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Introducticrn,
The there for thic lecture is very extensive and contains
matters for hours of lecture, I'l]l in the following in a

condensed form pive yeu a turrary over the Lanish concrete
industry of today, as I shall nass lightly over certain
Parts of it, which parts will b~ further discussed in other
lectures or at factory-visits, 4ans then congentrate on the
parts of the industry which I ryself have or have had close
relation to,

couent of the

congr: teeipdustry,

The first Danizh factory manufacturing Portlandecercnt Was
4% you no douht learned frcn anothop lecture, established

in Ringsted in 1867 and 17 year: later, in lEsé the fipit
Danish concrete=~factory was established in Fébors in Funen,
Thu‘first coencrete~goods produced verc conereireLpicks,
concrete~rocfing-tiles and various garcan-arts, ihe produc-
tion wac to a high defree hancicraft and it is only for the
latest decennia one car speal of proper industrial operaticn
in the case of concrete-goods,

I the year 1917 some of the concrete-manulacturers were
united in 3 branech-society = Nanish Concrcte-.ndustry, or aue
breviated DBI « and tnfs socirty gradually gatherec the najor
part of the manufacturers of the country, whicn mrans that

it today on a rourh estirate cover:c about 903 of <ne Danich
concrete=-production with a nusier of merbers of app. 260,
When I in this connexion LAy concrete-;00us, this concept
first of all covers coneru@-prodycts without irern-reinforen-
ment. Of recent years a £20C part of the DBRl-rembors alen
manufactures reintorced buliding-units of various tipeu,.




A3 an fiauTiration ot Lkl Jovelstrond o) the conorele-
yncus ey i, re. 1 Lhows the zercnt-cosruaaplion at the
menter-facteries Juring the vears 1957 - 1971, You'll

see that the incregue tirst reallv specds up from 1958
and is having 1 terpovary ¢linex in 1969 with a consump-
tiun of cerent of 398,000 ton ..

fime nce 2 shows the trade of concrete-products dispersed
in percuntage on the various maine-jrowps of poode. The
dispersc is made over the turnover, and it must be remem-
bered that the price of the finished product - figured
out ver ton cement consuined - varies very much from group
to group.

Later on in the lecture I'll retiurn to the group of none
reinforced conercte-products, but firat I'11 tell a little
about the reinforced concrete buildingeunits.

It is only ofter the end of the Second World War in 1945
that pre-fabriecated concrete buildin;-units were gaining
access on a srall scale in Denmark. The first proper cone
crdte element-factory was buil . for money len: from the
Arerican Marshall-programme. in this Factory units were
manufactured for a great housing-vroject executed as a
tower block building at Bellahgj in Copenhagen,

Since this first stor! there's developed a great and extene
sive uncustry for pre-fabricated concrete units for a lot
of various purposes. Tn the beginring the new industries
mostly produced units designed by architects and engineers
for particuler projects. B3ut with refcrence to the purpose
of achieving a more rational production which could nake
prices decrease the irndivicual narulecturer 500N WA wole
king for an introcduection of Wis cun stancardi-units and

4

his own puilding-tistens, of which you at youp factory-

-
[

visite will cee cone systens desipned 2opecially for house-

buzldin; .




Prestresned ocrene o wrive,

As the concrete-toc hne oty v deve lanine ar Ly heeame

possible Ly the corract propovticning and vibration-teclie

.

nNiGue to produce wonviw tu ol . Legsn wlitag i, the desire
for utilization of thie ;reiter streagth carne ups The pose
sibility came fror abroad - £, inst. thc USA and France - 1
in the form of the new technigue = prestresccd conarcte, ?
The steel used in ordinary reintorecd concre te has, becaune
of its rather great defornotion and rathes low strength,
not been able to utilise the greater strength obtained in
the conerete. By the intreduction of 4 special coldedrawn
steel with more than four tires as high breakins.strength
it was practicable to utilize the nigh=quality corcrete.

