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By NIELS MUNK PLU1VI

Introduetion.

of dev'elo.pmlent

much has been achieved the
from the levelof the and skin that
mav be clearer because the differences between now and then become less pro-
nOlinceel. 'ro a fair view of the it mnst be Iookecl at
T'he backwarel look but it may be Om
anel the often new in such an manm,r

Fig. 1.---Reinforced Concrete Bridge built in Copenhagen in 1894.

Documentation.

In 1905 only nve periodicals of importance concerned wholly Ol' partly with
one Ol' m~re of the many aspects of conel'ete were issued in Scandinavia, and
1955 the number nad grown to twenty-one. A bibliography of their contents
has just been issued by the Danish Institution of Civil Engineel's, and from this
it has been possibie to prepare Fl:g. 2.

The articles printed in these journals are divided into the nme

'(eu

Fig, 2, --Articles published in Scanc!inavia, 19001955.

m France in
tirst reinforcecl
Ostenfeld,

af periodicais increased about fom times from H)OO to 1954, the mlmber of artic1es
contained in them increased about sixteen times, this is an average annual growth
of S'7 per cent., which with the other developments
mentioned later. Apart from thc of the two world vvars and the

in the which are in all the curves, other char-
acteristic trends are visible which wil1 be comlnentecl upon hter.

Concrete Construetion.

Danish civil anel contractors fol1ovveel with interest the rapid
clevelo!pnlellt of reinforcecl concrete CHl the Continent since and Coignet

got their first for reinforced concrete, and in the
concrete In Denmark I), Professor A.
constrnctecl thl' contractors Sc1Jioller ThisConstrnctional*Reprinted from the Fiftieth Anni'/ersal"V Number of " Concrete

Engineering q, 1956"

that few will hesitate to juelge the last nfty years as a period of vast improvement.
To maintain a sounel balance I have therefore, as far as possible, trieel to judge
the period by a forward look from 1905. Born in 191I and graduating in civil
engineering in 1934, this has not been easy, but as aresult of studying a vast
number of old technical periodicais and papers I hope that I ean visualise the
early years of the century as objectively as an older man. because memory is
very imperfect and often deceives. In this connection one must thank the
technical periodicals, and among them" Concrete and Constructional Erlgine-ermg
for making this possible,
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tor a Jive loacl of soo kg. per square metre (100 lb. per square foot).
In the years immediately following, the use of reinforced concn~te spread

rapidly and new contracting finns specialising in concrete and reinforced concrete
were founcted. The most important of these was Christiani & which
was founded in H)04, and by ICJ07 had an annua1 turnover of about 1,000,000 kr.

The writer worked with this company from reJ3S to H)47 and
___.".;" .• 1.... 1•• mention one of the Mr. who was

contractor with the intuition that the
of new and unsolvecl His presence

from to labourers on
him that

C0I11I);1111(;S started
the world.

An klea of the total volume of concrete ccmstruction can he obtained frorn
curves in 3, in which shows the total nurnber of luan-hours worked

{'nlnl{)\.·I'I'·~ of members of the Contraetors' Association, (h) the cement produced
per year, and the accumulated cement consumption per year These curves
show declines due to the wars and hade , aud an average annual
of per cent. and per cent. Considering the increase in mechan·
isat ion during the period, the a reasonahle gnide to the increase in
structural and civil engineering. It is of interest to com pare these percentages
with the growth of S'7 per cent. in the number of technical papers and artic1es
published, as this illllstrates the importance of the technical periodicaIs and con­
traclicts the view that engineers are reluctant to pass on the resuIts of their
experience to others.

During the years attention was concentrated cln new methoels of design
anel construction. There were carly wage clispl1tes, and in 1907 a section of the
Contractors' Association was formed, comprising contractors who specialisecl in
concrete, to negotiatc with the Concrete Labollrers' Union: an agreement was
reachecl that ensured an average hourly wage of 40 to 45 Danish øre (5d. to
per honr. Ihis agrecment permitted piece-work, which had previously heen
considered to he inconsistent with good workmanship. '1'he piece·rate
has very useful to contractors in preparing estimates, and the so
ohtainec! are believecl to outweigh the c!ifiicl1lties of applying piece-work
rates to new materials and eqnipment. In Denmark to-day from 50 to 60 per
cent. of concrete work is paie! for in the metropolitan districts am1
30 to 40 per cent. elsewhere.
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Ltd., patentee! the
In 19IO a concrete

lVføehL :\ cross

Møehl, an engineer of Danalith
5, ane! these were usee! in 19°7.

forms, also dC'Vf'lm)pdUl\vas

As aIready mentioned, in the first bridge I) was Imil!. A. second
4) was built in Christian i & Nielsen, and this also is still in

serVlCe. In the same year this firm designed and constructed two quay walls
of the shown in 6: this which originated in Denmark, is now
used the worle! over.

