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CONCRETE TECHNOLOGY

Thomas Deuse and Walter Ritter, 
Dyckerhoff GmbH, Germany

Christian Dr•ssler and Thomas Dr•ssler, Benno Dr•ssler
GmbH & Co. Bauunternehmung KG, Germany  

UHPC with Dyckerhoff Nanodur
Compound 5941

Ultra High Performance Concrete, UHPC, is
a high-performance concrete with special
mechanical properties. Compressive
strengths in the range of 150 MPa with a
bending tensile strength of 15 - 25 MPa
and moduli of elasticity of the order of
50,000 MPa are achieved by a dense
packing of the cement stone matrix with a
low water/cement ratio (< 0.3). For rea-
sons of homogeneity, the production of
classic UHPC with normal cement and silica
dust as the reactive binding agents as well
as select oven-dry, fine mineral fillers is com-
paratively complex with regard to the dos-
ing and mixing technology.

Conversely, Dyckerhoff manufactures a spe-
cial binding agent ± Nanodur Compound
5941 ± that allows the use of air-dry nor-
mal aggregates and standard concrete mix-
ers. No silica dust is required here, since
raw materials such as ultra-fine cement com-
ponents, synthetic silicic acids and fine
quartz meal are purposefully selected and
matched to one another for the subsequent
dense packing. The final preparation with
the basis cement CEM I 52.5 R then takes
place in several steps in a high-perfor-
mance powder mixer in the Neuwied
cement plant. The resulting binding agent,
Nanodur Compound 5941, is delivered
like conventional cement in a silo truck and
injected into a single silo in the mixing
plant. The usual trough or twin shaft mixers
are entirely adequate for the preparation
with air-dry pit sand 0 - 2 mm, fine flint 2 -
5 mm, water and PCE superplasticiser. The
mixing of the self-compacting UHPC can
take up to 10 minutes, depending on the

reactivity of the PCE superplasticiser,
wherein only 50% of the mixer capacity is
usable at the most.

The special properties of the UHPC manu-
factured with Nanodur Compound 5941
have in the meantime opened up new fields
of application outside the building industry,
e.g. in mechanical engineering. Due to their
high damping values, machine beds and
tool frames made of UHPC represent an
attractive alternative to metallic materials,
polymer concrete and natural stone [1].

UHPC is extremely durable and has a very
dense and firm surface ± the prerequisite
for sufficient transmission of force when
bonding with reaction resin for example.
Investigations carried out at the Technical
University of Graz certify the high load-
bearing potential of the epoxy bonding of
high-performance concrete with mechani-
cally pretreated bonding surfaces [2]. In

!"#$%&'()*(+,-.'/.*-.('0'/1"0$/2*-3'3/4*"-05

From the development to the application

In comparison with mechanical joints, bonded joints exhibit a more even distribution of force with fewer stress peaks. There is a wide range
of applications, for example in the aviation industry, where many of the material joints are bonded. This is possible thanks to homogeneous
material properties and high surface strengths. In construction, bonding is mainly restricted to tiles, slabs and system stones. Constructive
bonds like those in timber construction are, apart from adhesive dowels, rather rare in concrete construction. Concrete is predominantly con-
nected by means of connecting reinforcement or is mechanically connected. Apart from very high compressive and bending tensile strengths,
high-performance concretes such as UHPC also exhibit large adhesive tensile strengths, which make bonded joints possible. The following
article documents the development, from a trade fair exhibit (fig. 1) to an initial industrial application.

Fig. 1: UHPC stairs as an exhibit at the BAU 2011 Fig. 2:  Flexural tensile test
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the context of the development, bonded
joints of Nanodur concrete with special
epoxy resin mortars were tested at Bostik
GmbH in Borgholzhausen. The direct cen-
tral application of force to the bonded joint
led without exception in the flexural tensile
tests to a breakage in the concrete and
reflected its strength (fig. 2). Breaks in the
bonded joint or at the boundary surfaces
were not observed [3]. This is also continu-
ously confirmed in application-technologi-
cal tests of the adhesive tensile strength at
the Wilhelm Dyckerhoff Institute, where
steel tampers are adhered to concrete slabs
with epoxy resin. In the case of UHPC with
Nanodur Compound 5941 as the binding
agent, the breakage always occurs at the
base of the annular groove drilled to limit
the test area and thus inside the concrete.

