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Concrete heritage in the Netherlands.
Valuation and conservation
of concrete and reinforced concrete structures

Introduction

Architecturally speaking, the term Concrete Heritage
is not self-explanatory. It may concern the use of concrete
in buildings that qualify as architectural heritage, but it
may just as well apply to the historical or architectural
qualities of the material itself. In other words: are we re-
ferring to a material or building component that is part of
a larger scheme that represents heritage values, or does
it concern the heritage values of the material or building
component as such? This distinction is important when
dealing with the conservation or transformation of build-
ings that feature concrete.

Since the introduction of reinforced concrete as
a building material, the use of concrete in buildings that
are now regarded as architectural heritage has increasing-
ly been based upon conceptual design principles. From
the late-19™ century on there has been a tendency in ar-
chitecture towards a higher degree of truthfulness in the
use of materials and constructions. In the Netherlands, the
works of Pierre Cuypers (1827-1921) and Hendrik Petrus
Berlage (1856-1934) are powerful expressions of these
ideas, featuring exposed structural elements of iron, steel
and concrete without any cladding.

Inspired by the introduction of steel structural frame or
skeleton structures for utilitarian buildings in the USA in
the 1880s, the architectural avant-garde of the early 1920s
introduced structural frames in timber, steel and (mostly)
reinforced concrete to a wider variety of building types in
Europe.

* Faculty of Architecture and the Built Environment, Delft Univer-
sity of Technology, the Netherlands, WDJArchitects BNA BV, Rotterdam,
the Netherlands, e-mail: W.deJonge@tudelft.

Frame
and infill

At the onset of the era of the Modern Movement, a new
generation of architects took such ideas to another level
by their radical choice to differentiate between “load bear-
ing” and “dividing” constructions in buildings [1], [2].
The concept of “spiritual economy” [3] lead to the con-
struction principle of load bearing structural frames with
light infills for an envelope and interior partitions.

In his publication Hoogbouw, or High rise construc-
tion, the Dutch Modern Movement architect Jan Duiker
(1890-1935) argued in 1930: It is required, through clear
calculation of loads on to beams, on to supporting col-
umns, and on to the fully loaded foundation piles, to try
the most economical solution, which, at the same time,
will be the lightest. Cantilevered constructions will re-
duce the static moments considerably, and reduce the in-
tervals of supports [4, p. 33]. This way, the load bearing
structure is reduced to floor slabs with beams on minimal
bearings, which is convincingly demonstrated by the slen-
der concrete structural frame of Duiker’s “Zonnestraal”
sanatorium of 1928 (Fig. 1).

It is evident that the use of structural frames as such
was not new to building practice at the time, though most
of the buildings based on such principles concerned in-
dustrial or utilitarian structures. A major advantage of
eliminating the load bearing function from dividing con-
structions was that fagades could be designed without any
constructional constraints to allow daylight and fresh air
to enter where-ever necessary, introducing large expanses
of glazing and series of operable windows. “Heavy brick-
work” was rejected as a material for facades. Another
aim was to advance the industrialisation of the building
process through the “dry” assemblage of prefabricated
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Fig. 1. “Zonnestraal” sanatorium, main building (1928) after restoration in 2003. View through one of the driveways that were restored
(photo: © M. Kievits/S. Voeten, 2003, WDJArchitecten Archives)

I1. 1. Sanatorium ,,Zonnestraal”, budynek glowny (1928) po renowacji w 2003 r. Widok przez jeden z odrestaurowanych podjazdow
(fot. © M. Kievits/S. Voeten, 2003, WDJArchitecten Archives)

building components — an idea that was borrowed from
the automobile industry’.

Dividing constructions like fagades and interior par-
titions often concern steel or timber framed glazing, or
other non-structural light infills. Next to a range of panels
in glass, metal, natural fibres and composite materials, all
kinds of light concrete products emerged, such as pumice
or slag concrete block and cellular concrete (“acrocrete™)
made by using compressed air or other gasses [1, p. 50],
[51, [6, p. 116]. The experimental use of cementitious ma-
terials for light fagade panels? started to develop from the
early 1920s on’.

1" A strong tendency towards prefabrication of building components
emerged in order to cut down construction time and save costs, partic-
ularly for housing. The most important experiment in this field in the
Netherlands is no doubt Betondorp, or Concrete Village, built between
1923-1928 in Amsterdam, set up as a test site for various experimental
construction systems [5].

2 Some of the construction systems tested at Betondorp feature
light precast panels that were fixed against a structural frame. The 1931
Dresselhuys Pavilion at sanatorium “Zonnestraal” features (probably
prefabricated) spandrel panels made of clayed-wire-mesh with several
layers of cementitious plaster on both sides. The 50 mm thick panels are
about 1.50 m wide and between 1.00 m and 2.00 m tall [7, p. 42].

