l'i:i~;~:l.y.~> ~'L'CZ?~C:~:~:~?.C;;. 



~ ~ l ~ ~ ~ ~ p ~ ~  ye: $?L:;tol7:; .,':it:l ::L~~:-~::fi:;~~~~~:;, :;c...':;el~r 
. -. 

: ,  1 .  They :.i:e 3esizylefi in. r;i>ch :-1 

:lla,lxze;- t l l ~ y  ;- ; . .~Z;~i~:-!?; i~~]-ly 3wi' i ;~h duj .ng ,~f'f'-;l~;:~]: 

periocl::: -:;hen tl~c: e l e c t r i c i t y  iz che~2eil .  The he;:--t A .:~:~od.ucr;d b y  

J- ,,~le:;c :. r;;.di - i t o p s  i s  not mif or:;i a n d  i s  I"reyuenJ~ly given oi'f 3.6 
. . ,. 

y'i-cns 'Li;::c. 

O i l  hea-i;e~s f o r  henJ,inz shr:clis z r e  alsc! mol-c coi:li;.;only 

use6 tod:~y.  They pequire 1-r;11~c'l l e s s  a.l;tenJ~ion than 7i:o~d stove::.,, 
r ~ , l e  ., 7 ?>~i,:$:-;oil is such a:l o i l  he3l;ep. Accoj?dinr. -to $:lc ija::;i:llle$ 

c> 

:Lt i s  coi-:plcl;e3-y au.i;qyi~:~-Ltc ~ I I < ? . ~  xl>:;-~?.L T ~ n . - i  i t  unfi 

?.>ei'ill_.i.n:i; ~ i t 1 - 1  o i l  or  g3soline,  i t  r-equires ilo :,ttent_i_cn a-t 211 

1 -  o p e r i o  Thj-s heatep i s  co~u~ectccl  t o  s sheet-iroi?. 

;-,.i_-!:c, - ?::hich oyppies o:i?f' the z:~cjes, The hcr:.tzra is :; llo-t-zir 

c;i2cul,~'ior, i2di.c.a t i n2  tha t  tilt I~ct;:t i n  1.1o.t ~ i v e n  of;" by r o . d i -  

::!.tlon but  t h : ~ t  the  hot n i r  i s  clrcalated. .  'The ti.i:~;~er::l-i;ure of 

Lhc outer  Sackc t -i ;; s l i g h t l y  h . i ~ ; h e ~  than. r o o x  tc;-i:-~~e~>:_.-Lui-e, A ex- 

cept  2 t  tile u;:;i)eF p ~ p t  :.-;here the h o t  a i r  emerges, and 110 d5.s- 

coi-:;l"ort i s  f e l t  near the healer.  Lwnci~es ~;?LQJ be hc-:tec!. oil top 

of the heater  (c:C. Big, 37). 

I - i o t - 3 - i ~  lleatcys 2l.e ilO7I.T i : l i ~ ~  b e i l l ~  in sl~a,:;l:s. 

Tile so-c:~.llscl ICV hca'ter i s  a hot-3j.r hea te r  17'c'cn by clec. tr lci l ;y 

(cf, F ~ L ; ,  3 8 ) .  The 3 . i ~ '  i s  ily:..il:~fi in'iq a u n i t  by a P::.n .:!.r,c? 

-le:;tcil: by ci:.: b3t tcry  c e l l s  and is  e:~:h:lustcd throw;i: r:.ir ~ i i ~ ; ; . i l ~ ~  

:~rovided with valves. The u n i t  i s  :;d justccl ;-rith a i ; h ~ ~ ' i l ~ ~ ~ t : i t  

;.:nti tile curpent  C O ~ S U ~ I L ,  t i o n  i s  r e l a t i v e l y  1017. :Io:;reT~er, the  

- i . ~ ~ i t i a l  out lay  is  r e l a t i v e l y  high bu'i, i s  cor:~~~enuatscl 1 3 3 ~  l o 7 ~  

"perat in2 costs.  

b lo ther  hot-a i r  hea te r  i s  the VT heatep, ahich i s  

; -~~*ovided  v! i -Lki  ail o i l - f i r e d  uni t .  This hezter  seem t o  be iiiost 

; ,~ : i i ta~>lz  Tor l a rge  bui ld ing s i t e s  (poss ib ly  f o r  severa l  si'laclcs, 

:rT.~:i,ch clay be heated cen t ra l ly ) .  This heatcp c-;oi~slsi;l; o-' -L a 

~:l1.-,13le jaclcet cyl inder and t he  i m c r  j :.~cl;et i s  l i ned  with b r i c r c .  



'2he outer  jaclret i s  provided -c?ith holes  Tor c i r c u l a t i n g  the  air.  

 he f l ~ e  gases are conducted i n t o  the open a i r  L h r o ~ h  spec i a l  

;,i;?es o r  t h rowh  the chimrley (l?is. 39). 

Ever1 c e n t r a l  heat ing from the  oiler p l a n t  i s  l'io-~ 

. ~ s e d  f o r  l m ~ e  b u i l d i w  pro jec'cs. Tlle heat  i s  sr~~?plictcl by -Lhe 

So i l z r  1-Jant of the  concl-eting insl:~?,llation. Hot water f o r  

.>.Jc.cml , ~ ~ ~ 1 1 1 1 ~ ; '  - r;my be supplied i n  the  same .,my. Coil  r ad i a to r s  a r e  

suit:3'ble. For the  sake of economy the  use of c e n t r a l  he:?tilq 

i s  rccoc.s:zencied only f o r  very l a rge  bu i ld ing  p ~ o  jects .  It :.:o-~~ld 

3 e  too expensive t o  l a y  pipes c.~nd carr;r out the  necessri-ry in- 

r, ta l l : . i t ions  f o r  sr.1~11 bui ld ing pro jects.  O F  course, hi;?;h- 

pressure p l a n t s  ;me essen t ia l .  

This i s  ca r r i ed  out by unski l led  aop:rers a i ~ d  j-nclui-es 

Beepins the b u i l d i r ~ .  s i t e  c l e m  a t  a11 times so t h a t  the  t r t ~ d e s  

peo_nle cai-1 vork ni thout  in ter rupt ion.  It :r:e,?ns not only relaovsl 

of snow and i c e  frorn the  b u i l d i l q  s i t e  b u t  a l s o  the ctecl;-:li.ng of 

f op:;ls, 1-einf'orce~ncnth " p l ~ n s ' ~ ,  e tc ,  

Tlie cos t  of tlie equipxent required f o r  t h i s  purbl;ose 

i s  pe la t i ve ly  low, bu t  the wages a r e  liigh, Bos~ever, aor!i: 

stoppt.,ge caused hy s~lowFalls may a l so  prove cost ly.  The ~norning 

n f  t e r  a heavy snonfal l  i s  wasted Fronl the production point  of' 

view, and ha l f  a day or  more rmy be needed for shove l l i rg  snov?. 

