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PREFACE

The problems connected with building during winter
months have been a concern of the Division of Building Research
since its beginning. Thls phase of bullding research is one

that Canado has in common with other countries, notably the

Scandinavian countries., Much can be learned from their experi-

CNCcCe.

It is hoped that the translation of this article on
winter construction practices in Sweden will be of help to those

in Canada concerned with this problem.

The Division of Building Research wishes to thank

lr, H.A.G, Nathan for translating this article,

Ottawa, Robert I, Legget,
November 1955, Director.



WINTER CONSTRUCTION

THTRODUCTION

An idle building trade during the winter was forierly
taken Tor granted and considered a natural event everywihere,
The entire building activity and thus the building-material
industry came to a standstill after October lst,

There has been a steadily growing trend towards
building activity the year round for a number of reasons. As
in other key industries, labour within the building trade has
become increasingly specialized., During the winter the construc=—
tion worker today has no longer the same possibilities of
switching over to another occupation where he might assert himn-
self in competition, Since numerous mechanical aids are now
avallable to the contractor at the bullding site, it is only
natural that he should be interested in utilizing them economi-
cally and thus avoid unproductive idle periods, On the other
hand, the situation on the labour market during the past decade
made it essential to utilize all the available labour the year
round, Last but not least, state control of the building
activity was enacted in order 10 spread work over the whole year
by specifying times at which construction is to start, thus
counteracting any unequal burden on the labour market*,

Building activity during the winter no longer en-
counters technical difficulties which cannot be overcome by

*What winter stoppage means:
For the construction worker - seasonal unemployment.,

For the contractor - unproductive expenses for
machinery and admini-
stration.

For the property owner - loss of rent, which eventu-

ally will affect the amount
of rent paid by the tenant.
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present-day rcsources, apart from certain types of construction
work which should not be carried out in winter, i.e., exterior
plastering, exterior painiing, exterior paving, levelling and
landscaping. However, these types of work may be suspended
without any great interruption of the time-table until the
weather becomes more favourable and may then be carried out at
the best suitable moment, irrespective of the other construction
worke.

Above all, three factors, i.e., cold weather, snow and
darkness, decisively affect winter construction, The manner in
which these factors assert themselves is explained in greater
detail under the heading "Winter weather conditions in Sweden!,
In order to counteract these factors a number of different
measures must be taken., However, it should be remembered that
special measures are costly, especially in a building under con-
struction. The problem facing the coniractor when he wants tc
maintain building activity the year round is as follows.

The costs for winter measures should be balanced in
such a way that they leave a margin of profit for the builder
and take into gccount the public interest as well. These
measures, which arce of a long-term nature, are intended to
spread the building activity more evenly, corresponding to the
level of occupation in other industries*,

A study of the records is being made in Sweden 1o
determine the extra cost of winter construction, This study is

*Zeasonal unemployment means:

A burden on the labour market, unemployment insurance
benefits or compulsory retraining for another occupation
during the winter.

Building the year round means:

A more permanent labour force, economic and social security;
the demand on the building-material industry and transport-
ation companies is more evenly distributed.
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made possible by a grant from the Statens Kommitt€ £8r Byzonads-
forskning (State Committee for Building Research) and is being
conducted by the author, This analysis is based on investi-
gations during the years 1945-52, It is intended to esitablish,
with the aid of this research report, a schedule based on
different data obtained from a study of a representative selection
of buildings. Furthermore, it is also intended to determine the
economic effect of such schedules and Tixed times for starting
construction work on the building costs for different types of
houses.

In order to determine the expense imposed by winter
on year round building activity, the fact that weather conditions
may be the cause of additional costs during all the four seasons
mist be taken into account., On the other hand, certain types of
work may be facilitated by winter weather conditions, in any
case compared with conditions brought about by rain, etc., during
the fall.

The present booklet deals in t{he first place with
measurcs taken during the winter in order to carry out certain
types of work which normally cannot be carried out during this
season without additional expense, This booklet does not claim
to be conclusive but merely reporis on practical experience
gained and observations made in winter construction, Furthermore
i1ts scope does not permit a description of all the machinery for
winter construction found on the market. In cases where the trade
names of different devices hawve been given this does not nean
the description presents an opinion., It is merely intended to
show roughly what may be useful, Data on the capacity and con~
sunption of fuel, etc., have been gathered from the distributors
of the devices.

The type of work which increases the cost of consiuc-
tion during the winter is carried out chiefly by unskilled labour
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and bricklayers. It is reported under the headings:

Foundation work, concreting and cement work, masonry,
interior plastering, maintenance of building site, snow removal,
etc,*

WINTER WEATHER CONDITIONS TN 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 ground" is the ground
below the surface on which the foundation walls and footings
may be erected without danger of freezing. This suggests that
the unfrozen ground always 1is a relative value., Apart from the
temperature the following factors affect the freezing of the
soil: thickness of the snew cover, duration of the snow period
and geological conditions of the soil. Therefore, under ex-—
ceptionally unfavourable conditions, the nunmerical date on the
unfrozen ground may be very misleading. This may have dlsas-—
trous consequences, It proved costiy to many builders during
the cold winters of the last war, The map shown in IFig. 2 has
been corrected by taking into sccount the values for the vnfrozen
ground during these winters,

The effect of the cord weather on other types of con-
struction work varies., Repeated fluctuations in ternperature
gsbout 0°C, have an adverse effect on concreting, even if the con-
crete itself is frosit-resistant, Thaws alternating with periods

#*Terminology in the present booklet is identical with that of(h)
[ef. list of references on p.49] of the present paper .

“wThe Building Conmittee's recommendations for building codes.
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of freezing may have a devesteting effect on other types of con-
struction work as well, The diagram in Filg, 3 clearly shows

how the winter in Stockheim is characterized by incesscant changes
sbout the freezing point, i.e., changes sbout 0°C, In Norrland
persistent freezing temperatures may be expecled with some

degree of certalnty and plans can be made accordingly.

Freezing temperatures reduce the capacity of the atinos-
phere for absorbing moisture, l.e., they increase the relative
humidity of the atmosphere. This means that the relative
humidity of the atmosphere is higher during ithe winter than
during the sumner despite the fact that the absolute moisturs
content of the atmosphere is lower. Hence, owing to the cold
weather during the winter it takes a building longer to dry out
(cf. Interior plastering, p.30). However, if the air temperature
increases the relative humidity of the atmosphere decreases and
the capacity of the atmosphere Loy agbsorbing moisture is thus
increased. The following example illustretes the importonce of
the air tenperature Cfor the relative humidity of the atmosphere,
At a tempercture of +20°C. and 100% saturetion 1 kgm, of 2ir con-
taing 14 gm. of water, At +55°C. and 100% saturation the same
amount of air can absorb 214 gri, of water, This exarple shows
how inportant heat is in construction work because of +the great
deal of moisture produced.

In certein respects the persistent Lreezing temper-—
atures and the more severe frost in Norrland seem to be more or
less compensated for by the fact that the atmosphere is drier
here than in central and southern Sweden, especially at the west
coast.e In other words, there is no combination of low tenper-
atures and high humidities of the atmosphere, Therefore, the
climate of Norrland is often more favourable for the storage of

certain types of building materials, e.g. bricks and lunber.
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Snow. Although the problems of snow removal are rmch
grezcter in Horrland than in central and southern Sweden, the
real winter in Norrland with the snow cover remaining on the
ground for a certain length of time has its advantages for the
building activity. Thaw and slush are not encountered to the
same extent here, Therelfore, 1t may be expected that the snow
becomes packed and forms a better and more permanent roadway.

Darkness. The hours of darkness during the winter in
different parts of Sweden can be seen in the diagrams shovn in
Tig. 6. As the criterion of diffused "daylicht", a light in-
tensity of 500 lux has been chosen, It is assumed that this is
the minimum amount of light recuired for carrying on constiruction
work.

How nmuch a person can see at a building site without
artificial light does not depend on the diffused daylight alone.
The reflecting power of the ground is an important factor and
mmust also be taken into account. The reflecting power, of course,
is increased to a great extent by the snow. Therefore, from
this point of view snowfalls zare advantageous.

It is also important whether the sky 1s overcast or
whether it is hazy or clear., TFig., 6 gives the hours of sunshine
per month during the years 195152, i.e., the same period as in
the diagram for temperature and precipitation (Fig. 3).

Length of Winter

The need for winter measures for different types of
construction work varies with the climatic conditions of differ-
ent parts of Sweden. If these measures depended only on tenmper-
atures and snowfalls, the actual beginning of winter would still
be dubious in many instances. In the introduction of this paper
the winter was defined as the time during which special measures
must be taken at a building site., It is clear that winter thus



defined does not start simmltaneously for all types of constiruce
tion work.

For example, concreting cannot be carried out with-
out special measures at temperatures below +50°C. As Fig. 3
shows, an average temperature of more than +5°C, cannot be ex—
pected in the Stockholm district between MNovember lst and April
15th*, This mezns that what may be called in this conncction
rinter" as far as concreting is concerned corresponds to the
period between November lst and April 15th in centrel Swedens.