3 The systematic recording and analysis of innovative light concrete
materials and building components is a growing field of knowledge but

From columns-and-beams to mushroom floors

Similar to the ancient Greek masters who modelled
their natural stone structures according to traditional tim-
ber buildings, the design of early reinforced concrete con-
structions was borrowed from common building technol-
ogies in timber and cast iron. Also, the famed Hennebique
system* was based on the use of columns and a structural
grid of primary and secondary beams to support the floor
slabs. In contrast to timber and iron structures however,
Hennebique’s system involved a monolithic structure.
Next to the Monnier system, Hennebique’s was one of
the most widespread structural systems in reinforced
concrete, and it has often been used in the Netherlands.
The reinforced concrete frame of the former sanatorium
“Zonnestraal” for instance, has a similar structure of main
beams and lighter secondary beams (Fig. 2).

For this building, designed between by 1926—1928 by
Jan Duiker en Bernard Bijvoet (1889-1979), the structur-

the conservation and repair of light concrete as an infill component and/
or a finishing material is still insufficiently explored.

4 The French engineer Frangois Hennebique (1842—1921) was the
first to obtain a patent for reinforced concrete structures based on a mono-
lithic system of floor slabs, beam grids and columns (Brussels, 1892). In
1903, priority was given to the patent of Monier from 1878.
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Fig. 2. “Zonnestraal” sanatorium, main building (1928),
ground floor during the restoration works.
The render and plaster finishes have been blasted off revealing
the slenderness of the actual reinforced concrete structure.
The metal brackets involve a repair that dates to the time of construction
(photo: © WDJArchitecten, around 2002)

Il. 2. Sanatorium ,,Zonnestraal”, budynek gtowny (1928),
parter w trakcie prac konserwatorskich.
Usunigcie tynkow uwidocznito smuktosé
oryginalnej konstrukeji zelbetowe;.

Metalowe wzmocnienia ukazuja naprawe z czasow budowy
(fot. © WDJArchitecten, okoto 2002)

al consultant and concrete pioneer Jan Gerko Wiebenga
(1886-1974)° designed the load bearing frame. Thanks to
the orthogonal structure the calculations remained rela-
tively straightforward. The idea of designing each com-
ponent of a construction to respond to a particular set of
forces, rather than accepting the worst case as leading in
dimensioning the other beams, lead to a strong variation
in size and shape of beams and columns. Material was
economised on by tapering the beams at their bearings
and at cantilevers. Despite the complicated shuttering, re-
quiring a lot of hand work to have all the form work made
to measure, this was an economic solution at times of ex-
pensive materials and cheap labour. Today, the laborious
form works would not pay off due to high labour costs.
The obstruction of daylight by the floor beams was re-
garded as a disadvantage of this system, and contrasted with
the principles of the Modern Movement. For the daylight
factory for the Van Nelle company in Rotterdam, designed
between 1925-1931 by the architects Jan Brinkman (1902—
1949) and Leendert van der Vlugt (1894—-1936), Wiebenga
therefore proposed a reinforced concrete frame with smooth
floor slabs on octagonal mushroom columns — almost

5 Jan Gerko Wiebenga was a major concrete pioneer in the Neth-
erlands. Together with L.C. van der Vlugt he designed the Technical
Schools in Groningen with a reinforced concrete structural frame and
flexible floorplans as early as 1922—1923. After a few years in the USA,
he became involved in the design of both sanatorium “Zonnestraal” and
the Van Nelle factories in 1926 [8].

Fig. 3. The Van Nelle Factory in 1930.

The cantilever of the floors reduces the static moments which allows
for a more economic design of the reinforced concrete slabs.
Also, the curtain wall could run uninterruptedly over the full height
of the building (photo: © E. van Ojen 1930, “Historisch Archief
de Wed. J. van Nelle, Stadsarchief Rotterdam”)

1. 3. Fabryka Van Nelle w 1930 r.

Wspornikowe wysunigcie stropdw zmniejsza momenty statyczne,
co pozwala na bardziej ekonomiczne projektowanie ptyt zelbetowych.
Ponadto $ciana ostonowa mogta przebiega¢ nieprzerwanie
na catej wysokosci budynku (fot. © E. van Ojen 1930,
,.Historisch Archief de Wed. J. van Nelle, Stadsarchief Rotterdam”)

Fig. 4. The Van Nelle Factory interior shortly before completion in 1928.
The octagonal mushroom-head columns allowed for the use of floorslabs
without beams. The flush ceilings benefit daylight conditions.

The columns feature metal rails on four sides for the fixing
of production equipment (photo: J. Kamman,

Historisch Archief de Wed. J. van Nelle, Stadsarchief Rotterdam)

1. 4. Wnegtrze fabryki Van Nelle na krétko przed ukonczeniem w 1928 .
Osmioboczne filary grzybkowe pozwolily na zastosowanie
plyt stropowych bez belek. Rowna powierzchnia stropu.
To korzystnie wptywato na o§wietlenie wnetrz §wiattem dziennym.
Kolumny wyposazone sa z czterech stron w metalowe szyny
do mocowania urzadzen produkcyjnych (fot. J. Kamman,
Historisch Archief de Wed. J. van Nelle, Stadsarchief Rotterdam)

simultaneously with his structural design for the sanatori-
um buildings (Figs. 3, 4). Thanks to the absence of floor
beams, half a meter of construction height was saved from
each floor, thereby reducing the height of the building by
3.50 m. The reduction of the fagade surface, and also of the
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operational cost for vertical transportation of products and
workers were seen as major benefits®. Yet, Wiebenga was
not easy on himself as, at the time, the calculation of the
omnidirectional pattern of forces around the reinforced
concrete column heads was in no way common practice’.