Prcsh snow can be removed 1::ore e a s i l y  thzil paclred 

snow and should a l so  be removed where, by coincidence, no norli: 

i s  clone a t  thtit pap t i cu l a r  rnornent, 

S te:~.ni i s  being used increr:singly i n  const ruct  ion 7:r0r!~ 

todt;y, 2 te;.xn i s  p a r t i c u l a r l y  advantageous i n  p laces  1-rllich :Ire 

not  read i ly  : .~ccess ible ,  such :IS r e in f  orcernemts aild f or~:ls Tor 

~ . ,  Zven the forr,ls f o r  s l a b s  and 'chrrprotect~.C! rqq.tcr!. ;. i?o13 



t 1.. 
L.L(.: concrete,  e.g. p l u . ~ s ,  t:rc hose2 : . ~ i t h  ctec3.n i n  KlZiW ccses i n  

ord> i -  t o  re:-cove thc snow. 

Obviously stenfii can never take the place  of snon re-  

.. cval  -:illich i s  necessary a f t e r  each sno7;:f 'r2.11. The h:-;xd.3.in~ of .. ., ,,...,,. .. > . . . .  1 a cert;.:in n:ilouilt OF care i n  colinection a;-ith 

'~:ic:;l2ying, s ince  i t s  ixoisture i s  too r ead i ly  nbsorbcd by 

'h~:ick :iilii l i~ l l t - :~e ig l l t  conciae te ,  

Darkness i s  the  t h i rd  fnc-tor nmkiq;. winter construc- 

'ti011 d i f f i c u l t ,  01" course dayl ight  i s  u t i l i z e d  as r.~uci? as 

poss ible ,  Colistruction 'r.iorl: must be ca r r i ed  out i n  a given 

order  i r r e spec t ive  of the  l ig l l t ,  Af ter  sunr ise  and 'oefore sun- 

s e t  t::ere i s  fpequelztly adequate daylight  a t  the  bu i lc l iw si-ke 9 

but ct other times z r t i f i c i a l  l i~!l t  rnust be ~ e s o r t e d  t o  f o r :  

( a )  overa l l  v i s i b i l i t y ,  (b)  ouldooF work, znG ( c )  indoor ~ ~ ~ o r l c .  

( a )  The ove ra l l  illur.!ination a t  the  b-i~ilGin:;; s i t e  i s  

11t:edea -.-.;hen lzateiqi=l,l and bu i ld ing  ~:.xichinery, e.g. rLlop-t:.Y bed, 

concrete. mixer cad h o i s t ,  m e  storeci i n  sheds, L i ~ l ~ i ;  i s  a l s o  

l i ccd~d  out:;ide such sheds,. The l i g h t i v a  device i s  sir.q)le alzd 

rccjuires cor;ip:~r~.tively l i t t l e  a't tentioil, T11z illsinber of l i g h t s  

i s  xael:?.tivelg si:icll. 

(b)  The following t : ~ e s  o:C outdoor ;.rorlr  re^-;.!.ire 

l i l t  i :  f oui?,ciation norlr, concret in2 :ind briclrln;.iil~., A 

r,w:lber of specinl  ne:>.sures must be taken here  :.:nd ;s tron;: lizlit- 

-jw uni t : ;  require3 f o r  fov:~G::tioii worlc and concrc? t i~q.  

'I'liese u n i t s  ~ : u s t  be provided -<:ith r c r l e c t o r s  and ~.xr,t be ::lscec 

high clowi.1 a3ove the bu i ld inz  s i t e  t o  avoid shric?,o~.-:s :md s o  cis  

110-t t o  hrun-3er i;:ovei11ent, For b r i c l r l a y i n ~  addi t i onn l  l i g h t s  are 

reauired oil the spot  so t ha t  tile bric!i,lt.:y,'ei-s can r e ~ i d  t h e i r  

I . . ? v ~ ~ . E .  



In  Ile~~:~xrlc t es 'cs -,-!em l-i~ade v i  ti1 a. l t  st:nil.xxii inst::;ll- 

i n  o : o r .  t i ,  It is intei~cied f o r  tllc >u.i.ld:'~~i~ 

02 houses i1:ivi:~ Ge-2.- Ihs ui9 t o  1 2  rz. , nhe:>e bricl~cl:~.;~i;.1;; i s  

car r ied  out pref 'eral~ly fpom scarfolds o-dtsirle the bailciiic. '?he 

i n ~ t r ~ l l a t i o n  consis ts  oP n standcird ba t te ry  avllich can eas i ly  be 

r~oved fro?: one building site 'to another, As can be seen i n  Pig. 

L15, 1:3ll;.i3s zre  1;coulzted at equal ~ I I ~ G C ~ V L : ~ G  a l l  around the buildinz. 

The l i g h t  f ix tu res  are Pastcned to clr.~i~ps i:1 ordei? t o  preveizt 

tilei;;l from swaying ix the aiizd a id  to  prevent shailovs flqo::l intep- 

f 'eri i~g v i t h  the nork a t  the bui lc i i l?~ s i t e .  The c la : i~s  i n  tv-rn 

are riloun@ed on standards, v~llicl~ a re  ra ised as the s h e l l  is. be?-l-~r:' .-" 

erected, In  Sweden, outside s c ~ ~ f f  01-ds m e  l?ot used f o r  t!l3 

supporting brick~:~or~i,  Therefore the "stsndard ins  ta l la l ion"  i n  

t h i s  forrn i s  not suita'dle f o r  S x d i s h  conditions, Of course i t ,  

is possible tha t  the Danish ides,  adz.pted to Sneciish building 

technique, would p r ~ v i d e  a c;uic t e r  ITiore even l i g i l t i n ~  Fc? 

the building s i t e  than the strong arc  lLmps vr!lich a re  1:ios-L 

frequently used i n  construction work i n  Sweden and vliici? !1sv2 

a tendency to  dazzle, Above 3.11, i t  is rlost iml~ortr?nt th:.,", 

slladoas do not in te r fere  n i t i ~  the an?or:c. 