Regarding interior plastering the winter period is
roughly the same as in the case of concreting,

The heating of the shacks comes under maintenance of
building site. In this case winter begins earlier, In general,
the heating of the shacks begins around October 1st and does not
cease beforec some time around the end of April, Therefore,
winter as far as the maintenance of the building site is con-
cerned may be considered a specified period (October 1lst to
April 30th)=%,

FOUIDATION WORK

Everyone in the building trade knows that it is most
advantageous to begin building sufficientiy early %o complete
the foundation worlk before the frost sets in., If for one reason
or another this should be impossible, much can be gained by
covering the part of the ground to be excavated, thus protecting
it against frost. The material for covering the excavation
costs very little compared with what it would cost to excavate
frozen soil.

* One day mild and a few degrecs of frost the next is not unusual
for Stockholm,

#**In order to avoid unpleasant and sometimes costly surprises the
changes in the weather must be taken into account.
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For lorge and medium~size buildings the excavation
for the basement is generally made by an excav:ator. A strong
excavator works right through a frozen crust 25 or 30 em, thick,
This means that the ground should be protected by a cover if
the digging of the excavation is »lanned at a time when the
frost has pvenetrated to a great denth, but that a cover is not
required for mild frost or for short delays in the excavation

viorks

The foundation should bc becl: £illed up to the ground
walls as soon as possible, IFreguently the materisl required
for back filling the foundation is left lying at the building
site and freezes. This means it rmust be left that way and may
thus interfere with the progress practically the entire time a
building is under construction, Iow much trouble this may cause
nced not be emphasized., Therefore, the material for back filling
the foundation must be removed at all cost hefore it freezes.
I the material freeges and is then removed, it may cost ten
times as much,

Protective Cover for the Ground

—

A layer of straw, or similar insulating material,
approximately 30 cm, thick, is usced to cover the ground if frost
is expecteds, The straw may be bundled; Dbundles of sitraw may
also be used for the protection of concrcte, Ilimperience in

Demnark shows that straw can keep the ground free from Fros

ER
[

dovn to temperatures of approximately -10°C,

Excavations in Frozen Soil

Frost interferes above all with excavations dug by
hand, such as trenches, excavations for foundations, trenches
for footings, etc.

It is often extremely diffTicult to protect the ground
for trench work with a cover, It may even be advantageous if
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vertical surfaces freeze slightly, This decreases the danger
of collapse and the work can be carried out more easily in
trenches, Trenches for footings can be adequately protected by
covering them during the aight with straw, tarpaulins, etcs

S0il excavated by hand and used for rcfilling, is not
covercd, as a rule, and usually freezes. The following methods

may be applied to such Trozen soil

20

(a) The frozen crust is broken up with the aid
of wedges., In case of moderate frost a pick
axe or an iron bar may be used,

(b) The frozen crust is broken up with a pneu-
matic spade, a very cifective device for
frozen soil, However, only in the case of
a large building would the purchase or

rent of a compressor be Jjustilfied,

(¢) The frozen crust is blasted; however, ror
the sake of saflety this can only be recommen-
ded when the building is at sufficient dis~
tance from other buildings, or else only
small quantities of explosives should be used.

(d) The frozen crust is defrosted., In Denmark
tests were made in this respect with a hot-
water stream under a layer ol straw, chemical
agents, etc., But none of these methods are
recally recomnended by Danish constructors.

It is unliikely that these methods have ever
been tried in Sweden,

Protection of Temporary Vlater Systems

Teimorary water system nmust be prevented from freezing
so that no valuable time is wasted with thawving, Thercrfore, it
is of the utmost importance that all water conduits are emptied
when the workmen leave the building site in the afternoon®,

*It may cause a great deal of inconvenience in a building under
construction if the temporary water systems are allowed to
freeze, Burst pipes arce expensive to repair and many valuable
working hours are logst if conduits must be defrosted.
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FPrequently the water system 1is protected by installing
the conduits in double wooden casings filled with fresh horse
manure and insulated with glass wool., The pipe lines zlso are
insulated.

Another method may also be used to nrotect the tempor-
ary water system against frost, i.e., by conducting an electric
current of low voltage through the pipe itself or through an
mninsulated cable within the pipe. The same current as drawm
by a YO-viatt lamp is effective.

CONCRIVING AIID CELENT WORK

The rate of chemical reaction decreases as the temper-—
ature decrcases, This also applies to the reaction of cement and
water, as shown in detsil in Pige 1ll.

If the temperature of concrete drons below the freezing
point during pouring so that water contained in the concrete
freezes, the concrete cannot set. At external terperatures be-
treen +0°C., and +5°C. concrete sets very slowly. Iven at +5°C.
the time required for setting is approximately four times that
at +20°C, In other words, when the external temperature drops
below +5°C, the temnmerature passes the boundary below which
special measures must be taken for technical reasons il coneretec
is poured outdoors .

ATter taking various protective measures concrete can
be pourzsd at temperatures right dowvm to =15°C, However, ovninions
as to what is the lowest possible external temperaturce for
pouring concrete differ. In Norrland it is unlikely that a con-
tractor will pour concrete at a tewperature of =2C°C., DJven in

*An external temperaturce of +5°C. is the “"winter boundary® for
- concreting. As far as concreting is concerned, winter in
central Sweden lasts from HNovember lst to April 15th.



the rcecomrnendations for concretin% during the winter, issuad
by the Swvedish Cement Assoclation lO)’ and in the instructions
concerning a concreting technique, publishog by the Zwedish
Research Institute for Cement and Concrete v , the lower 1limit
for pouring concrete is set at an air temperature of -20°C.
However, it is a known fact that contractors in Stocikholmn
normally do not pour concrete at these low temperatures*,

The diagram in Fig. 11 shows how the air tembserature
affects the hardening of concrete; the hardening of concrets
of a given composition at +20°C. is compared with the hardening
of concrete of the same composition at Zower temperatures. At
+20°C, the concrete attains a strength which permits loading
with 200 = 250 kgm./sg.cme 23 days after pouring. This strength
is referred to below as "23=day strength'" and denotes a standard
incerease in strength for ordinary concrete,

For example, at +5°C., the strength after 28 dnys is
only from 60 to 70% of the 28-dsy strenzth at +20°C., This is
the same strength which concrete attains at +20°C, after only
7 days. This sirength, i.e., 60 to 70% of 28~day strensgth, is
considered the lowest strength which concrete may have before
forms can be removed, e,g. for framing joistS(G). Hence at an
external temperature of +5°C, it takes 28 days before the forms
can be removed from concrete unless the temperature ol the

conecrete is increased by various mesns,

*In order to increase the temperature of the material for
pouring, it is more cffective to heat the watcr rather than
the other ingredients of the concrete, particularly csince the
specific heat of water is 1.0 while that of cement and large
aggresate i only 0.2. Furtherriore, the temperature of vater
can be controlled more easily. A tcuperaturce of +60°C. is
just right and a temperature exceceding +70°C. too aigh, At
rmoderately low external teiperatures heating the water alone
is sufficient and the reguired tempersture oif the matericl
Tor pouring is obtained neverthelescs,
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Reauirciment 3:

(a) Hardness test

(b) Terperaturce observsiions

1. The ooberial for pourdins is lkeont ol a suitsble

(2) Agsresate is usually vrotected by covering the
piles ol gand and coarse gravel with tarpsuling, since this
material readily Lreezes together and must then be separatesd by
wicln axe®, This slcovs dovn the work wmecessarily,.

.

(b) As a rule, Tforms and reinforcercent are 2lso o=
tes ied by tarpauvlins, Sonwctiiics the area to be covered is so
large that the uce of tarpoulins is too time-censuling and thus

tneconcinic, Stcor is increosingly used for removing snow and

ice from the rcinforcement rods and Torms, particularly in the
cece of lurse buildings (efe De37).

a =

(c) Today sand and water are chiefly heated by steani
tcocribed in greater detail on pu.... ~i9.

The sond, not the gravel, is heated ac indicated be-
low, The ready-uiixed conecrete immedlately begins to generate
heat of its ovn. Too high a tenperature may restlt in ecorly
cveporation of the waoter, csusing initial set during trans.ort—
otion to the oite o nouring., Thercfore, the termeraturse of the
mnterial to be poured imust not excecd +20 Lo+3C°C,%% IL the
conrse gravel is not healed this has an equnlizing effect on the
terperature of the material in the mixed concrete., However, if

* Tarpaulins ooy be rented at relatively low cost, at least com-
vared with Uhut it would cost to work through the snow if a
“rotectivc cover is not used, It scldom pays to econoulze on

.A.

l;u 71,11 lllu.