In ordinary reinforced concrote vou conpensate for the
rather inferior tensilc strength of the concrete by placing
steel-reinforcement in arcas wiere tensile strength ocours,
Hereby you obtain thot the stee) takeg sver the tension,

but you do not aveid eracks in the construction with ime
plying deformations. Cne might on the contrary say, that

it is a condition for the functicn of *he reinforcenent that
th& conerete oracks.,

In prestressed conerete you on the contrary by the aid of
the prestressing have coused Lompressive st1¢ss in the cone
erete. When a prestressed concrete-beam later on it loaded,
this compressive stress must be overcome tefcre the concrete
eracks. Normally this phase will rot occur until an overioad
of 20 -~ 30%. Even if guch overicad should cecur it won't
usually rean anything to the quality of the ccistruction as
the cracks wili cloge up canplately for the reason of the
pPrestressing when the overload ceasas gain,

Steel-strands of a breaking-ctrength of 180 kiloprems por
square-millimetre and concrete of o cure=ctren it of app.
630 kilorrams per squareecentictye ar¢ used oy produzingy

presiressed concrete, In the factery the [ trands are spanaed




in lonp prestiescing spanbeqs of a lenpih of 100 metrecs,
Therea: ter the concorte 20 i3t in the moulc round the
strands. A sirend 0. WhEe athgddt o2 100 metres is by the
prestressiiyg siretehies app. 75 ceatinmetres to obtain the
. prestressing wantaed. When the concrote after some curinge
time has attained sufficiont sirengtih, the strandc are
s)ackened but vet they are srevented from contraction by
the concrete and now the prestressing power is conveyed
as conpression in the concrete by adhesicn beatween cone
crete and steel. It is rather heavy energy which in that
way is graftcd in the concretes In a plain roof-beam
with a span of 20 metres is {, inst, a prestressing strength
of 150 tons. To zusiain such rreat cnerpy during the pre-
stressing of the reinforcenent .teel the “actory nust have
special-built, rowerfrl spanbeds. The priaciples of the
elaboration arc shown on fipe nue 3.
The pr st%*es:;,im*»systﬂa described has in the course of
time developed thus we today manufacture a great number of
prestressed concrete stundapd-procucts ail distinguished
by i wide span and a srall deflection with very siight
c8nerete dimensiening and a haredy low net waight, |
Beside roof-beams, Lezzs for ‘ol housee anc uridge-build-
ing are mainufacturad. Also slabs as doubleeT-tlabs and
hollow slubs are produced in dar,: quantities according to
the standari-gystems of the contractors,
Prefabricated building-systems are worked out with applica=
tion of the prestrested units for both one« and more-storeyed
buildings. ¥ig. no. 4 shows scme examples of the appliecation
of the prestressed constructions. 1 shall at last show you
some slides with examples.
When the prestressing-technique is applied the systems usu=
ally are vorked out with bearing coluwmns, bLeans and slabs,
As mentioned thera are other bulldlnpe-cyster. with unlts
made with nonelrestrecsoed relnforcement, 1 cuch “ozes walle

units are often used au bearing. These sycters will be
shown during your factory-visits, I trerefore won't )
further .+ that arca.




In the ‘oliovang I'i: toutlon various lher mmogusts made

of prefabrica o' c(ncrere o Bennask, A ratheyp creart oo
modity i5 ;':.,",‘.T‘-'- roade of b yae ae MU teinferc oo ot of pre-

stregsed concrcte, Aizo roles for street-]. it ar well
as for veariag of electric pover cablesg et the railvays

are ic some exteat made of pres.reszed concrote, Cpeaking
of railvay traftic we pus: act lorgei, that a iectory in
Denrapk has apscialized in manufacturing concrete slucners.

zﬁe,gagggggg 2f tac ﬂlﬂﬁ%ﬁtnﬁﬂdﬂﬂtfi@g.