( c )  Light fo r  i i l d09~  1:!0i>l~ must be provided by lairi~)s 

a t  the spot where norlc i s  carrBiccl out. T h i s  involves m3re 

conlpl i ca  ted arra;c~gemen~ts -than ou-lidoor 1 ight  11%. A ci-ude ;)o:;rc~ 

l i n e ,  i.e., a sup;,ly l iae:  i s  joliled Lo the shed hous iw the 

e l e c t r i c  plant  of tne bxildling and i s  l e a  to  t1-1s i l i f fe~en . t  

apar tiiient s throvgh the telephone in>-c;t openilxs , rtibb i s:.i c?.~~!te 

01' elevator shrift, O i l  ecch s torey a n~unber off wall ou-t lets  aye 

connected t o  the supply l ine ,  Z'_rolil 'ili~l-li~h the recuired l i ~ ~ : ~ l ) ~ l >  oP 

inspection lari~ps a re  dra7::n t o  the dif i 'ere l~t  norkirq 10~a . i ; i3 l - t~~ 

The t e : ; ~ o ~ a r g  l i g i ~ t i n g  such a s  i t  i s  a t  r x m y  bv.9lG-ixg 

s i t e s  today leaves mx~~ch t o  be desired, It a f f e c J ~ s  the pace anG 

qual i ty  of the 7:ror:c as y ; j ~ l l  as the nelPare and safety  02' the 

ao r!u::len, 



PL&;JI JI:?G (?>" l,yIiJ','xE fJCI:3kT;ruC,!TICIIF -- ---------- 
k t  n r v  t i m e  of tl12 ;.~c::j,>: ' t h , ~  ( ~ , ~ ~ ' ~ ~ ' , e ~ e l l l ;  l;t:s!re 2.i; a 

lgli-21Gj-llg ;'i-Le ape close'_y i-;;-l]-,-,3 .... i.,~-i 7 - - -  .$].I ~olle ano.i;ker, E - ~ - , ~ ~ I I ) C ~ ; ; ; L ?  

.. . fop olle rrl'~u1) of' vforkep~ i;.-rnfi~.! .,,,,,,. - .?,::'?;!?:L;r ~:?- ts  ,?f':T 2 cll25,:l ;-.>*',::':;Lo;: 
- - , -. . . - , .. -- -1- 1 -  1 -  ; ;;--I L b c ~ -  S Z I C ~ ~  a - A)J.>C:.k '2 

;;'ay Lnl;epi-t~;?t Lhe ellt-j~ae q>~.l;::~;,y; i,:z;>c-,c~2s;, ~ ~ e ~ ~ l ~ ~ ~  if -j--L 2 x, . ,3r> 

. . t o  -the no r s t  -the 7c~lnte:p \-ica.;:nct;: ;-I?.;;: c-:lu:-ie ,?,<-d:;_-;;io;x:?- ~-i;.:~~~p:;,;-;~:;::,~ 
. # 

nh.ich throw the e n t i r e  pl~nnlng :,L;~-L(;\ -3anTt..sion. 

P lzming  fo r  ni::1-tcy <:3ils .!;>---,?-c", ic,ri i s  eqtli-ju!-en-: -to 

p r e i ) a r ~ t i o n  ag3ins-t the ~-~?.lltel* ::3~-L~.',f:;~fi:;:~~:::. ni jnce  :? . . , , . . , - , - . ; - , - I  . L ~ L  .. ., : r  

buj-l&ill" ttillle of an apt:..r.tl~c:-.l.t. h3~;~-;$ far, jli;li.- geilcrally c get3Lla, 2. 

cei-l;c?ia x,lolm1; of ~ropl.; I T ~ U E - ~  kc; ,,--,>-i .,L ..-- "-L-. '3:: E L - L  dming the  iyLn-l;c;., 

td; Ll~-(;it~r: :';'~p:= Includes lp~in-:c.:,. oJ&el. l,-,ropds, today mosl; si)naL.--~-- 

constxauction a s  well. T h s  ' ; i i~~t?  s.t v i l ~ l c h  the building in 
2 .  

cl;zes t ion 4 s  s t a r t e d  d.eterir!iiles -the exJ~i;;n't of w?-ilter ~~i l r ; t : l : ; . . . . ;~~~-!~~-i~ 

2 .  e. , hov~ auch of tlze dif  f c::beĵ _l; 'injcz ol" constxbuct i o ~  ::ic:jib:-: - ' s; 

car r ied  o u t i n  winter. 

Oair_g t o  vj,.rinl;er ;;r,?afJle~* s,>n3itiolls 7jal-ious t ~ ' i j e s  c\:c' 

construction 1-fork are  sub jec'; i;a v : ; ~ ~ J ~ ~ T I !  s.ddiCiona1 cos%;s, 

Hence 'Llle stage a t  ~~1;;rllich a 12uil-dIng is a t  "s1e time ~ri?en  win-!;^::^ 

delays a re  exgec ted de'i;e~;?-!im s the ali!ouilt of addi tioilal casts 

2nd a l so  dei;eri~lines t,i?e v~s.jr 2.11. :.;hl.sh 'c'::c pl.~.rning 9s  ca.~*r>ic?.  

i i ~ t o  ei'f ect. If' the c o l d  crcntbe;:~ g' tclr- ts  ;just yrilen the f lL~:L:l- 

s t i o n  i s  a11 out to  be pourcd., -i;i~e yr?cp:?.~a.tio:,~s <rind mer?su_n3z,i ~ : 2 - -  

quired d i f f e r  g r e a t l y  f r a n  ihoae ai ' tcr  aini;e:ia has s e t  i n  vhea 

p l a s t e r  zo rk  i s  a,bou% to h e g i ~ .  The .ti;ne 2 4 ;  whfch the conot~?.uc:- 

t i c n  ge t s  ulrder nay t l ~ t ~ s  i s  an iri~porttln-i; f a c t o r  i n  tlie p i : q - i ~ ~ L ? ~ "  

~i16 i n  est i lmti l lg the ar'Lc?itiontll cos t s .  The c c r 1 i . e ~  t h e  c-:oi-i- 
.t ,,,l.ctor -A ,- is inf'orxed of t l ~ l s  c?::.-t;e -i;l!.c ~;;:b,.c:-te;? ':,ill '!e h3-s ( ; ~ ~ : . ~ J : ~ ~ : : : ~ ; : ~  

of ~ ~ - O C U P ~ L ~  tile requilaer', i.~:ichinesy an2 l a b o t ~ ~  irz t i i ~ e .  