#%#The upper empcruture limit of concrete must e watched, It
would be safest not te let it exceed +30°C,
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the coarse gravel is heated, not only is the equalizing effect
eliminated, but the subseguent shrinkage of the aggregate may
result in the loosening of individual stones in the concrete like
a hazel nut in the shell., The sand should not be heated too

much; this is inportant,

TPor heating the sand with steam, perforated iron pipes
and steam jets are used, which are stuck into the sand heap in
order to heat it directly. The stecam jet is connected to the
boiler plant of the concreting installation by hoses., O0f course,
only the amount of sand reguired for pouring should be covered
with tarpaulins in order to retain the heat,

Other more or less primitive heating devices are still
found in the sand piles in buildings of all descriptions. TFor
eXample, it may be mentioned th:zt a curved iron plate is placed
into the sand pile and heated in the same way as an old-faghioned
baking oven, OSpecial wood stoves of cast iron, so—-called sand
braziers, are frequently used. If the sand is heaxted in this
way 1t involves the risk of "burning the sandY,

Heating the water greatly affects the terperature of
the concretes Since the specific heat of water is high conpared
with that of the other materials making up the concrete, it is
clear that not only does the water reguire a great heat input
but at the same time it supplies most of the heat to the con-
crete nmixture, DMurthermore, the water must not be heated ex-—
cessively, since too high a water temperature may bring abouv
premature setting of the cement.

The Swedish Cement Association recomaends the following
maximum tenperatures for the heating of both sand and water:

+60°C, for the use of standard cement,
+35°C, for the use of quick~setting cement,
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As mentioned above, the temperature of the ready-mixed
concrete should not exceed +20°C.. to +30°C. Such high temper-
ctures may be applled to the various materials mentioned above,
becauce the material cools sufficiently on the way from the
storage plant to the mixer.

t has become evident that all sorts of boiler plonts
are ucsed Tor heating the materisl rmaking up the concrete. Sand
braziers arc disappearing fast, Two main types of beilecrs are
in use today: low-pregsurc boilers and high-pressure boilers.
In the past, low=-pressurc boilers were most conmonly used in
central Sweden, but today high~pressure boilers are more fre-—
guently used. In Horrland, with its more secvere climate, high-
prescure boilers arc exclusively used for large-sizc buildings
under construction,

llodern low=pressure boilers are guickly fired and can
be heated with waste wood, sawvdust, peat or other relatively
cheap fuel., According to commercial advertising the boilers are
left 2t full steam for 7 minutes,. the steam capacity being from
160 to 200 kgm./hr. These boilers have an entirely automatic
water feed and the fire box is surrounded by water, which prevents
overhecating of the sheet metal.

As a rule, the heat generated by low-pressure bollers
is not sulfficient to hecat both the gravel and the water as well
as simultaneously to thaw the ice and snow in the forms and re-
inforcements. Therefore, low=pressure boilers are Treguently
provided with a special water heater.

As a rulec such a water heatecr is designed in approxi-
mately the following waye. The water is conducted from the
terworary water system through a coiled pipe (usually of coprer),
which ends up in a tank. The tank may vary from an ordinary
brick=-encased sheet-metal water barrel, which is fired dirvectly,
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Fuick-cetting cement generates mmuch more heat than
standard cement during the setting time*, IHovwevcer, the raw
naterial for the concrete must be heated in the usual manner

during the pouring, but need not be covercd or heated subsequently.

If cuick=-setting cement is used, the upper temperature
1imit for the material for pouring is considersbly lower than
that in the case of standard cement. This must be taken into
account when the water and gravel zre heated. AT lecst 350 X
of quick-sctting cement per cu.nl. of concrete should be used in
the mixture. The poured concrete can be loaded withoul danger,
i.,e.,, the forms may be disassenbled after 3 or 4 days. During
the critical situation in the building industry guick-setlting
cement wvas a scarce item becauce of supply difficulties. TFTurther-
more, quick-setting cement costs from 50 to 70% more than standard
cemment., Therefore, as a rule, guick-setting cement is used only
for small Jjobs and rush work.

It is very important to avoid the use of o0ld cement
(and possibly cement containing humus impurities) during the
winter. Cement should not be stored for any length of time under
frcezing conditions and not more than is actually rcquired for
pouring should be made,

(p) Chemical addition agents

Chemical addition agents are used during the winter in
order to hasten the setting of the concrete., As a rule calcium
chloride (CaCl,), which reduces the freezing point of the con-
crete somewhat, is added. Howcver, the amount added is not large
enough that the usual protective measures may be dispensed with,

*32~-day '"quick~setting concrete'" = 7-day standard concrete; 7-day
"qulck=setting concrete!" = 28-day standard concrete,
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Concrete containing CaCl, freezes at approximately -5%C. and
ig more readily workable, This may be utilized for reducing
the vater content of the concrete. However, these two proper-
ties are only of sccondary importance. The fact that Call,
hastens the sctting of the concrete 1s of prime importance.

0f course, care should be taken that the concrete deces not

c
begin to set in the concrete mizxer or on the way to the job.

As a rule, 1% of the weight of the cement is a
sulitable amount for the addition agent., If the external
temperature is expected to drop below =-5°C, directly after the
pouring, the amount should be increaosed slightly, but nov o
move than 2% of the weight of the cemeant., TFurtherimore, the
concrete mast be covered ag rapidly as possible aficr the

DOUring.,

According to the TSwedish Cement Association, the
strenzth of the concrete ilnerecases in the following manner when
the amount of calcium chloride added is 2%. '""The strenzth of
a 2-day sacple increases approximately 50%, that of a 7=day
cnmple approzimately 25% and that of a 28-doy sample approxi-
mately 10% comnpared with a corresponding concrete with no
shemical agent added, Ilowever, the final strength will be
anwroxiiantely the some In both cases"(lo). The temperature of
a poured concrete with a chemical agent added should not cde-
crease below +10°C, during the first day and nol below +3°C,

curing the third daye.

(¢) Suitable water=cement ratio

The danger of the concrete freezing during the firsit
critical setlting period diminishes if the water-cement ratio
is kept as low as possible, This is usuwally taken into account
today ond everything possible is done to keep this ratio doim.
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Concrete vibrators are important in this connection, since they
nermit the use of a drier concrete¥,

(d) During the setting time the concrete is protected
by covering it with a heat-insulating material. The earlier
the Tresh concrete is insulated, thie better will be its quality.
FPuper bags placed directly on the concrete may help tc reduce
heat Losses (due to convection and radistion). In other re-

ccls paper bazs are useless ag insulating material. The 1in-
sulatlon imast be tizghtly packed. Gaps in the forus are often
cxcellent Tor protecting the concrete., For external insulation
the gaps may be covered with tarpaulins, The most effective
heat-insvl.ting materials are straw, straw mats, gloss wool

nets, cenent bags £illed with cutter shavings, etce

(e¢) Concrete rust be heated during setting time if

the external teamercture drops below -5°C., or if the concrete

-+

structure is varticularly thin., In such cases the heat is

1
spolizsd vnder concrete slabs, not only to prevent the concrete

itselsr Trom freezing but also to facilitate the loosening of

r

The temperature ol the conecrete should be checked
prefercbly with thermornieters inserted in the freshly poured

material®®®,  Small holes of varying depth may be left in the

#*  The vibrater »lays an ingportant role during the winter,
particularly when relatively thin wall structures are poured,
This permits the use of a drier concrete and decreases the
danger that the concrete freezes before it beconies Lrost-
resistant.

e

% Avoid overheating under freshly poured concrete slab.

Abrupt changes of tumycr ture or repeated cnangbo about 0°C,
iray be detrimental to the concrete, even if it is frost-
resistant,.

wls ot ale

#rkThermometers are essential during the winter. A maximun—
minimum thermometer is needed for measuring the cexternal

tenmeraoture nnd there should be special thermometers for the
concrete,
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concrete for this purpose (cf. Fig.25)e It would be ideal if
the temperature could be prevented from ever dropping below
+7°Ce during the setting time. This often requires three days
of heatinge After this time the cement generates sufficient
heat of its own to maintain the temperature.

If too much heat is applied under a freshly poured
concrete slab for 3 days and the concrete is then allowed to
set without protective measures at external temperatures below
0°C., the concrete seems to be detrimentally affected by the
abrupt change in teuperature, even if the concrete has become
frost=recsistant, TMurthermore, the water in the concrete
evaporates too rapidly if too much heat is applied. Therefore,
moderate heat should be applied either under or within the
frechly poured concrete,

On the whole, the same types of heating device are
used for concrete as for the drying of interior plaster (cf.
DPe 30-35) and are placed under the freshly poured concrete,
Holes in the brickwork are coverced with makeshift arrangements
such as cardboard, wood, ctce.

Coke braziers are the most common heating devices
(cfe FPige 30 and p.32).

Wood stoves are described in greater detail on p.33.

Boiler plants are occasionally used for heating cone-
crete during the setting time by conveying the steam in ribbed
radiating pipes, which are mounted under the freshly poured
slobe However, this would require special connection pipes
thus making the installation a large undertaking. Therefore,
the expense for heating the concretc in this way is out of all
proportion as far as an ordinary dwelling is concerned, If the
slab has a very large surface, as in the case of schools,



nospitals or commercial buildings, the installation of suelr 2
plant may be justified.