Similar 1o the braach-saeiet" I nentionad bLelore - OBl -

the most inp-~rtant feclories for concrete=units have rormed
& bPranch-soaciety, rannd the Danish longrote Liement Cociee
Y+ These factories solely manufacture reinforeed soncrote
units, .
Both societies cover caahi in hei:r arou app. 20% of the
Danisn anual tuihover and on Fig, noe & tar deve lopnent
6f the onnuel tirnover in the WED during o last 10 years
is shoun in tour. The Giagrar shows o ppg snally inereasins
gkélépf*sf = exoept for che Attt two veaps vhape the Danizh
Eovernzent has carried oyt o ewtring-dewn peliny which has
hit the builcing-traash vape “oag E¥ie decline in deves
loprent was saen on t.e dlanram with {1 consnteconsunption
in DB,
Before we leave ti- unit-production we on fige no, 6 shall
%66 how the owtput 1. 197i hac WISDETLES (R various catepos
ries of units. Thure in't here distinguished Lotween prae
Blresged il nonenToLtrecaor consirdeicns, [ t's chown taat
Lore then ore thize cf the 1213l aneunt of cancrote ha. Leep
put out to hellow Silabsy which in retarn are Lrean per ton.
Besides the Ciaiov,. shows the ~reoat yoapiciiens r prive pep

WA and per Souarer cing foo b wariou, Btiagn of nlerents,




The total e revete ndunira,

—~eram

The renbers of the tuo zocicties in 1471 hiave = converted
into noney - troded that at fi-, 0. 7 snown anount, While
both sozietices cach clain to cover apps 20% oi the total
trade in their area, we can figure out the app, tctul trade
in Denmark in the ronecrate indus try., The last column shows
the figures in Uss,

Fige no 8 shows the nu-Ler of menbere in the two societlies,
the average price per ton finished goods in D, Cr. and the.
average trade per faztory. A revarkable difforence in
structure is apparont,

The concrete-unit facteries, which are rather young, have
immediately started as proper indusiry, and of the same
time the units produced have very high mauufacturingecosts
including the expensive reinforcerent, Wnoreas the majority
of the DBlenembers have old establishments started on a
pure handicraft stage, and where proper industrializing

has occured only of recent years,

Kogereinforced concrete Droduc ts,

I shall now pass on to telling you further about theép&aiﬂ
concretg-poods which are dimtinpuished in three main gooups
narely pipes and wells etc., flags and curbings cte. and
finally buiicing~blocks in various desipns, On fig. no, 2

we previously have gseen the app. dizgpersion in percentage

of the trade between these differ.ng proups,

8ince app. 1920 there have existod standard~specificationa
for concrete pipes in Denrark. These specifications have
included Lot ¢inensions and design, strength apd test-
methods ete. irom time to tine, Lowever, the work Wwith spe-
citications :ouldn't keep up with developrent when new and

&
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laboration beiween the Pl o 5dociuco . ars the Saufac-
wurers of the nachines on shleh the 2oy are DIOCuLed o

The majority of the vipen applicd v venrmarh today are ase
sembled by the aid of tiphternii=-rirss nade of rubbor,

which secure complete tightening co! the joints without the
former castiny with =, halt or conercte,

Pipe-diameters are ranging from 10 centimetres (length 80
centimetres) to the greatest pipes so fap produced with a
diamcter of 180 centivetres and a length of 100 centiretres.
Such pipes weighs app. 6 tons.

In connexion with the pipes are produced various accessories
as bendings and fork-pipes. Also road-wells and other wells
with inward diancters of 100 and 125 centimeties are produ-
ced in plain concrete.

In 1942 new, reviscd specifications for concrete were pube
lished and at the same tiae an inttitution, namen the Cone
erete Control Cemmittece was cstablished,

It wasn't new that the speifications firom 1947 included
qQu@glity claims to the concrete~goods, whereas it was come
pPletely new that the neweestablished Coneresie Control Comit~
tee took over to conutrol ihat the finished goods met the
elains. Before that the conmrete-pmarufacturers themselves
in various ways tried to conirol the goods, but this contrel
s0lely was based on & control worked out by the individual
manufacturer himself, and the various systems nevep gained
real cr-~dence among the customers.,

The Concrete Control Committee was established o a collabo-
rat.on between the suppliers and the cuslomers. in the CUin-
mittee both representatives from DRI and from the municipal
technical authoritices have secat. Thi- new contrel=-form paine
ed the ciredence from *the euctorers pretty fass « and not
less important - itcansed a rreatly bnproved quality of the
finiched goods,

Just now in 1977 the specifications for corard {u-nroduc ts




again are bedng veviacd, onl the Conorete Cortrol Cursittee
<8 rovidine its conTral oLty oo, toelng “hat they are
bacec on the nowelt of statistical quality-control,

The claims for sironelin aud watercightiess of the plpes are
of late years greatly increased. The pipzs are laid still
deeper intu the earth and rust therefore l.ave 4 grecater
strength than earlier, and the clain fop watertightness is
partly due to the desire of avoicing pollution of the
ground water and partly to secure that a planned-tight pipe-
line won't really act as a drainline for the ground watep
whigh would cause overload of the expensive purifying
plants which are tc secure, that our lakes, streams and
surrcunding waters are not polluted,

Plags, curbings etc.