:::For '~lle salre of economy a gps:,J; c'_asl of tiliie and cape s:- . L ~ J  --.."I L:LLA. 

be devoted t o  the d e t a i l s  of plalulir&. 





heatill2 p lan t  occu2ies a key posi t ion i n  the planning, The 

sooner i t  s t z r t s  operatlw, the rnore call be saved on other 

J~elq-~orary heat sources*, 

A s  soon a s  the pipes i n  the basements a re  l a i d  the 

basement f loor  should be f inished without delay. Then cer ta in  

types of outdoor nor11 could be carr ied out i n  thc baseixeiit, 

The basement f loor  a l so  provides a more convenient foundation 

fop the r a n  f o r  s e t t l i w  the forms f o r  basement j o i s t s  than 

the ~ o u g h  s o i l  does2::*. The win do^-/ franles must be ready to  be 

put i n  place a s  soon as the s h e l l  of the building i s  finished, 

Frorn t ine  to  time i t  m y  be necessary to  minor chalxcs i n  

the planning of cer ta in  tasks i n  order to  keep construction 

go iw,  

I!oP!; yeserved f o r  periods of poor vrea ther iilcludcs 

f inishing -;raZis, in te r ior  plas ter ing,  etc, ' J h e ~  the 7;:intor 

irerAJd~er becomes severe only indoor work i s  carr ied out aiid 

1:reparations f o r  %his  1n11st be made i n  advance, 

Work i n  v~orksilops and p lan ts  is not affected by the 
I .  -:rca;.l.~~, Therci'ore, the increase I n  the manufscture of i)re- 

i '~.3~~.ic_ited b ;iildilis pa r t s  i s  an imx~ortant s tep i n  the r igh t  

2.i~?cc-i;lon To13 srlloot!~ winter conctruction, For exarLrple, i t  i s  

er -~s ie :~  t o  i n s t a l l  p ~ e f n b ~ i c z t e d  s t a i r s  than to pour concrete 

s tcizbo ci-cyinz the niilter, Lilrenise, various f i t t i n g s ,  vrro-~~&t- 

i ror  par t s ,  i n t c r .50~  v!oodworl:, etc., s21ould bc obtained ex- 

clusivcly frciil the plants, This i s  beiw done increasiilgly 

today. 

:Ic PutJcirq.; the permanent heating plant  i n  operation at the 
e ~ . r l i e s t  possi5le rloment i s  of prime im-portance. 

::::%The hasemelit f loo r  rnust be f inished a s  ear ly  as possible, 
'i1l?.is f a c i l i t a t e s  carrying out vrdrlr reserved f o r  unravournble 
~rectiler. 



For low-range bui lding a c t i v i t y  i t  ~:roulcl be i:!orc 

econol-liczl if an a t t enq t  :-]ere ~nt:.de t o  reduce the builc1:iilg tir:?.e 

and t o  use xoPe pref";bricated bui lding par'ts. This i;!oulc? be 

an important f a c t o r  i n  the reduction of building costs ,  I'G is  

reasonable t o  asswle  th:.!.t i n  the fu tu r~e  prernbriczted p a r t s  

w i l l  colce in to  tl-ieir ov.cr1, 

I n  many respects  f ouida'cion ::ror!z i s  one of '~hese 1:ey 

-t:$s!cs i n  construction vrorl; and should be given 12rcl"epence in. 

the p1amiilg, If the f ixed " c r n ~  f o r  s t ~ . r t i n g  aork ~)revei?'k~ 

-the 1a;y;rfng of' the Po~?rr6-;1.tion dur i lq  the ;'itlT:~?er pErL  of tllc 

;re;:r, e;:c:3.~;:3t ion :;.rap!; sllould b z ~ i n  Sci'ore the s o i l  f'rcczes. 

Therefore, i t  i s  eq)edien"i t o  st:ipt fiip;iiqx tile c~c;?~s:i;ios~. 3e- 

Tore bv.ilr3li~z a c t i v i t y  cor~les -to a st:lndstill:::, 

If possible,  the ;::cLter syste!:~ should 'ue i z i  o ;~e~-~i- l ; io>:~ 

before '~iie Frost  s e t s  in, 

The road approach 'to the  building nust  alvrays be ti1 

~ e r f e c t  shape berope the f r o s t  s e t s  in, 

The permz.i?ent s y s t e ~ ~ ~  of Crains sho~iLd a l so  5c? re,?c'L;i 

ar; soon a s  2oss ible  so that; i t  i s  i n  operc?.tioli vIiiile the b~:.ILdLni- U 

is 1)e i . r~  erected. il -,-:ell-drxinecl i'ouildatioa s o i l  i-bciiuccs "i!la2 

2allr;~p 02: f r o  s 'L, 
0 

Concreting requircs  the :cost carePdl :)lanilins i ' ~?  

the .v~in-Ler:r:::, The x.iount of concreting -to be clone d ~ ~ . r l n s  -Lhz 

n in te r  should be known s o  tl.1~1; a b o i l e r  p lan t  c2.n be S.nst:?.l.le<: 

::: Foundations should be back f i l l e d  as soon as  possi'nle. T l ~ e  
s o i l  f o r  bacl; f illiw i s  of ten 1-zft a t  (;he 1sui l .d i l~  s i  tt: t;.~lC 
i s  apt  t o  freeze, thus intel-fcring -:!ith the progress of '~hc  
->-!o rlc. 

::::::Concrete nop!; i s  more sens i t i ve  t o  chawcs i n  telx,ci-:-tu17c th--? I-i.. 

other out6oor v~orl;, 



i f  necessury, If t h i s  is  S O ,  i t  ' x i 1 1  be necessary t o  cieci.de 

betzeeil a low-pressure ::nd a high-pressure bo i le r .  The slx:::>e 

of the bui ld ing i s  a l s o  of sorile i!-ilportance. Dii'fi'e2..eil-i; mcasures 

ape sometimes required f o r  a l o w ,  low nalarow house thsn f o r  a 

hich conlpact one. 

Ileating requirements sllould be based on the work 

scileilule so  t h a t  a ma::imurn norlrinl;- r a t e  can be aa in tz ined  r i g h t  

froin e a r l y  morning, This means t h a t  temperature ol~servi?'tions 

rimst 5e  i;lade zinu t h a t  the  weather repor t s  sho~LLd 5e studied::. 