A kerosene=heated hot~zir unit of the "Lun-torl"
tyoe (Pize 24) has been on the mariket for the past Tew years,

Hot-alr fans are sometimes used, but nostly for
drying the plaster (cf. Dp.30=35),

%« Time Lor reiovins the forms et be adapted 1o

the coli-weather conditions.

The time for removing the forms is detemmiined by the
strength which the concrete rmuust have in order to support it-
celf and possibly an additional load. This time is affected
by the number of cold days.

(a) Hardness tests are made in selected cases. The
sample 1s poured simultancously with the concrete construction
and exposed to the same changes of ternperature as the lstter,

(b) Temperature observations include the checking of
the temperature of both the air and the concrete., In view of
the fact that the forms are generally not removed before seven
days after the pouring, the days with an air temperature lowver
than 0°C. must not be counted, A diagram showing the increase
in strength of the concrete at various temperatures should be
availgble at the building site (ef, Fig., 11),

General Ruleg for Pouring Concrete During the Winter

At the moment of pouring, the temperature of the
ready-mixed concrete is maintained at a minimua of +5°C. in
the slab and ground walls and at +10°C, in thinner building
parts, such as walls,
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As soon as the freshly poured concrete bezins to
generate heat, its temperature should be maintained between
+15 and +20°C, during the three critical days, The concrete
thus attains the degree of setting required to become frost-—

resistant.

The water—-cement ratio of the concrete mmust be kept
as low as possible in order to decrease the danger of cracking
and freezing.

If the amount of cement is increased, the time re-
quired for setting is decreased and thus the dangerof freezing
is reduced,

If quick-setting cement is used, the material must
be heated and the freshly poured concrete covered, but the con-
crete need not be heated during the setting time.

The time which the form for the concrete must be
left in place depends on the number of cold days*. The reader
is referred to pages 26 and 27, where a summary is given of the
measures which should be taken at different air temperatures
within the first week after the pouring (according to
He. Rghfors(G)). Of course, it is assumed that the temperature
never drops below the lowest temperature of the intervals
given, These measures are intended to assure that the building
activity is interrupted as little as possible, This is a mini~-
man of all-round protective measures that may be recommended,

*A diagram showing the increases in sirength of the concrete
at different temperatures should always be avallable at the
building site.
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At temperatures

+5° to +0°C, When no CaCl, is added the water should be
heated.
When CaCl, is added no special measures are
required, but the forms should be removed
after approximately the same time as during
the sumner.

+0° to =5°C, The water should be heated and preferably
CaCl, added., If CaCl, is added, the con=-
crete may be poured without heating the
water,
The sand should be heated and frozen lurps
thawed, The freshly poured concrete should be
covered during the first night with tar-
paulins or cardboard on a framework, or at
least with cement bags.

~5° to =10°C, The water should be heated and preferably
CaCl, added. The sand should be heated and
frozen lumps thawed., The freshly poured
concrete should be insulated for three days
with straw, straw mats or similar insulating
materials. Gaps in the storey below should
be covered and the temperature in the room
under the concrete slab should be kept
above 0°C, for three days.

Lower than -10°C, It would be preferable to postpone the
pouring of the concrete, but if the concrete
must be poured the same measures as at
temperatures between =5° and =L0°C. should
be taken, The insulation should not be re-~
moved until the temperaturestays above =-10°C,
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The measures to be taken at alr temperatures below
0°C. are only for preventing the concrete from freezing,.

The water used in cement work during the winter must
be heated as for concrete, BSpecial measures for heating the
cement during the setting time are usually not required, since
the building is roofed when cement work is carried out. IFurther-—
more, by this time fthe other construction work has advanced to
a point where the drying and heating devices installed prevent
the temperature within the building from dropping sufficiently
to affect the cement work detrimentally, However, should it
become necegsary, measures to protect the cement against frost
must be taken as in the case of corncrete,

MASONRY

In order to build masonry during the winter it is
essential that the bricks be kept absolutely dry. Bricks nwust
be protected against precipitation irrespective of the season,
Furthermore, during the winter the mortar must be heated.
Taking these measures, outdoor building can be carried out at
temperatures down to =.0°C,

Jointing of fagade bricks during the winter requires
special care., However, if jointing is postponed to *the spring
the fagade should be protected, involving additional expense.
Jointing might Just as well be carried out simultaneously wiih
the laying of the bricks, provided, of course, that the bricks
are sufficiently dry to absorb the water in the mortar, If a
building is exposed to the weather, particularly to the wind,
or if a building is high, jointing becomes more hazardous,

If jointing is carried out in cold weather (and this is fre-
guently done) the fagade should be covered with tarpaulins, etc.

Heated mortar may be obtained at a small additional
cost, at least in larger communities. The mortar must be kept
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heated while the work is going on and this can be done in three
different ways: (a) by insulating the mortar bed, (h) by
heating the mortar, and (c¢) by mixing the mortar with hot water.

(a) The moriar bed may be insulated by putting fresh
horse manure around itv, Various types of insulating mats, such
as glass wool mats, straw mats, etc., may aisc be used, In
gddition to the insulation the bed is often covered over,
usually with tarpaulins or shutters. The bed should be kept
covered as much as possible, even while work is in progress.

(b) There are various ways of heating the moriar,
A strong light cr an electric element, placed under the protec-—
tive cover, may be used., Iven a heating coil from a toiler
plant may be placed under the bed (cf, TFig. 19).

(¢) Hot water s the most effective means of heating
the mortar whilec the latter is mixed. Water procuces five times
as much heat per unis weight as the other components of the
mortar. Hot water maiy be obtained either from the boiler plant
of the concreting installation or directly from a water heater,

The moritar must b2 kept soft by mechanical stiering
(cf. Fige 27). This s mere important during the winter then
during the other seasons,

The mortar ved should preferably be kept smpty after
working hours. Neediless %o say, a 1lov can be saved if the con-
sumption of mortar during the winter can be calculated direcily,
because the proteciion of mortar against frost during the night
increases the total costs unnecessarily.,

The mortar may be insulated during the nighs by
bullding the bed in a shed, The latter should be provided with
an opening so thav the mortar can hes dumnped directly from trucks
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over the bed, which usually can be locked and may possibly be
insulated externally. The bed may also be placed on a thick
bed of sand, which is heated by cteam coils from the boiler
plant.

Mortar tubs of wood are preferable during the winter,
Tin vessels are wnsuitable, since the water freezes more easily
in them,

The masonry in a building under construction must be
protected against precipitation in order to avoid damage due to
frost and to facilitate drying. Of course, when the work is
interrupted the masonry must be covered over-

Buildings which happen to be exposed to intense sun-
shine on one or two sides should be protected with tarpaulins
during the winter while the masonry is being constructed,
Otherwise the mortar might shrink more rapidly in the part ex-
posed to the gun than in the shaded part, resulting in crooked
walls,

The above applies not only to mortar but also to
clinker masonry, as well as conrete-block walls and tiled walls,
although the amount of mortar per cu.m.. of masonry in the last
two categories is smaller.

A fairly new technigue of constructing walls which
seens to be sultable for winter construction is applied in the
so-called parallel=-block masonry. This requires a special tool
which almost resembles an iron grate with a container for the
mortar. The mortar is distributed through the grate in the
Joints in parallel sirings so that air ducts remain open as
vertical sections throughout the entire wall. The Joint thus
has the same heat-insulating properties as a 1o ’orated block
and the mortar consuniption is negligible. Cement mortar is used
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for building with parallel blocks. In order to harden, the
cement mortar must absorb the water which it previously emitted
to the wall blccke Along with the negligible consumption of
mortasr, this should have a favourable effect on the drying.

INTERIOR PLASTER WORK

Interior plastering during the winter is made es-~
pecielly difficylt by the fact that the moisture nmust be
eliminated., To use a popular expression, there are two “sorts®
of moisture:r water contained in .the mortar and water which
forms in the process of carbonization.

Carbonization means that the Ca(OH), combines with
CO, contalned in the atmosphere and forms CaCOz and H;O0., In
order to show how much water forms during carbonization an
example is given, assuming that sand-lime mortar is used. This
is composed of 1 kgm, of lime + 9 kgm. of sand + 2.2 kgn. of
water = 12,2 kgm. mortar. The lime consists of 90% of Ca(0H), =
0.9 kame The carbonization has the following formula:

Reaction: Ca(OH), + CO, = CaCO; + H,O.
Molecualar weight: 74.1 + L4 - 100.1 + 18.