The group flags, curbings etc, has in the rec:nt ten years
shown an essentially greater increcase than what wae presenst
for the pipe-group. This heavy increase must be imputed to
several factors:

Partly the increasing Pro perity cf the .ate years
has caused that private housc-owners have apent '
8till more money on fleg-covering in their gardens,
and partly the Danish architects toc a higherkéegr&t
than earlier at the plunning of new, great housee
building have worked for creating archi tecturally
and aesthetically attractive anvironrments for the
house-blocks. Add to this that the growing cav-
traffic has inereascd road-building and with that
the application of curbings and paverent-flags,

For covering pavements we in Denmark during a lot of years
have applicd a flag of the sisc 62.5 x 80 centinetres whe~
teas the garder-flapg rost used § op 6 yedrs ago was 50 x 50
centinetres, gradually supplementoed with g flag of 25 x %0
centimetres.



In the Lailding~cectior 1ty hoocvesr, 10 s*91. nLeove SO LN

te plun over ¢ medule 0F Uhorentimetres o cecerrondeu

by the vanish [‘irnistry of iousin, which has macde the

size 15 x 30 centimetvis o Nighly proelerred size. Laton

on therc has Leen worhed further on thit wysicm, and

sizes like 30 % 30, 20 x 50 and &% x 90 contircotres are

yet used to 3 great oxtenl - cften intercontiincd - which
give the possibility of making a lively anc varied fla,-
covering,

The flaps are mace with a donce and smooth surface fror. gome
manufacturers whereas others manufacture ther with 4 rore
open and coarse surface. In excess of the noraal, grey
flags beth black and whize flops are produc:d, ard in come
factories colourct flags tou. Lately alio tlags with a
surface of free-laid pelbier are gaininz access In Denrarks
By the aid of seone chericals the curing of the suter &
millimetres of the cement-ruste 18 retardeds Shen thic
paste tha day after the casting {e wasied avay, the pebbles
mixed into the conerete will appeare By mixine various
types of pebbles & lot 0f Ffin: surfaces can ‘e created.

foehlceks,. h

The third rmain group of the plain conercie«goods it builde
ing-blocks of which I'd cspeclally mention fcundation-Llocks.
They are meant Jor buildin: founcations and Liscmentewcils

in smalier houses. Thesc blucks are made with vertical

ducts, which cn thie sitc are cast with concrete, thus the
blocks are makin; colcrent concrete-walls.

éﬂ exemole of 4 ~onopetas fiﬂiﬁgg,

I won't hupe snuin! ore tiie descpibine the Long ranse of

various concrcte=produsis modi cd for the Lanish rirret,

We'll instead have 3 1ok at an eranpie of Lew a concrete-
factory mivht be con tructe?,




Fige ro. 9 shews the pooncipi:c In a modern factory. At
the left we have the sllo-slant {°r agpresates, ;ravel
and pebbles in various r»adea, These silo: are here placed
ULder-ground, but alse clovated--!1los placed in a tower-
buildin; are o L¢ seen.

From the silos the appregatus are conveyed in precise ape
portions to the concraiecenixer where they together with jus
a8 pretise appertions of cement wnd water are rixed to
Juat that Lomoreneour and correct composed concrete which
is necessary to jroduce conecrete-poods of high quality.
The batching anc mixinr processcs are nornally autonaticale
ly controllcd.,

From the mixer the concrete {s brought to the procuctione
machines by means of an clectirically driven overhead trae
velling bucket, On the {igure we'll see various sachires
placed uncer the gonvevore-nlant. sere it a pachine for
building-blocks, a lavge vibraticnetable for rings for
well® and great pipes, a smaller machine for flags and ane
other rachine for pipes. This factory is, as you'll se6,
equipped for producing many virious products, and this is
presumably the most ccuuion ii venuark even if there's a
few proper factories speclalizing in the production of
flags or tuilding~hlocks., ‘

The production<hall ought to have & width of at least 20
metres to sccure efficlent curing-place alongside of the
walls of the hall. A widih of the hall of 30 retres will
moatly be right, With halls co wide it is econumically
so3t defencible {0 pui one or two rows of colutns in the
centraleline cf the hall, These columns then can be used
for suapension o! the conveyoreplant and prospactive overs
head travellin: cranes.