I n  poor we at he^ briclclaying must o f ten  be reorgaliized, 

A s  a r u l e  it should not  be too d i f f i c u l t  t o  keep the  briclr layers  

o c c v ~ i e d  ,>iith sorile o ther  in~orir, FOP exa~:ple ,  the2 relay be eE:- 

ployed with i n t e r i o r  p l a s t e r ~ i l x  i n  the  baseinent o r  roonis t h a t  

have been coriipletcG and ~ i t h  r i n i sh ing  n s l l s ,  e tc ,  Of' coursc, 

i t  i s  r;:os.l; important t h a t  tlil:~ such reorganizat ion does i20t 

inLepf ere  with other  aork. 

B r i  clrs and light-we igh-l; conc?ete should not be d;x;l? 

011 Celiverg t o  the b u f l d i ~ i g  s i t e  and ~ m s t  be s to red  i n  su-cil a 

v~:iy th3.i; they cannot absorb i:!oisture. 

The nezisures required Tor i n t e r i o r  p1,clci;erin.g d ~ : ~ r i : ~  

tile n i n t e r  increase the cos t  appreciably. 'I'llererol-e, i t  i s  

im-loratant t l u t  i n t e r i o r  p las teTing be planned v:ith the g ren t c s t  

econol;;lr possible.  This app l ics  p : ~ r t i c u l a r l y  t o  drying devices 

and covers, 

S t a r t i n g  the pem~aneilt heating p l an t  as soon 2s 

poss ible  has a decis ive  e f f e c t  on the r e s u l t s  02 p l ss te r ing .  

V/hy not  have a rad io  i n  one of the shacks so t h a t  -Lhe weather 
pepopt can alnays be heard? 



If the  t7~indoiT!s have not  been placed, the c a s i w s  

silould be constructed i n  such a wag t h a t  they can be used frorn 

olle buildinii; t o  nnother, e.g. b l inds  of sacking. 

The drying devices sllould be adequate f o r  a l l  the 

p l a s t e r  ~-rorlc involved. 01" course ti3.c capac i t i e s  of the  indi-  

vidual  devices l i 1 ~ 1 ~ t  be lcnovm*. 

Proper i:~ainteilance of' the bu i ld in2  s i t e  during tlze 

-aintc? i s  essen t ia l .  Therefore, the bu i ld ing  r u s t  bc l e f t  i n  

such a s t a t e  a t  the encl of' the day t h a t  ::;or11 call begin the 

next r;norning a i t hou t  delays,  even if the  ?;;eather i s  ~uzfavourzble. 

In  covcrin;l; thc building- mate r ia l  the danger of' snosr ant1 i? ig l~t  

f rao ; t slzould be considered. 

Tile s i z e  of the bu i ld ing  detemilzes tlzc type of' 

h e a t i l x  device 'Lo be used f o r  the shacks. For 2 l a r p  bu i ld in5  

cexltral he:>tikm 2ro:x a b o i l e r  p l an t  would be :;lost econoxic;2l, 

bu t  e l e c t r i c  hea te rs  o r  lrerosene hea t e r s  a r e  o f t en  mope sui-tzl'ole 

fop  snlall buildings. iiutonla.l;ic heating i n  one Tori-c o r  alio";.lcr 

i s  more econoi;:,ical i n  the long 1-un than, f o r  c-rLi7. 1 , the con- 

ventiolial s tove,  desp i te  the higher first  

Tlierrnostatically-controlled hea te rs  should be most 

econoinical i n  operatiolz. They can be s e t  a t  a c e r t a i n  miliirLiurn 

f o r  the a i r  tei-ii2ernture during thc  izight. Therinoatats m a y  be 

used f o r  both  e l e c t r i c  lzeaters and o i l  heaters .  Rei:~oval of 

?:a "Winter f o r  i n t e r i o r  p las te r ing"  coincides with 'f::.rin-t;cr fo r  
concret iw".  In  order  t o  maintain c o s t s  f o r  i n t e r i o r  p laoter-  
ing durillz the winter  :;:ithin reasonable l i m i t s ,  good planning 
and the r i g h ' ~  kind of drying devices a r e  needed. 

.'. ... r ---L,:cchanization pays i n  the long run ns f a r  as. heat ing inn t a l l -  
a Lions For ':{inter const ruct ion a r e  concerned. 



sno1,:i dur i ra  the winter of ten i-mkez i t  necessary t o  have z Zang 

of ~ - ~ o ~ . : a ~ e n  s h o v e l l i n ~  snon before the regular  working hours so 

tha t  nork can begin a t  7.00 a,m, Road approaches and supply 

should be shovelled i n  plenty  of time before -i:~ork begins 

i n  the morning*c, 

I n  order t o  he economical, temporary l i g h t i n ~  siiould 

coas i s t  of portable i n s t a l l a t i o n s  vrhich can be moved f r o m  one 

Suilding t o  another ~vithou-t m:zlcing too many changes or usiiig 

too i-zuch mteric i l .  This vrould c o n s i d e r ~ ~ h l y  ?educe the  cost  of 

i n s t a 1 l : ~ t  ion. 

Financial  P r e ~ ~ a r a t i o n s  -- 
A s  mentioned i n  the introduction there 1l:ij.s been f o r  

sorile time a trend toaards year-round bui lding ac t iv i ty .  Dxeing 

the pas t  decade grea t  s t r i d e s  have been rmde tonards achieving 

t h i s  aim by d i s t r ibu t ing  times f o r  s t a r t i n g  d i f f e ren t  types of 

cons-truclion 7:;:;or:r over the whole year. Thus due a t t e x t i o n  lias 

been ziven to  t l i is  l c g i t i m t e  soc ia l  aim of providing v~orlr f o r  

the e n t i r e  bui lding t rade the year round, 

Honever, i t  i s  necessary tha t  those .:rho a re  f inanc ia l ly  

res>onsible for. E buildirq sliould f u l l y  understand vhat is  im- 

p l i ed  from the ecorloniics point  of view by s t a r t i n g  d i f f e ren t  

ty2es of construction worlr a t  d i f f e r e n t  times, It means t h a t  

the b.u.ildirq cos t s  ~xust be checked i n  d e t s i l  and systeimtic 

a c c o ~ m t i ~  rzust be applied, Only by watching the b u i l d i l u  costs  

c lose ly  can the economic consequences of winter construction be 

f u l l y  understood, Unforeseen f ac to r s ,  such as  changes i n  the 

:-:ecl.thcr concii t ions ,  m a y  i n t e r f e r e  v i t h  the orcaniznt ion a d  

r ~ . c ~ ~ ~ ~ u r c c  I-. I> t:ilcen a t  the b u i l d i w  s i t e ;  unexpected f l u c  tu t ions  i n  

t h e  pr i cc  l eve l ,  e t c , ,  a f f e c t  the esticlntec, o r ,  a t  l e a s t ,  comp- 

l i c a t e  thci!~. 