If it is assumed that the carbonization 1is complete
the amount of water produced is%%%i.x 0.9 kgme = 0.22 kgine
Complete carbonization requires a long time and it is reason-
able to assume that only one~tenth of the lime carbonizes during
the time a building is under construction. Hence in the above
example onlv 0,022 kgm, of water is given off, i.e., only 1%
of the water (2.2 kgm.) which the mortar was assumed to contain
initially and most of which must be removed before the building
1s occupied,

This shows that the carbonization is only of secondary
importance in the .drying of the plaster., Therefore, the supply
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of CO, is not important either and should have no bearing on

the selection of the drying systemn, The removal of the moisture
is of prime importance, Cold air absorbs a much smaller amount
of water than warm air (ef, p.7)%. The moisture-absorbing power
of the air may be increased by heating it; the ability to re-
nove moisture is increased by fregquent changes of air. There-
Tore, heat and changes of air are of prime importance in the
drying of plaster.

The measures which are taken during the winter while
interior plaster work is carried on are intended:

(1) to protect and heat the plaster itc¢lf and

(2) to provide, protection and heat during the
setting time of the plaster,

(1) Protection and heat foréthe plaster iteslf

In larger commmunities, heated finishing mortar, like
mortar for Jointing, is delivered to-the building site at a
sinnll additional cost., In order to protect the mortar bed and
to heat tlie mortar, the same methods are applied here as in the
case of mortar for jointing (cf.  p.28).

(2) rfrotecticn and hent durine the setting tine of

Defore the interior plagtering begins protection must
e provided (a) by casings, and (b) by installing devices Tor
drying the plaster before the setting process begins,

(a) Casings must be used to prevent the escape of
heat produced by the drying devices. The window openirgs and

*At temperatures between +40° and +60°C, air can absorb eight
times as much moisture as at room temperature. Thereflore, the
terperature should be kept high near newly plastered surfaces,
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door openings must be filled up agein*, Of course, it would be

simpler to inctall all the windows before the plastering begins,

Ilony builders are reluctant to do this because of the addition=-

al expense for repairing glass, and because it may be difficult

to clean the glass after the plaster work is finished. Scratch-
ing the window panes by the finishing mortar may easily be pre-

vented by protecting the glass with a plastic film.

Sacking on wooden frames 1s chiefly used for covering
windows, However, these frames cannot be interchanged frori one
pbuilding to anolher unless the windows are of the same size,
Therefore, blinds of sacking would be more sdvantageous., They
can be interchanged from one building to another at negligible
cost and are independent of the size of the window opening,.
Wood fibreboard, and even cardboard, are used occasionally,

(b) The plaster is dried either by the permanent
heating plant of a building or by different temporary heating
devices, such as coke braziers, wood stoves, forced hot-air
heaters and kerosene driers.

The permanent heating plant of a bullding should be
used as much as possible, provided it is already in oper=ation,.
Hovever, itls effect is not adequate for drying the plaster
wvithin a rcasonable time**, There are all sorts of special
drying devices on the market,

Coke bragiers are easy to move and reguire little
space, but good ventilation is essential in order to reduce the

# It would be expedient if the window frames with panes are in-
serted as soon as the shell has been completed, They should
be protected with plastic films, etc., against damage caused
by the finishing mortar.

*%*The areas beneath windows are plastered as soon as possible,
in order to install the radiators. The permanent heating
plant thus complements the other drying devices.
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formation of carbon moncizide. Because of the danger of carbon
monoxide poisoning, the coke braziers are usually not lighted
wntil the end of the day when the workmen leave the building.
During the night, two men on shift must attend to the coke
braziers, This, of course, means an increase in the overall
costs, Where coke braziers are enployed, work rust be interrup-
ted, thus maling it more difficult to organize the work properly.
A coke brazier near an encased window is showvn in Fig. 30,

Because of the difficulty of obtaining coke during
and immediately after the Second World War coke braziers were
used instead of wood stoves., However, these have disadvantages
since the combustion gases must be conducted from the bullding
thfough a flue, which may be stuck through the window openings,
etce As a salely measure the stoves are mounted on an iron
prlate, which rests on bricks. This type of stove is clumsy and
very bulky, and is not as effective as the coke brazier. Further-
more il is more expensive in operation and the plaster takes
longer to dry, thus increasing the costs.

Hot=alr fans are some sort of hot-air heaters provided
with blowers. The hot air emilted by them does not produce the
heat reguired for drying the plaster entirely. The fans are
usually mounted in the hall and heat the air flowing in, thus
keeping the hall free from frost. If a house is heated with the
aid of blowers, the pressure increases above atmospheric. with
the result that the moist air is forced out through vents,
through the sacking in the casings or through leaks in the
windovrs,

In the past hot-air blowers were usually fired with
wood., This type of hot-air blower requires a great deal of
avtention and thus increasses the costs, 0il-heated hot-air
blowers have come intc use in recent years. They require less
acttention and may be kept going during the night without special
cnre, On the whole, the oil unit operates like that in an
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ordinzry oil~heating prlant. In the combustion chamber the
atomized o0il is mixed with primary air from a blower, The air-
01l mixture is ignited while o0il pressure and air volume are
cdjusted for complete combustion, The flue gasec thus obtained
are mixed with the secondary alr, which is admitted throuzh
gpecial apertures in the Jacket, This air is preheated around
the combustion chamber, The hot air-zes mixture is then
forced thrcugh the outlet of the unit with the aid of the
blower and may be distributed through the building by a special
gyetem of pipes. Some of the smaller types of oil-heated hot-
alr blovers are on vheels for essy transport,

Hot-air blowers produce {lue pgages containing carbon
dioxide, However, the amounts of carbon monoxide emitted by
them are so small that they do not interfere with work in the
vicinity of the blower, provided, of course, that the labour-
ers can endure the grect heat produced by the blover, The
blowers do not throw off soot either, This is an advantage
when the sealer coat is drying, Installation and maintenance
of the hot-azir fans are relatively inexpensive, Dilfercnt tyves
of hot—air fans are shown in Figs. 32 and 3,

A novel device Tor drying a building is the automatic
0il=Tired drier with high-pressure nozzle, This drier differs
from the other hot-alir fans above all by the fact that the flue
cas 1s separated from the hot air, This means that the hot
alr moy be utiliged while the flue gases are diverted in order
to dry rooms which cannot be damaged by the carbon monoxide.

Kerosene-heated driecrs are increazsgingly being used in
the building trade for drying plaster, especially in small roons
and in rooms where it is difficult to handle other devices, The
heat produced by these driers is not as intense as that produced
by coke braziers, Therefore, they are usually used in conbin-
ation, Kerosene-heated driers are very suitable for drying



plaster a second time when an even, bul not too high, tenperature
is reguired (e, Fig. 24 showing the "Lun=torkY),

CAINTENANCE OF BUILDING S5ITH

By "maintcnance of building site™ is meant the mainten-
ance of the shacks Tor the labourers and manngenment of worlz, The
ineasures tolken during the winter in this resgpect chiefly refer to
the hesting of the shacks. The best results will be obtained, of
cource, if the shacks are well insulated., This is freqguently the
cace todey, The chacks may be heated by verious means, i.e., by
vood ctoves, electric heaters. kerosene stoves, hot-air heaters
and, in exceptional cases, by central heating from the boiller
plant, The shacks st be heated by 7.00 =z.imi. when the work be-
zins and should be kept warm during the day wvhen the labourers
tuee the shacke for thelr meals., If the building under consiruc—
tion is large, one labourer is usually fully occupied with keeping
all the shacks heated,

Wood stoves are still very contonly used Lor heatling

ghacks. ITot only do these stoves heat the shucks, but they are
alco used Tor heatinyg the meals., The decizn of such a stove ig
degeribed sbove.,  The stoves arc heated with waste wood; how-

es
cver, in individual cases o0il wnits are installed.

Mtprecent electric heating is beinz used increasinglyy
Tor the shnrcks.e The heaters usually have the form of coil
rodiators or panel radiators (filled with watcr or steam).
Radiators £illed with water are safest againct firc, but it ic
clenr thoat frca the point of view of econoryr, this tyre of
rodiater cannot he fully utilized. ©One mizht cven conceive on

- PO - D R v b LR - e P PRI AeE - o DR MO BPeL N R
clectrice rodiator vnlch 1c not P31led vwith w.f2r and whilelh io

et
1

L

so dccigznoed that the surface tommeratuare crnnolt excced oy

+60°C,, thues climinoating the danger of overlcaling Thene

\/.

elccyric wodilctors oy be corbined with electrically heoted

compnrtiients Lor wariiing the menls and are rolovively inexponoivae

i

in opneration., IMurther.orc, they ccarcely recuire atlendonce,

i
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Dleetric rudintors with z2ccuwlators are ne rcely
sultehle Tor haating shacks, They ~re designed in such a
aammer that they auvtomntically switeh on during off-pealt

periods when the electricity is cheaner. The heat produccd by

these radiators is not unifora and 1s Trequently given of’f at

the vwreng cilice,

0il heaters Tor heating shncks are alse morc commnonly

—+

used today. They requlire much less attention than wood stoven,
The Sualkoil ig such an 0il heater., According to the pamchles
it is completlely aulonatic and, apart Trom its installotion and
refilling with o0ill or gasoline, it reguires no atitention at 211
Juring operation, This heater is comnected to a sheet-iron
sire, which corries off the gasceg, The henter 1s o hot-air
circulator, indicating that the heat is not given of'f by rodi-
ation but that the hot air is circulated. The torperature of
the outer jacket is slightly higher than room temperaiture, ex-
cept at the upper pzrt where the hot air emerges, and no dig~
comfort is felt near the heater, Luncheg may be hented on top
of the heater (cf, FPig. 37).