Stairs made of bonded high-
performance concrete 
as trade fair exhibit at the BAU 2011

The eye-catcher at the Dyckerhoff trade fair
booth at the BAU 2011 in Munich was ±
similar to the automotive industry ± a pro-
totype that was intended to point the way to
future possible applications of concrete.
The exhibit (fig. 1) manufactured by Benno
Dr!ssler GmbH & Co. Bauunternehmung
KG, Siegen, consisted of 3 elements of a
walkable 29 mm thick folding stairs made
of white high-performance concrete. The
folded structure was bonded between two
panes of glass using reaction resin. For the
production of the individual elements, a
fine-grained mixture (Dr!ssler Ultralith FG)
with 75 kg/m• micro steel fibres was slow-
ly poured into an upright wooden formwork

in order to give the self-compacting
Nanodur concrete sufficient time to de-aer-
ate. The elements were demoulded after
one day and bonded between the two
glass panes using reaction resin after 28
days. After complete hardening of the
adhesive, the initial load tests took place
with two concrete cubes weighing 50 kg
each per step and additionally a lateral ten-
sile load at the upper end of the glass
stringers via concrete cubes (2 x 50 kg) sus-
pended on traverses. For the visual evalua-
tion of the material behaviour, the proto-
type was later loaded by placing two pre-
cast elements parts onto it on a wooden
bracket, the elements weighing 7.4 t in total.
That corresponded to 1.85 t/step, with no
visible signs of failure in the concrete, glass
or bonded joint (fig. 3).

The aforementioned prototype was finally
loaded up to failure at the Otto Mohr labo-
ratory of the Institute of Structural Concrete
at the Technical University of Dresden. The
test report stated: ªTo avoid local stress
peaks in the contact surface of the laminat-
ed glass stringers, these were mounted on
rubber bearings. Since surface loads can
be implemented experimentally only with
difficulty, each of the five steps of the stairs
was loaded centrally with a single load. The
load introduction areas measured in each
case 200 mm x 200 mm. The load was then
applied with the aid of synchronised
hydraulic presses. The rate of load applica-
tion was about 0.5 kN/s. In order to be
able to introduce the loads into the stairs,
holes were first drilled through the steps.
GEWI rods were fed through the holes. The
hydraulic presses were attached at the
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upper end. At the lower end the rods were
frictionally anchored in the load test bed.
Three inductive position transducers were
located on the first, third and fifth steps, with
which the vertical deformations of the steps
could be measured. Below the central third
step, three strain gauges were located for
the measurement of the horizontal deforma-
tions¼
¼ On the whole, the load test (fig. 4) was
successful. The load-bearing capacity of the
stairs was enormously high. In total almost
110 kN (corresponding to a weight of
about 11 tonnes) were introduced into the
construction. This corresponds to a load per

unit area of considerably more than 70
kN/m2, which lies far above the load per
unit area usually stipulated for stairs. The
failure was finally caused by a breakage in
the area of the bonded joint to one of the
glass stringers. A further positive point was
the clear ductile behaviour of the construc-
tion, although no reinforcing steel had been
inserted.º [4]. 

Floating body made of bonded high 
performance concrete

Based on the experiences with the trade
fair exhibit and at the request of Dyckerhoff,

the Dr!ssler company manufactured a
`high-performance concrete box' (3 m x 1
m x 1 m) as a floating body made of non-
reinforced UHPC slabs (thickness of side
parts = 2 cm, front sides = 3 cm, base plate
= 5 cm). Bonding with reaction resin took
place at pre-treated bonding surfaces by
means of simple joining without spacers.
Once watertightness had been confirmed,
the structural element was additionally
loaded with an 800 kg concrete system
stone (fig. 5) and stored floating in the
Rhine. When no entry of water had been
observed after several weeks, a significant-
ly larger construction (l= 4.0 m, w = 3.0 m,

Fig. 3:  Load test Fig. 4:  Load test at the TU Dresden, Germany

Fig. 5: High-performance concrete box with system stone Fig. 6:  Concrete pontoon made of bonded high-performance concrete
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h= 2.50 m) was built. Once again here the
upright walls were placed in the reaction
resin mortar which had been applied with
spatulas, so that the thickness of the bond-
ed joint was determined by the largest
grain of the adhesive ± less than 1 mm. The
finished floating body had a weight of 8 t
and was successfully tested over a period
of several months in a pond (fig. 6). On
basis of these practical results an order was
placed with the Technical University of
Dresden to carry out the dimensioning and
statics for floating bodies made of high-per-
formance concrete.