The length of the preductionehall fsp't staced hegce, but
it is important vhat it won't be any loagor thah what ene
ables the cverhead travelling bucket to peach the produce
tion-spet {arthest out and to return in  time conve ing
the ~«xt mixture finished for *rursasertaticn. In the




the sinele preducticp-nmachiae I
go further inte but only say, that " ther are
on that, that the concrete by a cosbination of vibration
pressare is conpazted so hurd that it is postitle to rove
the product {mnediately {rom the mould and bhpi it to the
auring=nlace,
There are many firms - both in Densark and G0road - manu-
facturing concreteerachines in var.ous «laborations. It's
mostly pipe-machines which ere nanufectared in Dennark,
and I have broupght leaflets from twe firms which - besides
providing the Danisn market with machines + ape cxporting
machines to a leng range of other countrics. At your visit
in Brgnderslev you'll sce still anotler factory procueling
maqhines for at great many countries all over the world.

Concerning michines for *1.:, curbings and buildinp-llochs
Western Gevmany prasuc Hly S< oh e vour find the larpent
selection of advanced, autoratic machines of rreatl capacie
ty. I'1l later on Siow you Svae fOtos of such rachines.

f.the production.

You could ask, "Eow much coes a cohcrete- ~faetory cost"?
But I really an unalle to answer that question, It depends
on sc many things, f. inst, how far an assortiont of cone
erate=goods the factery nust Le able to manufacture, and
to be weore exact - which, Secides 14 o vital in selecting

rachincs how great you want your production to Lo per day

£y - - T *
anc whica cerree of avytomatioa the machinery ot

Instead wo eculd
disrerater, wares

L ourL e




per cent of the price,

Marketin- and distribaticn,

Since there in the manstasturing is applied Portland-
cenent of the rapid hurdening quality you can already
efter apps 18 hours of indoor curing transfer the are
ticlec to cutdeor-stocks After o certain hardening-
period depending on the time of the year the articles

are ready for distribution,

It is great quantities of concrete the factories ara
keeping in stock. Partly because most of the goods are
standard=-goods which the costumers cxpect they can fetch
without reservation and partly because most of the face
tories are procducing steady all the year around, though
the delivery is conducted rore secasonal, |
Even if concretc-products - both reinforced buildingeunits
and plain concrete-goods - traditionally hgld a strong
position on, the Danich market compared with other products
there must, however, still be made an energetic saless
work., Against the finished building-systens of concretee
units stand partly in-situ-cast concrcte-constructions
and partly constructions of b-+h steel and voode The
latter naterials first of all compete in the field of
one-s toreyed industry-lualls. Concrete-wallunits are today
up against a long range of light wallunits built in weod
and asbestos-cement, aluminium or plastic,

Concerning concrete-pipes they are meeting an increasing
competition from plasticepipes. This competition though
wanifests itself mostly in the fidd of pipes of the smale
ler dimensions.

The great, non-reinforced, concrete-pipes have, as the
claims to the strength of the pipes ircrcase, met a strong
competition from centrifugal-cast, rc%nforced concrete-
pipes which, because of their thin walls, can be produced
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Let me end this lecture by toylng that prefabricatec cone

crete«products - the gproat rewnforced uitit as well as
'

the amaller piain produets - hove found theiv position on
the Danish market to stay. 1t will, Yowever, Be pecessary
10 prove equael to ithe Jdavelopment and (o renew tae products
when new naterials arpear, like £, Inct, Lpoxy ured as
comenting naterial or artificlalefibres mixed in the cone
erpte 2. relnforceraat.

Ay rast I'il chow you some slides whileh con {Yiuztrote
gome of the thinge nentioped.
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