Hot-nir heaters are now alsgo being used in shasizs,
The so~called KV heater is a hot-air heater run by clectricity
(cPy Tige 38)., The air is drown into a unit by a fon and
aeated by cirx battery cells and is exzhausted througly =ir drains
orovided with valves. The unit is sdjusted with a thernwostat
and the current consumption is relatvively low, IHowever, tlhe
initial outlay is relatively high but is corpensatced by low
operating costls.

Another hot-air heater is the VT heater, which is
orovided with an oil~fired unit., This heater seeme to be most
Ludtabls for large building sites (possibly for several shaclks,
vhiich may be heated centrally)e This heater consists of a

dotble jacket cylinder and the imner Jjacket is lined with bricika.
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The outer jacket is provided with holes for circulating the air.
‘he flue gases are conducted into the open ailr through special
nipes or through the chimmey (Fig. 39).

Bven central heating from the boiler plant is now

Alsed Tor large building projects. The heat is suppnlied by the
poilar wnlant of the concreting installation. IHot water for

waghing may be supplied in the same way. Coil radiators are
sultnble, For the sake of economy the use of central heating
is recormmended only for very large bullding projects. It would
he too expensive to lay pipes and carry out the necessary in-
stallations for gcrnall building projects. Of course, high-

pressure plants are essential,

SHOW RIZIOVAL, ©TC,

This is carried out by unskilled workers and includes
keening the building site clear at all times so that the trades
peopnle can work without interruption., It means not only reimoval
of snow and ice from the building site but also the steanings of
fors, reinforcements; "plums'", etc.

The cost of the equipment required for this purvose
is relatively low, but the wages are high., IHowever, work
stoppage caused by snowfalls may also prove costly, The morning
after a heavy snowfall is wasted from the production point of
view, and half a day or more may be necded for shovelling snow,

Fresh snow can be removed more easily than packed
snow and should also be removed where, by coincidence, no work
is done at that particular moment.

Steam 1s being used increasingly in construction worl:
today. OSteom is particularly advantageous in places which are
not readily accessible, such as reinforcements and forias for
wiaillse Bven the Torms for slabs and unprotected rmatcrio i for
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thae concrete, e.g. pluns, are hosed with steam in many cases in

ocrdoer to remove the snow,

Obviously steam can never take the place of snow re-
coval which is necessary after each snowfall., The hondling of
olzsil reguires a certain amount of care in connection with
Hriecklaying, since its moisture is too readily absorbed by

brick and light-weight concrete.

COIIPORARY LIGIHTING

Darkness is the third factor making winter construc-—-
tion difficult. Of course daylight is utilized as much asg
possible. Construction worl must be carried out in a given
order irrespective of the light. After sunrise and before sun-
set thiere is frequently adegunte daylight at the building site,
but ot other times artificinl light rmst be resorted to for:

(a) overall visibility, (b) outdoor work, and (c) indoor work,

(a) The overall illuaination at the buildim: site is
needed vhen material and bullding nmchinery, c.g. morvtar bed,
concrcte mixer end hoist, are stored in sheds., Lizht is also
necded outside such sheds. The lighting device is sirple and
rcavires comparcatively little attention. The nwiber of lights
is relatively sriall,

(b) The following types of outdoor work require
lightinz: foundation work, concreting and bricklayinz. A
number of special measures must be taken here and stron: light-
ing unite are reguired for foundation work and concrceting.
These units rmust be provided with rceflectors and st be wloced
high enoush above the building site to avold shadows and so as
not to hamper rnovement. PFor bricklayinzg additional lights are
reguired on the spot so that the bricklayers can rcad thelr
levels,



In Dennark tests were made with a Ystandard instsll-
ation for temsorary lighting, It is intended for the building
of houses having depths up to 12 m., where brickle-ing is
carried out preferably from scalffolds outside the building. The
instollation consisits of a standard battery which can easily be
moved from one building site to another. 4As can be seen in Fig.
L5, lamps are mounted at equal intervals all around the building.
The light fixtures are fastened to clamps in order to prevent
them from swaying in the wind znd to prevent shadows Tron inter-
fering with the work at the building site., The clamps in turn
are mounted on standards, which are raised as the shell is bpeing
erected, In Sweden, outside scaffolds are not used for ths
supporting brickwork. Thercefore the "standard installation™ in
this form is not suitable for Swedish conditions., Of course iw
is possible that the Danish idea, adopted to Swedish building
technigue, would provide a guiecter and more even lighting Tor
the building site than the sirong arc lampe which are rost
fregquently used in construction worx in Sweden and which have
a tendency to dazzle. Above 0ll, it is most important thot
shadows do not interfere witih the work,

(¢) Light for indoor work must be provided by laups
at the spot where work is carried out., This involves more
complicated arrangements than outdoor lightingz. A crude pover
line, i.e., a supply line.is joined to the shed housing the
electric plant of the building and is led to thz different
apartmentes through the telepnhone input openings, rubbish chute
or elevator shaft, On cach sitorey a nwiber of wall outlets are
connected to the supply line, Trom which the recuired nwiber ol

inspection lamps are drawn to the different working locationc.

The temporary lighting such as 1t ic at niany building
sites today leaves much to be desired. It affects the pace and
quality of the work as well as the wellTare and safety of the
workimen.
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PLANIING CI' WINTIR CCIIZTnUCTICIY

A

At any time of the year the diflecrent teslis ot a

brilding site are closely linked vith one another,

for one groupn of workers immedliatzly scois off a chais n
i a building wider consirucolon, L vwiniter such a suodpnle
may interrupt the entire workiig orocess, becauvge LF 17 coues

e
to the worst the winter wealther nay caitse additlonsl sioppoios,
which throw the entire planning into zonfusion.

Planning for winter construction is equivalent o
prevaration against the winter conditions®. DSince the "iprmrmal
buillding time of an apartment aouse s now gencrally & year, 2

certain amount of work must be corzried cut during the wintew,
'h

1=

other words, today most congtrucltiorn work includes winuer
congtruction as well., The time at which the Dbuilding in

vestion is started deterinines the extent of winter constiroiiorn.

;.Q

1e€e sy how mmuch of the diffecrernt typez of construction worl: Ls
carried out in winter.

Owing to winter wzather conditions various itypes of
construction work are subject to varying sdditvional cosis,
Hence the stage at which a building 1s at the time when winier
delays are expected determines the amount of additional cos

4

and also determines the way in which the planning is cerepicl
into effects If the cold weather soarts Just when the I
ation is about to be poured, the preparsitions and measurss roe
quired differ greatly from those allcr winter has set in when
plaster work is about to begin. The time at which the constiruce—-
tiecn gets under way thus is an importaniy factor in the planning
and in estimating the additional costs, The earlier the con-
tractor 1s inforined of this dote the greater will be hisg chuances

of mrocuring the reguired machinery and labour in time,

#IPor the sake of economy a greaot Ceal of time and care should
be devoted to the details of planming.
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The time~table should be worked out at an early date
in order to have sufficient time for preparing the different
winter measures., Sulficient room must be provided for parking
machinery depending on the extent of the construction work in
guestion. The fact that planning means being prepared for
winter conditions is equally important. Furthermore, prepar-—
ations nmust be thorough and adequate, The extent and type of
the entire building district is important in this respect,
Construction work can usually be kept going more easily (e.g.
by heating) c¢a a small house than on a large one, In a building
district where houses are scattered more attention nmust be paid
to the distribution of water and heat than where the houses are
close together,

Drawings and specifications must be prepared carefully
and studied in detail in order to avoid last-minute changes.
Work stoppage owing to changes may be very irksome during the
winter. Iarly preparation of carefully detailed drawings is
also inportant so that the contractor can order the material
(e.gs. from the lumber yards, etc.) as early as possible,

In calculatinz the material requirements great im-
portance should be attached to constiruction work carried out
during the winter so that the orders for the delivery of material
can be prepared in detail and delays thus be avoided, Materials
regquiring costly protection should not be stored before winter
begins. This method of ensuring delivery of material would be
too expensive., It would be more advantageous, if possible, to
make arrangements with the suppliers for continuous delivery of
small guantities of material to the building site in agreement
with the time-table.

Key objects which are essential to the planning of the
entire building must be given preference, as, for example,
certain types of foundation work. Likewise, the permanent
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heating plant occupies a key position in the planning. The
sooner it starts operating, the more can be saved on other

temporary heat sources*,

As soon as the pipes in the basements are laid the
basement floor should be finished without delay. Then certain
types of outdoor work could be carried out in the bacement.
The basement floor also provides a more convenient foundation
for the ram for settling the forms for basement Joists than
the rough soil does**, The window frames must be ready to be
put in place as soon as the shell of the building is finished,
IP'rom time to time it may be necessary to make minor changes in
the planning of certain tasks in order to keep construction
golng.