As one of the most expert reinforced concrete engi-
neers of the era, Wiebenga was so up-to-date about new
developments in his field that he was often successful in
challenging the building inspectorate and ruling stand-
ards. He was annoyed by the limitations that were im-
posed by such regulations: One moves the buoys with the
tide [...] it is now more than time to break with the system
to establish simple rules, that may appear understandable
also to non-experts [...] New regulations must be edited
in such a way that only experts can understand them and
(they) should be limited to the definition of standards that
define the relationship between design, calculation, per-
missible stresses and material qualities [11, pp. 188, 189].

As a civil engineer, on the other hand, Wiebenga was
pragmatic and he repeatedly proposed heavier construc-
tions if he expected those to be more economic in terms
of construction time or cheaper materials®. Duiker on the
other hand, departed from the theoretical concept of “spi-
ritual economy”, in which the use of materials was to be
economized.

Calculation

The introduction of reinforced concrete for architectur-
al purposes in the Netherlands was around 1900. In 1912
the first Reinforced Concrete Codes were published after
a German example of 1903, followed by a new edition in
1918. Some of the assumptions about concrete technolo-
gy deviate significantly from those on which present day
regulations are based.

For instance, one was not aware of the effect of the
alkalinity of cement and its role in protecting the rein-
forcement against corrosion. The devastating effects of
curing-agents like calcium chlorides were unknown. The
relationship between water-cement ratio and compression
strength was known, but the connection with porosity was
not recognised. Today this is a main source of failure as
a result of carbonation due to high CO, levels caused by
air pollution.

6 Remarkably, Van der Vlugt used the mushroom floor system him-
self already in 1924 in a Rotterdam warehouse but for the Van Nelle facto-
ry the architects initially would not give up their proposal for a beam struc-
ture. The client eventually preferred Wiebenga’s proposal partly because
of these advantages for the company’s business operations [9, p. 61].

7 The mushroom floor system was patented by the American C. Tur-
ner in 1906. The first known European example is an experimental struc-
ture patented by R. Maillart in 1908, and his design for the Giesshiibel
department store in Ziirich of 1910. The initial complex pattern of rein-
forcement nets was simplified around 1910 by the introduction of a sin-
gle orthogonal reinforcement net, which eased calculations [9, p. 61]. At
the Van Nelle Factory, the orthogonal reinforcement around the column
heads was placed diagonally, as can be seen on photographs that were
made during construction [10, pp. 107, 113].

8 Such arguments are mentioned in footnote 17, as part of the dis-
cussion about the choice for a beam structure or flush floor slabs for the
Van Nelle factory [9, pp. 59-61].

The reinforced concrete constructions that were de-
signed with primary and secondary beams were calculated
as beams on two supports’. The reinforcements to mush-
room columns were placed orthogonally and, similarly to
beam structures, were calculated accordingly. Although
one acknowledged that monolithic concrete constructions
are statically indefinite and the theory of elasticity applied,
one was not yet fully aware of how to take full advantage
of this knowledge. As a result, for security reasons, lower
material stresses were accepted than would be used today.
This, of course, contrasts with the principle of the economic
use of materials that was embraced by the architects of the
Modern Movement — one may say that the slender struc-
tural frame of sanatorium “Zonnestraal” is a true miracle.

Progressive collapse was not taken into account, while
today we would rather take the collapse of the building as
a whole as a reference'. Finally, expansion joints were
not required, though sometimes still made!!.

Execution

When it comes to the execution of the works generally
we see that the lack of experience and sophistication of
equipment on site were not helpful to the quality of early
architectural concrete [10, particularly: pp. 90, 97-109].
In particular mixing concrete by hand did not result in
a homogeneous mortar so that the quality of such concrete
often shows great variety. This was often worsened by the
use of wheelbarrows for onsite transportation and the con-
sequent load by load pouring of the slurry (Fig. 5).

Due to the slender dimensions it appeared sometimes
difficult to fit the reinforcement into the form work,
leaving the steel often too close to the surface resulting
in a lack of cover of the reinforcement steel. It was not
unusual to mix the mortars with additional water to fill
the narrow form works. As a result, the concrete is of-
ten porous, with a great variety in compression strength
and showing gravel pockets. The plaster on the concrete
surfaces unintentionally provided some protection to the
reinforcement due to it is alkaline character. At the same
time it concealed the irregularities of the concrete surface.
It was only after the World War II that the use of exposed
reinforced concrete become more mainstream.

Inside or out

At the sanatorium, Duiker made use of the cantilever-
ing roofs as canopies in order to allow the curing patients
to sit outdoors but protected from the direct sunlight. The
steel fronts of the facades have therefore been set back,

9 As early as 1886 Hennebique argued that tensile forces in rein-
forced concrete should be absorbed entirely by the reinforcement steel,
and that the reinforcement should therefore not be evenly distributed
but mainly be placed where these forces occur, i.e., at the bottom (in the
middle of the beams) and at the top (where the beams are supported).