In IC)OS Captain N. F.
tee-beams shovvn in

Some Early Structures in Denmark.



Fig. 8.--·Chimney buHt in Cape Town
in 1939.

Fig. 7.--Cross Section of Bottom of
Chimney. BuHt in 1910.

Flg. 6.-- Cross Scctlon of Quay \Van at
Assens, buHt in 1906.

Fig. 4. Road Bridge at Randers. Built in 1906.

section of the bottorn consists of three identical circn!ar drawn
torrn a clover·leaL top ot the cone-shaped chimney the three rings

come together to form a circu!ar cross section. Chinmeys ot this type, though
slightly moditied, are stiIl being coustrneted as is seen in 8, which shows
a lmilt Lhlnalith LUL, for the National Portland Cement
Ud., in Town in H)39.

Many bridges have been buiJt, of the bow-string type, and these
illustrate the progress in design and in the quality ot eonerete. Compare, tor
example, 9, a bridge with a span ol' 54 tt. built in Germany in H)IO by Danish
contractors, with the bridge with sp,ms ot tt. buiIt in Sweden by Danish eon­
tractors in 1934 shown in Fig. IO. Two bridges, with lengths ot II78 m. (3600 H.)
and 32II 111. (9600 H.) respectively, were built in the carly 1930'S across the
Lillehelt II, 12 and 13) and the Storstrøm (Fig. 14). The concrete tounda­
tions and approach spans of both these bridges presented new and interesting
problems which were skilfully solved the contraetors, Monberg & Thorsen and
Christiani & Nielsen. The steel superstructure ot the LiIlebelt bridge was built

Gruen & Bilfinger, Krupp, and Eilers, of Germany, and the steel superstructure
ot the Storstrøm bridge Dorrnan Long & Ud., ot England.

During the tlrst world war the e()]]struction of conerete vessels aroused con­
siderable interest but it was relativelv short lived. A ship of 1800
tons deadweight built for the Danisb merchant~avv behaved well at sea, was
easy and cheap to repair, and remained in service 'tor several years (Figs. 15
and

In 1929 concrete and reintoreed concrete were at last allowed tor the construc-
tion ot houses and and here, as elsewhere, a tremendolls development

Fig. 5.-Precast Floor Beams used in 1906. Fig. 9.-RaHway Bridge, Thuringen, Germany. Built in 1910.



Fig. B. -Bridge over the Lill'lbelt :
Cross Section of Pier.

H_J(J...U-U~,,-(_11IIl5 1....Jl. l1Ul) Ul .l1UU;:,\,:2:l, 1J51.1l\'\'l.:::.1t)lJl

prccast the full story hcight, haV('
\~V.lL'L.lC.l\....L.lVJl Ul LUC" H'C.ul~ \ H.l1C:L.lI.CJ

bloeks and slabs, whieh are now
dispiaccd clay brieks.

Just before the seeond world war nllleh inten'st was takl'n in cOllcrelt' mads,

_Fig. 12.--Bridge over the Lillebelt: Pier
at Mid-stream during Construetion.

Fig, 10.--Road Bridge at HauHnar, Sweden. BuHt in .1910.

stressecl and an iclea of thc cleveJOT)--
ment. with columns,
built in 1953 Messrs. Larsen & Nielsen. 18 is a block of Hats fifteen storics

built the same firm, who also built the with pre-
cast columns and beams shown in HJ. The structure is
!JoTnJallv of orril111:lrV concrete, whereas the Ivalls are of or

r'onc,'tF ol' Jb. per enbic fo()t. In the

Fig. 11. ---The Approach to the Bridge over the Lillehelt. Fig. 14.-~Storstrøm Bridge.



(rf recent works are
Lisbon built in 1950

1..----- ----'-7-o6 .,.j
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nmaIeJY rne couecnon Ol ImS mlOrmatlon was CIlscontmuecj m 1942 and l1as not
been but the writer beLieves that the

Precise information is not available of the amount of work done
IJanish contractors but it is that Danish firms have built abroad
about 7000 structures at a cost of ,lbout 5 billion kroner
the rate is about a year. Some
shown in 21 shows a

Danish Work Ahroad.

lUdU~ LU ue UUUL Cit;dJU d.t Lt'l LH t,: \Vd,l.

Fig. I5.-Cross Section at Midship of Concrete Ship. Fig. 16.-Details of Reinforced Concrete Ship.



appear ratl1er clumsy, icJlgmeers anc! contractors ot l1tty years ago were
extremely optimistic al)out the future of coucrete, aud their have
lJ1 some beeu fuHilled. Coucrete and reinforced coucrete have l)een put
to more uses than could possibly have been and if uo new and revolu-

materials appear this will continue.
is surprising how little attention was to the of concrclc

Because concrcte is Jl1ainly of natural stone and
to that of natural stone, it is not ditlicult understand

not doubtecL Tlle of thosc however,
"nnn';e",1 had known bow sOlne of their structures wcmld

that them to bclicve that eoncretc
understand In Ilas

appn)Ximilte idea of the total
structures. The area

Messrs. ('hristiani &built in 1953

Durability of Concrete.