Work reserved for periods of poor weather includes
finishing walls, interior plastering, etc. 'hen the winter
veather becomes severe only indoor work is carried out and
rreparations for this must be made in advance.

Work in workshops and plants 1s not affected by the
weather. Thercfore, the increase in the manufscture of pre-—
Tabricated bulilding parts is an important step in the »right
Girection for smooth winter congtruction. For exanple, it is
easier to install prefabricated stairs than to pour concrete
steirs during the winter. Likewise, various fittings, wrought-
iron parts, interior woodwork, etcC., should be obtained ex-
ciusively frcecm the plantse This is being done increasingly
today.

# Pulting the permanent heating plant in operation at the
ecrliest possible moment is of prime importance,

#%#The hasement floor must be finished as early as possible,.
This facilitates carrying out work reserved for unfavourable
veather.
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For long=-range building activity it would be nlore
econoriical if an attempt were made to reduce the building time
and to use more prefabricated building parts. This would be
an important factor in the reduction of building costs., It is
reasonable to assue thot in the future prefabricated partis
will come into thelr own,

In meny respects foundation worlt is one ol these Xkey
tasks in construction worlt and should be given preference in
the planning. If the fixed time for starting worl prevents
the laving of the foundotion during the warmer pa

(

t of t©

3

1o
vear, excavation worl: ghould bezin hefore the soll Treczes,
Therefore, it is expedient to start digging the excavation MHe-

Tore bulldins activity comes to a standstills,

If possible, the water system should be in operation
before the frost sets in,

The road approach to the bullding must always be in
perfect shape belfore the frost sets in,

The permenent system of draing should also be ready
25 goon as poscible so that 1t is in operation while the building

is heliny erccted.,. A well-drained fToundation soill rcduces the
danger of frost,

Concreting reguircs the most careful nlanning for

the winter**, The amount of concreting to be done during the
winter should be knownso that a boiler plant can be installed

# IFoundations should be back £illed as soon as possible. The
soil for back filling is often left at the building site and
is apt to freeze, thus interfering with the progress of the
work,

#*Conecrete work is more sengitive to changes in termcerature thoen
other outdoor work,
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if necessary., I this is so, it will be necessary to decide
between a low~pressurc and a high-pressure boiler. The shape
of the building is also of some impertance. Difierent measures
arce sometimes required for a long, low narrow house than for a
high conpact one,

Heating reguirements should be based on the wrork
schedule so that a maximun working rate can be maintained right
from early morning. This means that temperature observations
rmist be made and that the weather reports should be studleds.

In voor weather bricklaying must often be reorganized,
As a rule it should not be too difficult to keep the briclklayers
occupiled with some other work. For exaimple, they may be em—
ployed with interior plastering in the basement or rooms that
have been completed and with Tinishing walls, etc. Of coursec,
it is most important that any such reorganization does not
interfere with other worlk.

Bricks and light-weight concrete should nol be damp
on Celivery to the building site and must be stored in such a
way that they cannot absorb moisturc,

The neasures regquired for interior plactering during
the winter increase the cost appreciably. Therelore, it is
important that interior plastering be planned with the greatest
gconoryy possible, This applics particularly to drying devices
and covers.

Starting the permanent heating plant as soon as
posscible has a decisive effect on the results of plastering,

*Whj not have a radio in one of the shacks so that the weather
eport can always be heard?
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If the windows have not been placed, the casings
should be constructed in such a way that they can be used from
one building to another, e.g. blinds of sacking.

The drying devices should be adequate for all the
plaster work involved., Of course the capacities of the indi-
vidual devices must be known*,

Proper maintenance of the building site during the
winter is essential, Therefore, the building mwust be left in
such a state at the end of the day that work can begin the
next morning without delays, even if the weather is unfavourcble.
In covering the building material the danger of snow and night
fros:t should be considered,

The size of the building determines the type of
hezting device to be used {for the shacks, Ior a large building
central heating from a boller plant would be most economical,
but electric heaters or kerosene heaters are often more sultable
for small buildings. Automatic heating in one form or anotihcr
is more econcinical in the long run than, for czample, the con~

ventional stove, despite the higher first cost*x,

Thermostatically-controlled heaters should be most
econoinical in operation. They can be set al a certain minimum
for the air temperature during the night. Thermostats may be
used Tor both electric heaters and oil heaters. Renoval of

# W¥inter for interior plastering" coilncides with "winter for
concreting', In order to maintain costs for interior plaster-
ing during the winter within reasonable limits, good planning
and the right kind of drying devices arc needed,

......

#%*llcchanizgation pays in the long run as far as heating install-
ations for winter construction are concerned.
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snow during the winter often rakes 1t necessary to have a gang
of workmen shovelling snow before the regular working hours so
that work can begin at 7.00 a.m.s Road anproaches and supply
roads should be shovelled in plenty of time before worl begins
in the morning*.

In order to be economical, temporary lighting should
consist of portable installations which can be moved from one
building to another without making too many changes or using
too much materisle This would considerably reduce the cost of
instellation.

Financial Preparations

As meantioned in the introduction there has been for
some time a trend towvards year-round building activity. During
the past decade great strides have been made towards achieving
this aim by distributing times for starting different types of
construction work over the whole yeare. Thus due attention has
been given to this legitimate social aim of providing work for
the entire building trade the year round,

However, it is nccessary thal those who are financially
responsible for a building should fully understand what is im-
“plied Trom the economics point of view by starting different
types of construction work at different times. It means that
the building costs must be checked in detail and systematic
accounting rmust be applied. Only by watching the building costs
closcly can the economic consequences of winter construction be
fully understood, Unforeseen factors, such as changes in the
weather conditions, may interfere with the organization and
measures taken at the building site; unexpected fluctuations in
the pricec level, etc., affect the estimates, or, at least, comp-
licate themn,

#M3now is mwost casily removed if this is done at once' is a
Danish slogan. It egually applics to Sweden,



HMISCELLANEQUS POINTS

Congtruction vork is carricd on the yeor round in
proctically all parts of Zweden, In conclusion, thercilorc,
it should perhans be pointed out that winter construction

(=]

£5ill involves a nwiber of wnsolved problems, Only o Lo of

£

them, csnecially those of immediatec interest, are mentioned

heres

l, To determine from an wiblased comparison of the
iitTerent types of boiler nlants for concreting installations
which would best satisfy the need of the building contractor,

2 A high-pressure boiler especially designed Tox
concreting is needed to replace the old tractors, which were
originally intended for forming and which sre no longer ianue
Tactured. Such a boiler should have a water tank of greater
cupaeity in order to reduce the variations in stecai-pressurs,
The boilcr would then not be so likely to boil dry, A sSteni=-
ressure of 3 to 5 kmm,/sqe.cie is fully adeqguate for building

oges, The tractor's steam vwressure of 10~ 12 kom, /oo il

connot be used effectively. In eddition to generating steaw,
the boiler should heat the water directly.

3¢ Praoctical experience with present m
pouring concrete during the winter should be
the same time readings ol the temperature ol
dilfTerent external temperaturcs znd the sitrengtly during hapc-
ness testr at different stoges should be recorded, The siudy
and analysis of ccncrete that did not set would he o zood mesns
of finding a better winter concrete than that gencerally in usce

today,.
Le It is gencrally thought that the use of coke
braziers under concrete slebs promotes the formations ol o

Tatty surfaoce on the concrete, with the result that the ceilin
plaster then adheres poorly and possibly fulls down. This

matter should be investigated in greater detoil.



5, The freezing point of mortor con be reduced by

cherical addition agents, such as chloride or other meial

chlorides, alcohol or a gpecinl antifrecese, bul at preeent very
’ A ’

little is kinowvm obout the danger of blooming outs Saltls eond
liguids containing chlorine cannot he used along wit

since they promote rust Lforuatlon.

These are a few examples of some of the more uvrgent
problems., Possibly there are a nwiber of other interesting
b 2
nroblems, whilch will be ziven due consideration as the dis-

cussion on construction continues,
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Seasonal unemployment in the "Unfrozen ground" in differ-
building trade has all but dis- ent parts in Sweden, The
apreared. Only ten years ago nunbers give the approximate
it was considerable and was values for the unfrozen ground
most marked for unskilled labour. below the surface, in metres,
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average monthly values for the heating
period calculated from the tenmperatures
at 7.00 a.m,

average monthly values for the years
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Fige 4
Although ithe abscolute moisture content of the air is low in
winter, its relative hunidity is higher than in sumnmer, This
means that its moisture—-absorbing capacity is lower. The

diagram shows the variations of the relative humidity of the
alr during a year in Stockholm (sccording to the handbook Bygg).
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Fige b

Hours of daylight (i.e., diffused daylight) in different parts
of oweden. A light intensity of 500 lux 1s assumed to be the
minimum amount of light required for carrying on construction
work without artificial light. The diagrams are based on dats
by G. Pleijel.
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Fig. 6.