10 For example Vermaas [12] and Wattjes [13].

11" At the sanatorium, dilatations are completely absent, but at the
much longer structures of the Van Nelle factory, expansion joints have
been provided.
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Fig. 5. “Zonnestraal” sanatorium,
main building during
construction around 1927.

The concrete slurry was mixed
by hand which resulted in
inhomogeneity, which was
worsened by the onsite
transportation in small batches
by wheel barrows (right)
(photographer unknown,

from Duiker’s personal archive,
coll. Jelles and Alberts,

HNI Rotterdam)

Il. 5. Sanatorium ,,Zonnestraal”,
budynek gtowny w trakcie
budowy okoto 1927.

Zaprawa betonowa byta mieszana
rgcznie, co powodowalo jej
niejednorodnosé, ktora pogarszat
transport taczkami (po prawej)
(fotograf nieznany,

z osobistego archiwum Duikera,
kol. Jelles i Alberts, HNI Rotterdam)

between the concrete columns. This way, the concrete col-
umns were not only part of the load bearing structure, but
became just as well part of the separation between inside
and outside — a mix of functions that reminded the despised
brickwork fagades. Also the reinforced concrete beams
and floor slabs continued from the inside to the exterior.

When concrete components are not adapted to these
circumstances, for instance by thermal insulation, strong
thermal stresses may occur as well as problems related
to building physics, such as interstitial condensation that
may cause corrosion of reinforcement, or surface conden-
sation causing mould growth. At the same time we have
to realise that in case of a sanatorium where the windows
were always open — winter and summer — a high simi-
larity occurs between indoor and outdoor temperatures,
avoiding much of such problems in reality.

Why reinforced concrete?

Most sanatoriums in the Netherlands were constructed
with traditional materials or—in case of temporary structures
—in timber. A question therefore was why the architects and
Wiebenga decided to use reinforced concrete. There were
various advantages attached to the choice of reinforced
concrete. Despite the limitations in calculation methods,
the unprecedented plastic potentials of “the miracle mate-
rial” allowed for greater architectural freedom in form and
shape. An early examples is the Goetheanum in Dornach,
Switzerland, designed by Rudolf Steiner in 1925-1928.

Also hygiene benefited from this “jointless material”,
which was an issue in case of buildings for healthcare
or education, but just as well for the processing of food-
stuffs. At the manufacturing plant for tobacco, coffee and
tea of Van Nelle also the material’s high fire resistance
was essential to limit the fire insurance premium.

An apparent disadvantage of the material has always
been that the building is actually constructed twice: first

as a timber formwork, then poured concrete. The dura-
bility of the material is a positive property, although less
so for buildings that are not intended to last for a very
long time, like the sanatorium'?. A particularity that is fre-
quently escapes the attention is the initial unsuitability of
reinforced concrete to easily attach other building compo-
nents against it. To fix the steel window frames, hand rails
and light fixtures at the sanatorium, numerous blocks of
soft wood were embedded in the concrete, which are now
among the most vulnerable spots, retaining humidity and
posing serious threads to the durability of the concrete.

Instead, at the factory, where changes in production
lines were expected to be particularly frequent, all col-
umns feature metal rails at four sides, allowing the easy
fixing and later repositioning of machinery and conveyor
belts with track bolts (Fig. 4). To the same end, a grid of
metal dowels was embedded in the floor slabs at regular
intervals. With the introduction of the electric power tools
like drill hammers — around 1923 in the US and five years
later in Europe — this became much easier, but the Van
Nelle buildings were largely completed by then'3.

Cladding and dressing

Due to the lack of precision in the formwork — that was
relatively irrelevant as the material would be covered any-
way — irregularities are frequently found in the surfaces of
older concrete work. At the time, concrete surfaces often
showed gravel pockets, since the compacting of the mate-
rial was done by manual puddling rather than by the pres-
ent mechanical compacting with an immersion vibrator.

12 Sanatorium “Zonnestraal” had an intended life span of 30 to
50 years [7, pp. 20, 21].

13 The electric power drill was patented in 1914 in the USA by Black
& Decker, but it only came on the market around 1923. In Europe, the
first power drills were manufactured by Bosch in Germany in 1928 [14].
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Before World War II concrete for architectural purposes
was therefore mostly rendered and plastered, or clad. This
had to do with the aesthetical ideas of the period, that did
not allow the face of raw concrete to be exposed. Cladding
is mostly found in case of a purely structural use of rein-
forced concrete, with the concrete parts completely con-
cealed by masonry or stone. When conservation is in hand,
one may question to what extent the retention of a con-
crete surface texture is essential to the heritage value of
the object — apart from those rare cases where the concrete
itself represents a historic value, being exemplary for cer-
tain innovations in concrete technology for instance.

Fig. 6. The St. Jobsveem
warehouse (1914)

in the Rotterdam docklands after
conversion into a condominium
with 109 apartments in 2007.
Due to the ample loadbearing
capacity of the huge reinforced
concrete loading platforms

these could be transformed

into hanging gardens.