Dimensioning and statics of a 
modular pontoon system

The aforementioned orienting tests gave
rise to the idea for a practically usable pon-
toon system of bonded high-performance
concrete elements. It has to be possible to
manufacture the slabs industrially in uniform
dimensions and to move them using normal
means of transport later on. This gave rise
to the following dimensions:
Side walls 2 m x 3 m, base plate 3 m x 3
m, cover 3 m x 3 m with manhole.
In a metal frame used for edge protection
the slabs are aligned, bonded to one anoth-

er and reinforced on the inside by ribs as
well as a ring box in the region of the ice
water line. External bracing cables connect
pontoon modules together to form groups
according to the necessary load-bearing
capacity. This can be used, for example, for
houseboats (floating homes) or also as
work platforms for machines. The advan-
tage compared to steel pontoons is that
maintenance such as corrosion protection is
not necessary with concrete. The so-called
metacentre, which is defined as the inter-
section of the buoyancy vectors, is decisive
for the stability of a floating body. With cen-
tral loading the floating position is stable; it
becomes critical if the load shifts or if a
floating body fails. These load cases were
investigated in the Statics Dept. at the TU
Dresden and the summary was:  ªAll bodies
float stably with the specified additional
load; only the single body loses its flotation
stability with an additional load of about
400 kg. The flotation stability depends on
the centre of gravity of the additional load.
Therefore the key to fig. 7 indicates how
high the maximum additional load may be
above deck, i.e. the `group of nine' also
floats stably with the full additional load,
thus fully immersed, if the centre of gravity is
at the most 3.125 metres above deck. Such

a position of the centre of gravity would def-
initely make a two-story house possible.º
[5].

The individual pontoons, which can be
manufactured modularly in industrial pro-
duction, enable the variable manufacture of
platforms (fig. 7) that can be dismantled
again and changed: ªIt can be shown that
the individual pontoons can be clamped
together to form a complete platform that is
capable of carrying heavy loads and
exhibits the necessary shipbuilding stability.
The construction can be adapted to a large
extent to the operating conditions. Details
such as the deck structure must be modified
for this, but the overall construction can be
adopted.º[5]. 

The slabs are constructed as composite
structures with a thickness of 4 cm. The
Sigratex Grid 350 carbon non-woven fabric
was placed in the fresh state into a 3.5 cm
thick coarse-grained self-compacting mix-
ture with 60 kg/m• micro steel fibres
(Dr!ssler Ultralith SG MSF). The usually
resulting elephant skin formation was de -
layed by spraying with water and/or post-
treatment agent and a good bond was
achieved with the immediately following,
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likewise self-compacting 0.5 cm thick fine-
grained mixture (Dr•ssler Ultralith FG). The
good layer bonding and the individual con-
stituent parts of the construction can clearly
be seen at the crack in a test slab loaded to
failure: above the coarse-grained mixture
with basalt grit and micro steel fibres, below
the fine-grained mixture with the carbon
non-woven fabric in the tensile zone (fig. 8).

The behaviour in use was tested on UHPC
boards measuring 2 m in length and 30 cm
in width in the 4-point flexural tensile test in
the Otto Mohr laboratory of the Institute of
Structural Concrete at the Technical
University of Dresden (fig. 9). The behav-
iour of the composite material is described
as follows: ªIn the further course a relatively
narrow formation of cracks then sets in with
distances between the cracks of 4 to 6 cm.
This is virtually ruled out at a deflection of
about 35 mm (1/54). This represents a very
favourable behaviour for the pontoons,
because although the stress creates a local
crack, this can immediately be distributed
over large parts of the slab due to the high
deformation capacity. As a keyword, the
theory of plasticity in steel construction or in
this case in concrete construction the yield-
line theory should be mentioned here, with
which very economic dimensioning can be
achieved. With regard to watertightness, no
disadvantages are to be expected, since the
cross-section has an adequate compressive
zone and this ensures the watertightness of
the construction¼.

¼ The behaviour of the bond between the
textile reinforcement and the fine concrete is
comparable with the textile reinforced con-

crete used so far. However, higher forces
per unit length (composite flow) can be
introduced from the matrix into the textile.
This is mainly attributable to the greater flex-
ural strength of the matrix used here. This
higher tensile strength of the fine concrete
also results in a higher initial cracking load
of the textile reinforced concrete and leads
to an enlargement of the distance between
the cracks. The high initial cracking load is
regarded as advantageous in the planned
application, since the dimensioning is to be
carried out primarily against this cracking
load. The textile reinforcements are intend-
ed to ensure that the slab does not tear
wide open with the first crack and become
unusable, but exhibits a better-natured post-
cracking behaviour. The typical wide indi-

vidual cracks in the steel fibre reinforced
concrete slabs are distributed to several
smaller individual cracks by the textile rein-
forcement; a certain increase in load is also
possible after cracking, since the tensile
forces can be transferred from the concrete
into the fibres and thus a moment can also
still be transferred in the cross-section of the
crack. With the associated compressive
zone it is ensured that the construction
remains watertightº[6].