23 is the Owen Falls dam m
NielsejL

From IgoC) to H)05 Danisb were confident of reinforced cuncrete
as the result uf tests Inade in other countries. The ad vucates uf
the new material the 11'111,,·,,-t·""'D of resistance to fire and to

well the cunstruction time and the decreasc in the cleacl load
compared with other permanent materiaIs. thc has

Fire rcsistancc and to With
in cCHlstruction time the

cuncrcte cast in nlay bc considcred
constructiun. AIsu tbc

Fig. 17.-Military Hospital, Copenhagen. The Columns were Precast. Fig. 18 ...· Fifteen-story Block of Flats at Copenhagen, buHt with Sliding Shutters.



Fig. 20.

19.--Factory with Precast Columns and Prestressed Beams.
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visible deterioration of normal concretc under average exposure is assumecl to be,
for example, 20, 30, 40, 50, and 60 years, the of damaged structures
at varions times ean be ca1culated as in Tabte 2. From the table it is obvious
that, if the durability of concrete for fifty years, failures would not
become a serions problem until after that period, and in 1955 only about per
cent. of the struetures built in 1905 would be more or less I'his corre­

eXlper'Ierree m
years is reasonable for structures built

lines of the table that the will be very serious indeecl as more
of these early strllctures reaeh the age of vcars.

Fig. 21. -Bridge at Lisbon.

TABLE 2,---I'ERCENTAGE OFDETEIUORATED STRUCTURES.

Perioc1 befare c1eterioration tal;:es pJace

Year. :20 30 40 5° Co

192 5 26 9 O O O

1930 36 12 O O

1935 I I 18 5 O O

1940 44 24- 12 I O

1945 46 28 12 3 O

1950 46 30 I 6 I

1955 46 3 1 [(j 8 2

1960 46 31 II +
1965 46 3 1 12

Fig. 22,-- Grain Silo at Teheran, Iran,
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They have since been revised five times, and the cnrrent standards DS4II were
issued in 1940. In on the suggestion of Mr. Søren Rasmussen, consulting
engineer, and the writer, more intensive work was and the Concrete
Section now issues the periodical "Beton & Jernbeton" and pamphlets and
l)ooks, anel arranges classes for site and others.

Some of the activities of the Concrete ::-'C:Ctl0I1, C",'CUIcUIY

howe:ver, Danish 1\; r,t;,,,,·,1 I ,,,,,,-,h,t,, af DUlJUUlF: I-(eseilrclr
was founded in H)47 and has an arulUal of 2,500,000 kr.

the Institute on research fron1 the fact that ch,uht1"

more than of the hundred or so issued so far the Institute
deal with concrete, of these
are in the
circ1es there seems to be an that
on concrete and reinforced concrcte. 'rhe
cement and concrete however, that this is apparently

thc attracted much attention, and ;1

shows that one-third of these papers deaH with the
:mother third with the and prodnction of concrcte, and thc other
third with lightwe~ight conerete, other specia] concretes, and precast concrete.
The avcrage annual increase in thI' nurnbcr of papcrs in this group frorn H)OO to
H)29 is as high as per cent. Apparently the depression of the ICJ30'S

affected the interest in these subjeets, and interest was not resumed until the
years immediately after the seconcl world war. The interest this time was again
surprisingly concentrated and short, and was followed a dec1ine during thc
last rive years, which is in great eontrast to the rapidly-increasing interest in all
other subjects. ]'he average annual inerease in the number of papers between
19°0 and 1955 was only 4 per cent.

T'he conc1usions that can be drawn from the curves in F1:g. 2 are limiteel,
and the ratio between the amount of research and the number of publications
in the different categories is not known, It mav, however, be conc1uded that
those who think that too much research is being done on concrete should base
their opinion on eonditions rive to ten years ago. The relatively decreasing
trend in the publication of articles on concrete in Scandinavia in recent years
is, however, noteworthy, and if the tendeney is continuecl an investigation stlOulcl
be made to see if additions are necessary to our present research.