(photo: © WDJArchitecten, 2012)

11. 6. Magazyn St. Jobsveem (1914)
w dokach Rotterdamu

po przeksztatceniu w kondominium
ze 109 mieszkaniami w 2007.
Dzigki duzej no$nosci ogromnych
zelbetowych platform tadunkowych
mozna je bylo przeksztatci¢

w wiszace ogrody

(fot. © WDJArchitecten, 2012)

Fig. 7. Former St. Jobsveem
warehouse. The installment of

a model apartment included trial
repairs of the concrete decks
that were to serve as terraces.
The underside of the platform
above still shows the damage

to the plaster finish that was
originally dressed to mimic
natural stone

(photo: © WDIJArchitecten, 2007)

Il. 7. Dawny magazyn

St. Jobsveem. Realizacja
wzorcowego mieszkania
obejmowata probne naprawy
betonowych podestow, ktore
miaty pehi¢ funkcjg tarasow.
Spéd platformy powyzej nadal
ukazuje uszkodzenia tynku,
ktory pierwotnie imitowat
naturalny kamien

(fot. © WDJArchitecten, 2007)

The same may be true when concrete is covered with
other materials like render and plaster. In eclectic build-
ings we often find plastered surfaces that are dressed so
as to remind natural stone — which was rare and therefore
expensive in the Netherlands. A case in point may be the
Sint Jobsveem, a 1914 warechouse in the Rotterdam dock-
lands, which was converted into apartments in 2007'4
(Figs. 6, 7).

14 The project was carried out by WDJArchitecten in cooperation
with Mei architecten en stedebouwers.
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Fig. 8. Former St. Jobsveem warehouse.
The underside of the concrete platforms before restoration.

The plaster finish of the tapered bracket (bottom) combines a spatter
dashed field with a combed trim. The surface textures of the ceilings
show severe damage and colour variation. The reinforcement steel
of the secondary beam appeared severely corroded
(photo: © M. van Hunen, 2006, WDJArchitecten Archives)

Il. 8. Dawny magazyn St. Jobsveem.
Spod podestow betonowych przed renowacja.

Dwie faktury tynku wspornika (dolnego) — nakrapiany i czesany.
Powierzchnie sufitu wykazuja powazne uszkodzenia i réznice
kolorystyczne. Stal zbrojeniowa belki wydawata sig
powaznie skorodowana
(fot. © M. van Hunen, 2006, Archiwum WDJArchitecten)

Designed by J.J. Kanters (1869-1920), the building
is constructed with cast iron columns and steel primary
beams, while the secondary beams and floor slabs are
constructed in timber. The volume is enclosed by a brick-
work facade. Yet the end fagade, the cantilevering loading
platforms and the tapered beams that support the plat-
forms are constructed of reinforced concrete with a plas-
ter finish.

The plaster consists of natural, slightly buff-coloured
cement with a very fine grain aggregate of black and
white gravel, lending the surface a nice warm tone remind-
ing of sandstone. The surface has further been combed
and partially spatter dashed to mimic the charred and
bush-hammered surface of natural stone (Fig. 7). Due to
weathering, considerable differences in the articulation
of the surface textures and even more in the tones of the
plasterwork have resulted over time (Fig. 8).

The material qualities of these finishes were valued
as significant. However, the warehouse is regarded as
an example of a heritage building involving the use of
(concealed) concrete components that are part of a larg-
er scheme and do not represent a high degree of heritage
value themselves.

Restoration

The plaster finishes of the concrete work at Sint Jobs-
veem (Saint Job’s Warehouse) have been carefully repaired.
First, both brick work and concrete have been cleaned with
low-pressure steam. Detached parts of the plaster have been

Fig. 9. Former St. Jobsveem warehouse.
A similar area after concrete repair and partial restoration
of the dressed plaster finishes,
including the combed finish of the secondary beams
and around the smoothly finished ceiling.
The colour is touched up with a stain
(photo: © M. van Hunen, 2006,
WDJArchitecten Archives)
I1. 9. Dawny magazyn St. Jobsveem.

Spdd podestow betonowych po czgsciowe] renowacji
betonu i tynku z odtworzeniem oryginalnych faktur.
Kolor jest retuszowany farba
(fot. © M. van Hunen, 2006,

Archiwum WDJArchitecten)

removed and underlying concrete failure has been miti-
gated in the classic way. Deteriorated concrete has been
cut out, then depassivated with epoxy-based products,
and repaired with appropriate mortars, in this case Sika
Monotop 615. Parts where accelerated curing was expect-
ed were pre-treated with Sika Guard 552W Aquaprimer.

For the plaster finish special mortars have been com-
posed by Remmers Building Chemicals, toned with vari-
ous pigments into a palette for repair on the spot. Finding
the right colour for the mortar was a minor challenge as
compared to the choice of the proper aggregates and the
proportion between them, which required several series of
trials. On the basis of the results, a small palette of repair
mortars has been selected, in slightly different shades, al-
lowing the craftsmen on the scaffolding to select a tone
from spot to spot, depending on the adjacent material. The
1914 combs have been remade in order to give the re-
newed patches the same surface texture (Fig. 9).