::"Snow i s  1::ost c c s i l y  rexoved i f  t h i s  is donc a t  once" i s  2. 

Danish slozan. It equally appl ics  to  Sneden, 



I3ISCELLANEOUS POIRTS - 
Co~lstruction :- or!^ i s  ca-rricd on thc :re:lr p ~ - ~ l d  i ~ 1  

p r : ~ c t i c z l l y  311 partc of S-::eden. In  conclusion, the-*-.7' A LL OL~C, 

i t should ;jeri1:22s be point ec? out tll:r!.l; ?;r i~tci?  C O E . S ~ / ; ~ U C ' ~  ion 

s-bi l l  iilvolves a. K ~ I J ~ I ~ C P  oi' ~alsolvcd prol~lci?s. Ci:l,r c?. fz.:! -J. -\-" 

thelx, e s ~ ~ e c  i a l l y  tilose o f  i:-ixlcdiccJ~c i n t e r e s t  , are  i:;cntionec?. 

here: 

d i f r e ren l  t m e s  of bo i l e r  illants f o r  concreting instal lal io2-i~ 

l,y~llic]l aould bes t  s a t i s f y  tilt 3ecG oi' the buildiilg con'~il:~c-Lo;-, 

2, hi~li-przasure bo i l e r  esyecia1l;r desigiic6- :ko- 

concrctinz i s  needed to  rci3lace the old trfictoi-s, vrliich c c ; ~  

origil ial ly inteended Tor rzm.:in,- and v~iillicil are  no l o i l , ' ; ~ ~  ::z~-LI- 

?actured. Sucli a bo i l e r  should have a water tar& 02 ~ r e a - L c r  

c: 1;7:;city i n  order t o  reduce tile var ia t ions  i n  stca1,!-~1z~css~>:i2:f~ 

Tile 50i lc r  i7:ocld then not 'oe s o  l i k e l y  to  bo41 dihxo =;-i;,.:,..-Li , (. -. .- 

Freasv-2e of' 3 to  5 ~,XI. /sq. cr.,~. is f u l l y  adecl -~~a- tc  P O ~  I~L.-~.~~-LTL~ 

J ~ h e  boi le r  should h e ~ t  the viater direct ly .  

L .  I t  i s  generzlly tlloug!:,t tha t  the use of coo',- LL e 

br~zzier~s  mider concretc E~;:.'os pro:noles the forlra-Lions oi" r. 

Tcl.tt;r surr'zce on the concre-t e, v ~ i t h  the rcs~l - l t  tha t  tile ce:i!_il?c. 
"U 

m7 p las tc r  then acihcrcs p o o ~ l y  arid ~3ossibly f n l l s  cloan. ~-2:~s 



The:;e 31-e a ~>:~?.ri:plcs of sowe of tllc 1;:o;?c V L > Z C ~ . . ~  

pro'uleiils. Poss ib ly  t i lsrc t1i-e 3 1lui.:l3cr of ottien, i i l t e r ~ c s ~ ~ i i l . ~ ~ ~  u 

?i ;>( jb l~~: :~ ,  ~:jilicj1 x i11  5 e  ~ i - j e : ; ~  tlv.c coils.iderz.tior, as  the  d%s- 

cuss ion  on conc t ruc t ion  continues.  
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$ of to ta l  
number 

Y- 1935 36 37 38 39 40 41 42 43 44 49 46 47 98 49 50 51 52 

Fig. 1 

Seasonal unemployment i n  the  
bui ld ing trnde has a l l  but  d is-  
appeared. Only t en  years  ago 
i t  nas considerable and was 
most marked f o r  unski l led  labour. 
lnlhat i s  l e f t  now i n  r.iid~.- inter i s  
merely the type of unenplopent  
occurring when worlunen change 

ui ld ing project  t o  
~ ~ ~ ~ h ~ 3 7 ? .  

Fig. 2 

"Unfrozen groundtt i n  d i f f e r -  
en t  p a r t s  i n  Sweden. The 
numbers g ive  the approximate 
values f o r  the unfrozen ground 
below the surface,  i n  metres, 
f o r  the regions marked by 
s o l i d  l ines .  ( ~ c c o r d i n g  t o  
BABS) . 

Fig. 3 

averzge monthly values f o r  the  heat ing 
period calcula ted from the temperatures 
a t  7.00 a.m. 

average monthly values f o r  the years  
1901-30. 



Y i g e  4 
A l t h o ~ h  the absslute m o % s t ~ ~ e  content sf the a i r  1s %ovr Bn 
winter, i t s  r e l a t ive  hv~:~%dity is hbgheaf than in ~ ~ ~ l r n e s ,  This 
ar,e;;ns tl12-k its !110$~"1e-a53~~~~;b%ng capacity is lower, The 
diagraan sho7:$s the variations 02 the relative hm~fd i ty  of the 
a i r  du~ing s ye-IP in .i"boekhoU (accsyding $0 $he handbook ~ygg$, 

Hours of d : ~ y % $ ~ h t  (i, e ,  , diPfusef i  daylight) fa di f f  e%ent gar ts  
0%" Scelsaa. ,';, l i g h t -  %n%ensi$y sf 500 lux is aas%9piaed t o  be the  
rn in i i nun  anout  of li~ht req'11i~ed $OF ~ a ~ a ? y f r g  on esns"e%uc&ion 
riao~lr nithoul n s " e f i i e i n %  light, The df~.grmas ape based an data 

ff)%%rs$ion of  s7mshfne in houso per month for the tine from 1st 
Bcto%er, 6951 to %st Jwe, 1952 (dot%ed l i n e ) .  Avepage duration 
sf su~%l~%r%e calcdL-ited TOT? %he yea316 1908--bCIl ( s o l i d  line), The 
dta,rsaci reL'eps t o  S%s@!chsE-c;, 



Ffge 7 
The excavator norks d e s p i t e  
$he snov. A s t ~ o x g  eiica'tra%or~ 
works t h ~ o u g h  an i c e  emst 25 
oas 30 em, thick, 