During recent years we have, as have (Ahers, coucentrated particularly
an the durability of concrete, and Denmark is one of the few countries in Europe
where much deterioration can be derinitely traced to cement-alkali reactions.
A considerable sum has recently been app;opriated to a special research group
under the auspices of the Danish National Institute of Building Research and
the Danish Academy af Technieal Sciences jointly to study the question, anel
it is hopeel soon to eletermine the sites of these aggregates anel the extent of the
elanger. \Vork has also been starteel, in collaboration with the Technical Univer·

to elevelop methoels of neutralising reactive aggregates, and 'Ive are further
in close contact \vith the research that is on at the Builc1ing Research
Station in on this .-",e.ct;,-,,·

Research.

that have a short Ute ar to tl1e concrete. lV1ucl1 research
is now devoted to improving but our cannot be bLuned for

the because the relative values of the life of
and the cost of better concH~te con]d not be assessed without theo nr",rtl{'"

ence of recent vears as for in TaNe

to have
authorities to the

on cement with the creation IJanish
Tec1micallJrliv'erc;iiv in under of the Institution of I)arrish

which was founcled in 'The work in this increased
and in 1909 it came under the of the of Cornmerce. At

has annual kr.
is paid industry for routine among which cernent and

concrete playan important part.
More research was begun in H)04 when E. arter hvo

of new materials in other countries, was charged the Danish Technical tini-
with the ereation of a new for materiaIse

Suenson early concentrated most of his interest on concrete his brilliant
laboratory work anel the gifted presentation of his did more to forward
concrete than anyone else in Denmarlz. In Suenson was appointed Professor
at Ure University, and from Uren until when he elevoted his time to
research and the education of a whole of Danish civil
Suenson's work won high international reputation, and he has
producec1 books and papers in 1907, he his first textbook on
reinforced concrete,

Almost sinee its establishment m 1882 UreF. L. Smiclth Co. has undertaken
research on cement, but most of their were, in thc earlier
for commercial re~asons k:ept secretc Such secrecy appears to the 'IVriter to be
a short-sighted , and it is noted with satisfaction that in H134 tbe TechnicaI
Information Bureau of the Danish cement was createeL 'Ibis bureau
has for years elisseminated information and the results of research
on improving concrete giving free advice on to concrctc
and issuing a quarterly bulletin " Concrete

About the consumption of cement in Denmark was In
proeluction was 35,000 tons, in 1914 about 180,000 tons, anel in IC)55 about
800,000 tons. From FI'g. 3(c) it can be calculateel that the average annual
increase in the consumption of cement has been ab011t per cent. As the
average annual increase af the rate of building has been about per cent., and
the strength of concrete the period has increased from about 200 to 550
per square centimetre (2800 to 7/00 lb. per square, or about per cent.
per year, it is obvious that concrete has been used to extent,
no doubt at the cost of other materiaIs.

The Danish Institntion of Civil has initiated and c;nnn~()1'{'(: re,eirTe il



Read the literature" it wiII save repeating and enable
a mnch more accnrate aiming at the Luget. It IS quite fantastic to see the
amount of repetition of the same tests that has taken place because of an
ignorance of what has been alreacly done.

(2) '1'hinkbefore starting aelual exper'inlel1l ts, l"rom il
frequently calcu1ation of the pbysical and chemica! processes, to

reach the without tests, or to so near to the truth that tests are needed
merely to or to state arithmetically what is conceived the mind.

(3) II and when tests are necessary, simrI1ate the actual conditions of exposure
in practice as closely as possible, even if this entails considerable comphcations,
and record as many test conditions and test results as possible. '1'he number
of accelerated standard test procedures that are poorly correlated with actual
conditions in practice is overwhelming, and presents a problem of high importance
to national economy, Economic conditions must mainly be based on the degree
of safety under service conditions, but at present this degree of safety has httle
connedion with the results of accelerated tests. Further, a valuation of test
results will be frequently complicated lack of data which at the outset are
considerecl irrelevant, and some extra data will oIten, when kept on record, render
many later tests superfluous.

enough tor permanent structures, ann Ul11ess u can De maGe euner mucn
cheaper or much better it wm be in serious with ar more
durable materia1s.

In the literature af the last half-century it is to see how
many of our current were in to 1910, and to see that our
knovvlede'e has so httle improved cluring the period. It seems common no,w,ld:1YS,

111 to approach the problems af research making
extensive and HUle and statisticai

'fremenelous amounts af test data are
in but which cannot

be resuIts are aften reachecl at a cost
m~y reæareh
the least '1'hanks to the conerete which
a close af concrete and the mistakes that have been

the writer able to conclude of
concrete research, Befare entering on a new projeet, practice, or research, much
time anel rnoney will nearly be savecl if the folIowing suggestions are

and

takes

is 1101

can rnuch of the
partly obsolete material

and radical m
the next

new rnaterials.

In the clescribed in the it to
use to clescribe the inerease in size anel nurnbers of concrcte structures.
Quantitatively the clevclopment has been and I would
that the are in tenns of the use concrete and are not influenced

the inflation of money valnes, It whether
mnch m bas taken
It

Fig. 23.,,-Dam at Owen FaHs, Uganda.
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