Another discussion arose about the spatter-dashed
fields on the ceilings under the platforms. Because the
damage occurred in relatively large areas and we had to
economise, we initially proposed the application of shot-
crete. However, we could not get a guarantee on the bond-
ing of the shotcrete mortars to the original concrete sub-
strate. Also, even if the total surfaces that showed damage
were extensive, the actual spots that required repair were
limited and the application of shotcrete on relatively small
patches does not suit this type of technique, where the
mortar is gunned against the substrate. Finally, it appeared
to be hardly possible to mimic the original texture and
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we had to abandon shotcrete as an option. An alternative
idea to create a completely new and flush finish of these
sections did not meet great enthusiasm with the heritage
authorities, since large quantities of original fabric that
were still intact would have gone lost.

Eventually, we could convince the client that a more
restorative approach would be a better choice. The major
part of the plaster finishes has been retained and repaired
with the same type of repair mortars as elsewhere. The
differences in colour and brilliance between old and new
have been touched up with a stain, Keim Restaura Lazur,
that has been toned with a dash of pigment (Fig. 9).

Van Nelle Factory

The Van Nelle Factory as well as sanatorium “Zonnestraal”
have been completed twelve years later. Both can be regarded
as examples of heritage buildings where the use of concrete
— as a material and in its particular components — represents
an architecture-historical and heritage value in itself.

During the first phase of construction of the Van Nel-
le Factory, the exterior fagades have been finished with
a coarse plaster, a “Kratz Putz” based on natural white
cement. However, the substrate of the facades is pum-
ice-concrete block, and not reinforced concrete.

The actual concrete work in both buildings had been
plastered as well, creating a smooth surface that was then
whitewashed. This choice matched the ideas of the Mod-
ern Movement about smooth and jointless surfaces, and
clear lines. In the interior of the factories a problem arose
within a few years as the plaster at the ceilings started to
detach from the concrete substrate and particles fell into
the produce. Director Van der Leeuw ordered the plaster
to be completely removed from the ceilings. The trac-
es of chisels and hammers is still found throughout the
building.

Between 1999-2004 the building was converted into
a hub for the creative industry of Rotterdam. Replaster-
ing the concrete surfaces was prohibitive due to the cost.
For reasons of hygiene it would have been unacceptable
to merely clean the surfaces. We decided to finish the con-
crete surfaces with a matte paint in a chalk-white tone,
that does not leave a surface film. The dents of the ham-
mering still show as part of the building’s history.

“Zonnestraal” main building

The damage of the slender concrete frame of the san-
atorium’s main building was massive. Still, some parts
remained in a fair condition and we have considered to
use electro-chemical re-alkalisation in areas where con-
crete failure was still latent. This was the case for instance
beneath the overhanging floor slabs of the first floor that
once covered open drive ways that were later closed-off.
We had to drop the idea when the reinforcement bars ap-
peared not to form a continuous electrical circuit inside
the concrete because the steel bars were not sufficiently
connected to each other. Another setback was that the
electrolytical paste that was to be applied to the surface
for the re-alkalisation process was feared to leave a resi-

due and a guarantee for the proper bonding of new plas-
ters and coats could not be provided. In any case, the cost
for re-alkalisation would have remained a challenge too!”.

For the restoration contract we decided to have all con-
crete surfaces blasted as very little of the original plaster
remained (Fig. 2). The concrete was then repaired in the
classic way with epoxy-based repair products. The pres-
ence of a layer of plaster in the original state appeared to
be an advantage as it could be replaced by shotcrete to ob-
tain sufficient strength and as an additional alkaline cover
on the reinforcement of the concrete itself. By applying
a thin film of plaster of a composition similar to the orig-
inal, the appearance and the dimensions of the concrete
work are virtually identical to the original. In practice, the
shotcrete application appeared to be technically required
only locally.

The carbonation risk was particularly high for the
overhangs of the first floor (Fig. 1). After the drive ways
beneath them had been closed-off in the 1970s these con-
crete surfaces had been in a protected interior climate for
decades, leaving all the pores in the concrete completely
dry and open. Now that the driveways would be reopened,
the open pores would make these surfaces very suscep-
tible to CO, when exposed again to open air, and hence
particularly prone to carbonation.

The underside of the floor slabs themselves was cov-
ered with thermal insulation and plastered. The insulation
layer is virtually gas-tight, preventing future carbonation.
The exposed beams in these areas have been preventively
treated with shotcrete. To this end a PCC mortar has been
chosen, which is purely cement-based, and not modified
with synthetic admixtures, in order to avoid differences in
thermal expansion with the old substrate.

For local in-depth repairs the classic approach was
used, taking the same PCC mortar as a repair product. All
external surfaces, regardless of the prior treatment, were
finished with a mineral plaster. The planned surface treat-
ment with Decadex, an anti-CO, coating to avoid future
carbonation of the concrete, was rejected because of its
rubber-like, synthetic appearance. Instead, all surfaces are
treated with a Keim paint, which has a slight CO,-repel-
lent effect as well. This is a matte, mineral paint that does
not leave a surface film, which was chosen in a chalk-
white tone for the inside, and bright white for the exterior,
closely matching the original appearance'®.