Duration of sunshine in hours per month for the time from lst
October, 1951 to 1lst June, 1552 (dotted line). Average duration
of sunshine calculated Tor the years 1908-il, (solid line)., The
diagrarm refers to 3Stockholn.
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Fig. 7

The excavator works despite
the snow., A4 strong eXcavator
works through an ice crust 25
or 30 cm, thicke

FPige 8

It is much cheaper to cover
the ground with straw than
digging the‘excavati?g ?fter
the ground 1s frozen 1),

Pigs 9
The jeep with the compressor

unit is efficient and versa-
tile., Here a hole is being
drilled for blasting the ice,

Fige 10

The drying unit ABIXO was de=
signed for the purpose of
thawing frozen scil. The de-
vice is heated with charcoal
and according tc the directions
it dries with both hot air and
radisnt heat. It can even be
used for thawing and heating
the material making up the con=
crete as well as for drying
PUrpOSes,
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Figes 11

Increase in the strength of
concrete containing standard
cement and having the "normal¥
composition at different tem
peratures of hardening (i.e.s
external temperatures?e

Figé i2
If sand and gravel are left
unprotected, the view presented

by the concreting instellation
here is not exactly'inviting,

Fige, 13

If the sand is protected by ftarpsulins it is much easier to
carte The wheelbasrrow shown is of the old type. During the
winter the old=time wheelbarrows are freguently preferred to

modern carts because sand nmoistened
freeze to the botion.

by stean does not readily
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g of low=
n?OSby design).

The sand bruzier as a heating device has long been a cormon
Today in most cases steam jels are

The low-pressure bhoiler (Osby
design} is s heating device
which 1is easy to operate and is
movable, It is sultable for
small constructicns. As can be
seen, 1t has a sepurate water
heater, It generates bhetween
60 end 170 kg, of steam per
hour, depending on its size,
The Osby beiler can be supplied

for superhested steam up to
+180°C,
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Pig, 17

Low=~pressure boiler (VEﬁ design) with built-in filament
battery Tfor heating the water, -

Fig. 18

The water tank above the concrete mixer is provided with
a Tloat and operates more or less like an ordinary flush
tank, l.e., 1t fills automatically after supplying the
mixer with water, The wster is hezted with steam from s
high=-pressure steam generator with nine steam outlets,
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FPig. 19

A large steam generator heats the gravel, keeps the moulds

free from snow and ice and heats the water regulired for pouring
and the water for mortar and stuff as well as the water for
washing, It supplies central heating and heats the mortar bed,
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Pig. 20

The electrilically driven crosse—
cut saw makes 1t possible to
use waste wood from the
building eperation for firing
without high labour cost.

unbrotccted

Fig. 22

If the concrete is covered
within the first hslf hour
after pouring the concrete be-
cones frosi-resistant more
rapidly. After three hours 1t
may be too lates The ?ia§rams
are based on data fromiil],

C.l

i

Pilg. 21

Quick=setting cement imparts

the same strength to the con-
crete in one week as stan ar%
cement does in four weeksiil),

Fig. 23

Straw mats on freshly poured
concrete provide effective
insulation, although in ”we%en
they are guite expensivefll o
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Fige 24

The kerosene=heated Luntork is used for many purpcses in con-
struction, It serves for heating the freshly poured concrete,
drying the plaster and providing a pleasant temperature for
working. It is well sulted for small spaces. The heater can
be so adjusted that it supplies between 7,000 and 25,000 keal,
of heot per hour. During 12 hours of operation the effect is
gradually reduced from 25,000 keal./hr. to an average of
17,000 keal./hr. The average consumpiion of kerosene 1s given

as 2.2 1litres/hr. Beside the photograph the heater is shown
in cross=section.

Pig, 25 Fig. 26
With 2 sinple device small Bricks and light-weight con-
holes of varying depth can crete must be kept dry and well
be made 1o enable the temper- covered. ITf the bricks are dry
atures of the concrete tc be they will rapidly absorb the ex=-
checked while it ig setting. cess water in the niortar, thus

reducing the danger that this
water might freeze during brick-
laying. In stormy weather the
tarpaulins may be fastened with
clamps instead of being weighted
down with bricks,



Fige 27 Fig. 28

In winter it is particularly Built=1in mortar bed,
important to keep the mortar
goft. This is facilitated by
mechanical stirring,. A stirrer
(Limak design) is shown in the
figure, '

Fig. 2% Fige 30
Parallel-=block masonry. A It is claimed that no devige can
special tool distributes the compete with the coke brazier in

mortar in parallel sirings 1), efficiency. An argument in its
favour is its effect on the car-
bonization process, whose ime
rortance for the drying cannot
be exaggerated, ILarge amounts
of heut are needed for drying.
It is estimated that coke brasziers
produce hetween 7,000 and 15,000
kcal, of hest per hour; depending
on their size, Sacking on wooden
frames is an ordinary bul en-
tirely effective means of cover-
ing windows, ag shown in the

figure,



Fig. 31

Example showing how hot=gir
heaters may be mounted. They
circulate the air and thus
drive the moisture out of a
building.

= B0

Fig. 32

0il=fired "lonsun" {Bahco de=
sign). This type of hot-sair
heater is frequently seen on
congtructions, It produces a
mixture of air and gas of
approximately 2,200 cu.m,/hr,
at a temperature of +130 %o
+190°C, The oil consumption
is from 7 to 10 kgm./hr.

Fige 33
Building drier {BAB design),.
The drier 1s provided with a
centrifugal blower and pro=
duces a gas=air mixture of

2,500 m,%/rr, The tenmper—
ature of the exhaust is
approximately +100°C. Its
capacity is 49,000 kecal,/hr.
The drier may be fired with
boiler wood; waste wood, peat,
sweepings, etc. The type
shown in the figure 1s on
wheels.

Fige 324

Uma-torken is a small, readily
transportable and quite effec-
tive forced hot=air heater.
Its capacity is 75,000 to
150,000 keal,/hr,
duces a gas-air mixture of
2,000 cu.ms per hour, Its oil
consumption is 2= 10 kgm./hr.

The unit pro-
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Filg. 35 Fig. 36
The 0K unit is provided with The wood stove still is the
a high-pressure nozzle and heating device most fregquently
separates the flue gas from seen in workmen's shacks,
the hot air. The unit has a Note the arrangement for drying
capacity of 2,500 cu.m, and 1% clothes above the stove,
heats the air 1o a temperature Although the intericr of the
of 80 = 100°C., The temperature shack locks c¢heerful nobody
of the ocutgoing flue gases is could maintsin that the old-
180 = 200°C, In continuous fashioned wood stove increzses
operation the olil consumption the cormfort in the shaclk.

is 4 =8 litres/hr.

Fig, 37

The Quakoil is a kerosene=fired heater, which reguires little
attention. Its heat capacity 1is adjusisgble between 1,700 znd
17,000 kecal,/hr. The Quakoil Minor has a maximum heating cap=-

acity of 350 cu.ms The fuel consumption is 0.2~ 1.5 litres/hr,
Note the lunch boxes on top of the heater.,
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Fig. 38

The KV heater is heated by
battery cells with a total
effect of 18 kw., and produces
2,000 cu.m. of hot air per
hour {(+50°C.) at a temperature
of +10°C, of the intake air,

Fig. 4O

Steam should be wtilized ass-
much as possible, for example,
for the forms for walls which
are not readily accessibles
Steam saves time and labour.
However, steam should be used
sparingly in the vicinity of
masonry. Steam cannct bhe used
either when the snow cover has
thickness of rniore than a few
centimetres,

Fig. 39
The VT heater, A centrifugsl
blower or propeller fan circu~-
lates the air. At a flue-gas
temperature of +250°C, an aire
gas temperature of 100°C, is
obtained. The fuel consumption
ig 2=3 litres per hour,

Fig. L1

Tractors are cften used today
for transporting material from

large constructions, In the

Tigure the tractor is struggling
with the snow,
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Fige L2

Fige 43

Shovelling snow is unproductive work, which takes worlmen away
from more productive construction tasks.

Tig, Uiy

During the summer the elciric-
light installations need not be

as complex as that shown here,

This installation provides both
Darkness during

heat and light.

the winter makes large arc lamps

assential for outdoor work.

Pig. L5

The Yestandsrd installation®
is a Danish suggestion for
temporary outdoor lighting.
Reflective enamel screens,

40 cm. in dlsmeter, are moun=-
ted five meitres above the
work site and turned 45° ine-
wards, thus illuminating the
entire building site. The
maximom distance he w?en the
lamps is six metrest9/,
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Fig., L&
Equipment of the shed housing the electiric plants.

ing within the shed i1s not ineluded),
adeguate light for indoor work,

not stationary is no reason for trying to economize on light.
Lighting constitutes only a negligible amount of the additional

(The light-
It pays to arrange for
The fact that construction is

costs for winter nmeasures.

Fige 47
Example of poor lighting with shadow effects,