It is much c h e a p e ~  t o  cover 
the ground w i t h  s traw than 
diggbng the excavati  
the ground is f rozen pnlaf ter 

The jeep with the cornpressor 
unit I s  effaeient and versa- 
t i l e ,  %%ere a hole i s  being 
&i%led for blss$in.g %he ice, 

Fig, 3.9 

The drying m i %  2J3PICO ?:{as de- 
signed for the purpose of 
thsvlng f r o z 5 n  soil, The de- 
v i s e  is heated qt~ i th  chmcoal  
and according to the directions 
it dries ~::i.$h both  hot air an& 
r c d 9 ~ n t  heat, 1% can even be 
ased for $having and heating 
the material l'zalcing up the @an- 
c re te  as well as %or drying 
pwposes, 



io 
&0 c3Ukang thB t e s t  in a ~ y s  

Increase In the strength of 
concrete containing standard 
cement and h a v i ~ a  the 'sno%m%8B 
ssqmsit isn at different %em- 
p e ~ n  tures of hardenin- ( i, e, , 
external ternpernturesy, 

Pig, 12 

1% sand and gravel  a re  l e f t  
'c~%~parotected, the view p ~ e s e n t e 8  
by %he concreting fn~&a%%a$ion 
here is not exac%ly i~vltfng, 

Fig, 13 

If the sand is protected by tarpsulins it is 1-aucla. easier $0 

cart, The vrheefbarsoa shorm is of the o l d  type, D u i n g  the 
wfnter the oldi-time salaee%barsov:is :Ape freyaenlly p ~ e f e r r e d  '&s 
modern carts because sand moistelzed by s tem:1 does n o t  readily 
freeze to the bottom. 



T2xe sand b s u z i e p  as a heating d e v i ~ e  i i a ~  l o n g  b;\een a csr,li:asn 
sight, on constructioils, Today in ;lost cases stern j e t s  are 
used f o r  heating 'the sand, 

awotlon cover 

Steam ouQets 
rotatable - 

Pset~eater 

l i r e  bo:i------ 

See$isnd drawi 0 0% low- "r 
The lo~;~-p-seec;-:u~?e b s f P c r  ( ~ s b y  

pressure b o i l e r  0sby design), design) is a heating Qavlce 
~ ~ h i c h  i s  e : s y  $0 operate znd is 
msvdble, It is su%ttYble $ 5 ~  

snm3.l sonsLsc"uctislas, As can be 
seen, it has a seykza te  w a t e ~  
hester, 1% generates bstv:een 
68 and 170 lrgrfi, of s t e m  per+ 
hour, depending- on i%s s i z e ,  
The Bsby b o i l e r  can be au1qlied 
f o r  ~%zpe%heated s tes -a  up t o  
+18O0C, 



Fig9 1-7 

Lon-pressure b o i l e r  (VEX design) with bu i l t - in  filament 
battery $or heating the water, 

Fig, 18 

The water $a& above the ~ o n ~ r e % e  mixer is p ~ o v i d a d  with 
a f l o a t  and operates nore o r  l e s s  l i k e  an srdina~y f lush 
tank, i,ee9 ft fills au&oma%$cally after supplying the 
mixer a%$h water, The water i s  heated with s t e m  From a 
h$gh--pressu~e steam genera%or with nine steam outlets, 



The m % w n  steam 2- 
m a b s r  bedB may be  UB& 
%w heatiazg water 

A Barge s t e m  generatop heats the gravel ,  keeps the moulds 
free from snow snd ice  and heats the natek  r e q u i ~ e d  far pouring 
and $he water for mortar and s t M %  3% well. as the  water fop 
washing, It supgPies central  heating and heats the ~ B P ~ S F  bed. 



Fig. 20 

The electrienlEy driven 6 ~ 0 8 % -  
cut savi rmkes it poss ib le  t o  
use waste ~p~osd from the 
building operation for firiAng 
without high 9 8 b 0 ~  cost, 

Fig, 21 

Quf ck-setting cement i q a r  ts 
the sa:be strength to %he con- 
c ~ e t e  in one week as stan 
cement does in $ o w  weeks 

F i g .  2% 

If the concrete is covered 
vfbthin the F i r s %  half ksm 
after p o w i n g  the concrete be- 
comes frost-resistant more 
rapidly. three hsws St 
m y  be t o o  la te .  "%he ia rams 
slpe based on data  from h 8 .  

Fig, 23 

S t r a n  mats on freshly poured 
concrete p~ovfde effective 
insulation, al though in 
they are quite expensive 



Frme with 
oabeetoa bottcun' .' . . -- 

Fig, 2b 

The kerosene-heated Luntork is used f o r  m a n y  pmposes in. con-- 
Btsfuctisn, It serves f o r  heating the freshPy polbred concrete, 
dryfw the plaster and providing a pleasant %empera$uke for 
working, B t  is well suite& f o r  small spaces, The hestep can 
be so :i& justed $ha$ it supplies bebaeen 7,OQQ and 25,308 kcaP, 
QF he:rt yes kaour, D w f n g  12 how8 of spe rauon  the e f fec t  is 
nradually reauced fa90~ 22,068 !cczll,/hr+, t o  an avepaEe o r  
b) 

17,000 kcal./hr, The avera&e consmptisn of kt3~0se~ae is given 
as %,2 l i t r e s / h ~ ,  Beside the photograph the heater 1s shown 
in cross-section, 

Fig, 25 pig, 26 

Wfth a simple device smB% B r i c k s  and %ight-y~eigh$ con- 
holcs of varying depth can case%e must be kept dry and 5-reP% 
be raade to enable the tenper- covered, If the bricks are dry 
atukes of' %he concrete to be they wf ll rapidly absorb %he ex- 
checked while it is setting, cess inrater in %he i i . i~~t;~r,  thus 

reducing the danger that  t l~ i s  
water might freeze during brick- 
laying, En stormy westhex? the 
ta~pau%lns may be fzsteneSk with 
clamps ins%ena sf being vaeighted 
down with brielcs, 



Figs 27 

In winter it is pasticularly 
i r rgm~tzn t  to keep &he m o r t a r  
s o f t ,  This is facilitated By 
naechmicsl stLrr%ng, A stf ~ r e r  
(~imak design) is sksevn fn the 

Para l le l -b lock masonry. A 
spec ia l  t o o l  d%st%$butes t e 
mortar in p a r a l l e l  strings?l). 