(Almost) horizontal parts have been treated with a spe-
cial, very durable Montenovo Sockelputz with a smooth
finish. Of course. such solutions require a considerable
amount of maintenance in the future, so special arrange-
ments had to be made with the client.

15" At the first DOCOMOMO Technology Seminar on concrete con-
servation in 1997 electro-chemical concrete conservation seemed very
promising, which has been the reason for trying it at the sanatorium.
Today, electro-chemical concrete conservation is not used very often for
architectural structures in the Netherlands.

16 Duiker used an extremely bright white tone for the exterior con-
taining quite a strong blue hue, whereas the interior of the building had
a much milder palette [15].
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Sanatorium pavilion

Meanwhile a second phase of the restoration has been
completed in 2013, responding to new challenges. At the
Dresselhuys Pavilion, the connection of the tapered beams
and the columns supporting them, appeared insufficiently
resistant to sheer forces. In addition, we found compres-
sion strengths similar to those of wet sand in some of the
columns. In fact, rather than the columns, the light sepa-
ration walls inside the building were actually carrying the
beams.

In order to master the static problems with the beams,
we have tested the use of “Carbon Shear”, a thin carbon-
fibre fabric, that was attached to the sides of the beams af-
ter removal of the plaster. It worked well, although it ap-
peared rather expensive. Again, the original layers of ren-
der and plaster were helpful, as it allowed to conceal the
carbon fabric later within the replacement finish (Fig. 10).

However, this did not resolve the problem of the weak
columns themselves. We have considered to insert steel
columns at every intersection of the separation walls,
3.00 m centre to centre. This would have required addi-
tional foundations as well, which was complicated and
expensive. Also, we would have had to cut sections out
of the original walls in order to install the columns. We
therefore chose a simpler solution, by assuming that each
T-section of the separation walls could be considered as
a stable column, as long as 1 m of each wall was to be
retained. This allowed for some flexibility in any plan for
a new use, and would save a lot of money as well as origi-
nal substance.

Still, in addition, the worst columns had to be complete-
ly replaced, as were all the balconies and the roof slab,
which showed persistent damage of pit corrosion as a result

Fig. 10. Sample tests of
strengthening the bearings of

the longitudinal beams with
carbon fabric, after removal of
the render and plaster finishes.
The method proved effective but
could not resolve the lack of
load-bearing capacity of

the columns themselves

(photo: © WDJArchitecten, 2006)

1. 10. Przyktadowe wzmocnienia
belek tkaning weglowa,

po usunigciu tynkow.

Metoda okazata si¢ skuteczna,
ale nie rozwigzata problemu
braku no$nos$ci samych stupow
(fot. © WDJArchitecten, 2006)

of chlorine salts — probably originally added as a curing
agent — and had eventually collapsed (Fig. 11).

Future challenges

With the example of the sanatorium we have shown
that, technically speaking, even concrete work in a very
bad condition can be repaired and restored although it may
be hard to retain its material authenticity. Whether we de-
cide to do this or not, depends on the will to do it, the ac-
ceptance of a limited lifespan of such repairs and, hence,
a lot of maintenance, as well as the availability of suffi-
cient budget to make such a choice. As mentioned before,
it is questionable whether material authenticity of concrete
work that is principally rendered and plastered, is much of
an issue here. This may not be the case for original plas-
ters and finishes that may have to be sacrificed in order to
repair the concrete beneath it.

One of the principle challenges of concrete conser-
vation is rather to determine whether we are dealing
with a conceptual application of concrete, for instance as
a load bearing material as is the case at Van Nelle, where
the material expression of the substrate was originally not
relevant as it was to be covered, or a building where the
conceptual meaning of the use of concrete was visually
supported by leaving it exposed. In such cases, it is evi-
dent that much more attention must be given to the aes-
thetical qualities of colour, texture, aggregates, and bril-
liance of the repair materials to be applied, as well as the
retention of remaining original material as far as possible.

As we are increasingly dealing with the youngest gen-
eration of modern heritage we are running into these is-
sues more and more. In these buildings we often see an
extensive use of architectural exposed concrete, featuring
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Fig. 11. “Zonnestraal”, Dresselhuys Pavilion (1931) after the collapse of the chloride-infused reinforced concrete roof slab.
The exterior restoration of this structure was completed in 2013
(photo: © R. Wielinga, 2001, WDJArchitecten Archives)

Il. 11. ,,Zonnestraal”, Pawilon Dresselhuys (1931) po zawaleniu si¢ zelbetowej ptyty dachowej poddanej procesowi korozji chlorkowe;j.
Renowacje budynku od zewnatrz zakonczono w 2013 .
(fot. © R. Wielinga, 2001, Archiwum WDJArchitecten)

particularities regarding cement tone, colour and grain of
the aggregates and the dressing of the surface: washed,
etched, chiselled, bush-hammered, and so on.

Many of these techniques and colour effects seem to
have been borrowed from the architecture of Auguste Per-
ret, who tried to have concrete look like a natural material.
In the Netherlands the Groothandelsgebouw, or Whole-
sale Centre, in Rotterdam (W. van Tijen en H. Maaskant,

1947-1953) [16] and the “Patrimonium” Technical School
in Amsterdam (J.B. Ingwersen, 1956)!7, are examples of
buildings where the very expression of concrete as a ma-
terial in itself is highly significant. Within the programme
of the DOCOMOMO International Specialist Committee
on Technology we have started to address some of these
issues as early as 1998. But it is clear that still more chal-
lenges lie ahead of us.

17 The extensive concrete conservation and adaptive re-use project
for the “Patrimonium” Technical School by WDJArchitecten in 2011—
2013 is extensively covered in [17].
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Abstract

Concrete heritage in the Netherlands.
Valuation and conservation of concrete and reinforced concrete structures

The article deals with reinforced concrete structures in the Netherlands in the interwar period. The aim of the article was to present the changes
in the use of reinforced concrete and the introduction of various light concrete products for the construction of light fagades structures such as cur-
tain walls. Reinforced concrete, which appeared in Dutch architecture around 1900, causes conservation problems today, which are discussed in the
article on the example of the Sint Jobsveem (Jan J. Kanters), the Zonnestraal Sanatorium in Hilversum (Jan Duiker, Bernard Bijvoet and Jan Gerko
Wiebenga) and the Van Nelle Factory in Rotterdam (Johannes Brikman, Leendert van der Vlugt and Jan Gerko Wiebenga), involving the author’s
own experiences related to renovation works on these buildings. The most serious problem today is the porosity of concrete and the process of its
carbonation due to the high level of CO, caused by air pollution. In the past, the influence of cement alkalinity and its role in protecting reinforcement
against corrosion was not well understood. The damaging effects of curing agents such as calcium chlorides were unknown. The focus was mainly
on the relationship between the water-cement ratio and the compressive strength. Today, concrete repair methods are usually selected individually,
depending on whether we are dealing with exposed or plastered concrete work, and on the size and scale of the damage. The most effective way to
protect concrete against carbonation is to use a special waterproof protective coating — offering the highest possible diffusion resistance to carbon,
sulfur and chloride ions and the lowest possible diffusion resistance to water vapor. Such a coating protects concrete against the penetration of CO,
and acid ions, and at the same time allows free evaporation of moisture from the concrete to the environment. The described experiences show that
even heavily damaged concrete can be restored. It is a matter of cost and the challenge of keeping its original appearance.

Key words: concrete, reinforced concrete, the Netherlands, conservation, interwar period

Streszczenie

Betonowe dziedzictwo Holandii.
Rodzaje konstrukcji betonowych i Zelbetowych oraz proces ich konserwacji

Artykut dotyczy konstrukeji zelbetowych stosowanych w Holandii w okresie migdzywojennym. Jego celem byto przedstawienie zmian w uzyciu
zelbetu oraz roznych wyroboéw z betonu lekkiego wykorzystywanych do budowy $cian ostonowych. Zelbet, ktéry pojawit si¢c w architekturze holen-
derskiej okoto 1900 r., powoduje dzi$ problemy konserwatorskie, ktére omowiono w artykule w oparciu o wtasne do§wiadczenia autora zwigzane
z renowacja nast¢pujacych budynkow: Sint Jobsveem (Jan J. Kanters), Sanatorium Zonnestraal w Hilversum (Jan Duiker, Bernard Bijvoet i Jan
Gerko Wiebenga) oraz Fabryki Van Nelle w Rotterdamie (Johannes Brikman, Leendert van der Vlugt i Jan Gerko Wiebenga). Najpowazniejszym
problemem jest dzis porowato$¢ betonu i proces jego karbonatyzacji ze wzgledu na wysoki poziom CO, spowodowany zanieczyszczeniem powie-
trza. W przesztosci wptyw zasadowos$ci cementu na ochrong zbrojenia przed korozja nie byt dobrze rozumiany. Szkodliwe dziatanie srodkoéw utwar-
dzajacych, takich jak chlorki wapnia, nie byto znane. Skupiono si¢ gtdéwnie na relacji migdzy stosunkiem wodno-cementowym a wytrzymato$cia na
$ciskanie. Dzi$ metody naprawy betonu dobierane sa zazwyczaj indywidualnie, w zaleznosci od tego, czy mamy do czynienia z betonem odstonig-
tym czy pokrytym tynkiem, a takze od wielkosci i skali uszkodzen. Najskuteczniejszym sposobem ochrony betonu przed karbonatyzacja jest zasto-
sowanie specjalnej wodoodpornej powtoki ochronnej — umozliwiajacej najwyzsza mozliwa odporno$¢ na wnikanie jonow wegla, siarki i chlorkow
oraz przepuszczajacej par¢ wodna na zewnatrz. Taka powtoka zabezpiecza beton przed wnikaniem jonow CO, i kwasow, a jednoczesnie umozliwia
swobodne odparowanie wilgoci z betonu do otoczenia. Opisane do§wiadczenia pokazuja, ze nawet bardzo zniszczony beton mozna odtworzy¢. To
kwestia kosztow i umiejetnosci zachowania oryginalnego wygladu.

Stowa kluczowe: beton, zelbet, Holandia, konserwacja, okres migdzywojenny