Pig, 28 

BuPPt-in mortar bed, 

It is clafmed that no device can 
compete ~ 5 t h  the cake b ~ a z % e r  in 
e%f iciency, An ar,mnent in its 
bavow is its ePfec t  on %he C ~ P -  

bonizatfsn process,  whose %w 
p o ~ t a n c e  for the drying carnot 
be exaggerated, Easge m o u n t s  
of h e u %  are neeaed far *y%ng, 
It Bs e s t i r s t ed  tha t  coke braziers 
produce Setween 7,008 and P5,088 
kcal, of heat per houro depending 
on their size, Sacking on wooden 
f ~ r n e s  is an ordinmy but en- 
tireu effective means of' cover- 
ing windows, as shsm in the 



Fie;. 31 Fig. 32 

Pe showing how hot-air Oil-fired f P ~ b ? ~ n e u 9 q ~ a h c o  fie- 
rs may be mounted, They sign). This tme sf hot-air 

e i ~ c d a t e  the air and thus heater is FrequentPy seen on 
drive the nsfsture out of a constsuclisns, I$ produces a 
building, mixtare of a i r  and gas of 

approximitehy 2,200 eu.m./hr, 
a% s $emperatwe of to 
+990"~, The oil %ion 
1s from 7 ts $0 

Fig, 33 
Building drier QBB design), 
"Ee dapie~ is provided with a 
eentrf fwal  blovtegn and pro- 
cluees a gas-air mixtwe of' 
2,500 m.g/bs, The %emper- 
a t w e  of t h e  exhaust is 
approximately +'%8O0G, Its 
cspscity 4s l+$,000 kcal./h~, 
The drSer be fired with 
boiPes wood, waste wood, peat,  
sweepings, etc, The type 
shown in the f igwe  %a on 
wheelse 

Urn-torken is a sr%alE, readily 
transgo~table and quite effec- 
tive forced hot-air heater, 
E$s 6Ei~%6i$y is $5,000 $0 
156,066 kcal,/hr, The mi% grs- 
duees a gas-air rnfxtwe of 
2,000 cu,m,  pep hew, I%% ail 

tion is 2- 10 kgm/%er, 



The OK mi& is gzroviiied with 
a high-pressure nozzle and 
sepamtes the flue gas from 
the %as$ air, The m i %  has a 
cg.pacity of' 2,500 cu,m, and 1% 
heats the  a f r  to a % e m p e s ~ ~ t v e  
sf 88 - 1 0 0 " ~ ~  The temperatwe 
sf the su&gaiw flue gases is 
180 - 20Q"~, In eontinuou~ 
operatian the oil consunction 
2 s  .l+-8 fitres/hr, 

The vsod s tove  s t i l l  is the 
heatln~ device xost frequen%ly 
seen %n nsrkxnen's shacks, 
Hate the ar~anger;?ent for dryfng 
clsLbes above t h e  stove, 
5-Lthsugh the interior sf the 
shack Sssks cheerful nobody 
could m i n t z i n  t h s t  the sfd- 
fashioned -vssd stove increases 
%he c ~ r $ o r t  in "be shacl;. 

Fig* 37 
The  &uakoi% is a kerosene-fired heater, wrH%%ch require% l i t t l e  
attention, b$s heat capacity is adjustable between 1,700 and 
17,000 kcaI,/hr, The Guako3.H Minor has a ~ ~ ~ I r n w i l  PPeatPng cap- 
acity sf 350 cueme The fuel consumption is 8.2- 1,5 litres/h~, 
Note the lunch boxes on top  0% the heater, 



Fig, 38 Fige  39 
The W heater is heated by The VT healer, A centrifugal 
battery cells with a total blower or propel be^ fan circu- 
effec t  of 18 ~ F ~ J ,  and produces lates %he air, A t  a flue-gas 
2,008 cue& of hot  air per temperatwe of +250°6, an air- 
B o w  (+50"~,) at a temperature gas $empe-sa$u~e of  180°@, is 
sf +Po"c, of  the %ntake cbr, obtained, The PdeP consmp%ion 

is 2 - 3  litres pep h o w e  

G t e m  should be utilized as Waetors ape often used today 
much as possible, for example, for t ~ a n s p o r t i n g  m t e r i a l  f r o m  
fos  %he fo%ms f o r  walls which large eonstruetions, In %he 
are not rea&$ly aeeessible, e the Lrasts~ is struggling 
S t e m  saves time and l a b o w e  with the snow. 
Hsviever, s t e m  8hoUd be used 
sparingly in the viefnfty of 
masonry, S t e m  earnot be used 
either when %he snow cover has 
thickness 0% more than a f e w  
centimet~es, 



Fig, 42 ~ i g *  k3 

% % ~ o v e l l  ing snsvi is mpraduc t f  ve ~ o r k ,  ~??i'~ich takes ~rrsaflcr~~en ais!ay 
from rnore productive const~uctisn tasks, 

hng  %he smfier the elctric- 
light installations need n o t  be 
as complex as that shovm here. 
Thls installation psoviiies bo th  
hezt and light, Darkness during 
the wintek mkes large arc  %&raps 
essentlsl for outdoor t-msk, 

Fig. 45 
The "standard %ns$a%lationsB 
is a Banish suggestion for 
temporary outdoor f Ightdng, 
Reflective enmilel screens, 
$3 cm, in di=e'ce~,  are noun- 
ted five metres above the 
r;ioaslr s i t e  and tmned 45' in- 
v~!317d5 thus f If uAiina$ing the 
e n t i r e  buildira$. site,  The 
m x f a m  distance be 'PI en the t- 7 ~ m p ~  is six x e t ~ e s  9 . 



r ----- - -7 2 % ~  headhap9 im f igb 
f e l f g b Q i a g  vi$hin 
BBLe rb&r bail ding 

2 5 m e p m g ,  & a m p e r n e  220 T* 65 W e  
- 

* 
Fig, 46 

Equipment of the shed-hsusfng the e lec t r i c  plants,  he light- 
i ng  a.ai$hin the shed is not included), P t  pays $0 arrange f o r  
adequate light for indoor work, The Pact t h a t  construct$sa Ps 
no$ stationary is no season TOP trying t o  economize an %%gh$, 
Lighting constitutes only a negllgibbe a ~ 0 a b 9 a t  of the additional 
costs far winter measures, 

Pig, k67 

le of p s o ~  lighting with shadow effects, 