The statics and dimensioning carried out by
the Technical University of Dresden are
available as an example and can be trans-
ferred to suitable constructions. It is recom-
mended for reasons of safety to reinforce
the horizontal and vertical corners of the

Fig. 9: Test facility at the TU Dresden, Germany

Fig. 8: Sandwich cross-section 
(thickness= 4 cm) after testing

Fig. 7: Floating conditions

Additional load [t]

Ice water line

Group of 9 max. 3.125 m above deck
Group of 4 max. 0.640 m above deck
2 x group of 3 max. 0.64 m above deck
Single module max. 0.05 m above 
Single module unstable flotationdeck
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pontoons with bonded concrete elements ±
also to extend the flow path. In an actual
application the connections with defined
bonded joints must be verified in the context
of a suitability test for the foreseen reaction
resin mortar.

Dr•ssler Ultralith from Benno Dr•ssler
Bauunternehmung

Due to the necessary and very complex
approvals in an individual case, UHPC has
rarely been used as a structural material in
Germany so far, although if considered in
the long term it would also be economical-
ly interesting in particular on account of its
high durability. Nonetheless, interesting
fields of application have arisen for
Dr!ssler Ultralith (UHPC on the basis of
Dyckerhoff Nanodur Compound 5941). In
the construction of the new Ferchau head-
quarters in Gummersbach, for example,
very thin, unreinforced fa"ade panels in a
large format were used for a 900 m• fair-
faced concrete curtain wall as an alterna-
tive to natural stone (fig. 10). The concrete
caststone elements, which stretch from floor
to floor, have a high flexural strength and
are around 3 metres long and 4 cm thick.
The elements were fastened to the building
shell with holding and support anchors
made of corrosion-resistant steel [7]. This
project was the first larger practical build-
ing application for the verification of the
very promising laboratory results in relation
to the durability of Nanodur concrete.
Unlike the classic UHPC with standard
cement and silica dust, the reactive binding
agent content in Nanodur Compound
5941 consists of the proven grain-optimised

primary components Portland cement clink-
er and ground granulated blast furnace
slag. This binding agent concept and its
hydration control by inorganic nano-struc-
tured synthetic oxides was the subject of a
BMBF project in the context of the Nano -
Tecture tender. The Bauhaus University
Weimar tested application-friendly, energy-
efficient high-performance concretes there,
amongst other things for accelerated car-
bonatation, frost and freeze-deicing salt
resistance and chloride migration. The
extra ordinary resistance thereby deter-
mined was further confirmed by climatic
alternation storage for 12 months with
extremely ASR-sensitive aggregates [8].

Precast elements for the 
Grevesm!hlen shrimp farm

On the basis of the prototype of a bonded
basin as a trade fair exhibit at the Eurotier
2012 (fig. 11), Dr!ssler, together with the
Green Aqua Farming company, com-
menced with the development of fish breed-
ing systems as modular constructions in
arbitrary sizes made of individual UHPC
elements bonded together. A double-deck-
er construction with a length of 35 m and a
width of 5 m was developed for the
Grevesm#hlen shrimp breeding farm. With
a wall thickness of just 6 cm, the three-
dimensional individual elements were man-
ufactured with self-compacting Dr!ssler
Ultralith SG at the Siegen plant (fig. 12).
The UHPC contain no reinforcements what-
soever and the elements for the lower basin
are executed in one casting complete with
supports for the upper basin. The UHPC
basin elements and the accessories made

Fig. 10:  Curtain wall of the Ferchau 
headquarters, Germany

Fig. 11: Exhibit at the Eurotier 2012
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of normal concrete were assembled in
Siegen and then transported to the building
site in Grevesm•hlen. After positioning the
lower UHPC basin elements (fig. 13) on
concrete beams and elastomer belts pre-
pared beforehand, the upper UHPC ele-
ments were placed on girders and trans-
verse beams made of high-strength normal
concrete using a specially made lifting

device, which is usable in the already exist-
ing halls (fig. 14). Following completion of
the assembly, the joints were closed by glu-
ing Dr€ssler Ultralith FG lugs with reaction
resin adhesive (fig. 15). A hydraulic mortar
with drinking water approval was used to
seal the joints between the lugs and the
basin elements [9].

Prospects

UHPC will be realisable in structural civil
engineering for the foreseeable future only
with the time and costs of a complex
approval in an individual case. A contribu-
tion to faster implementation is the simplifi-
cation of the manufacturing processes of
UHPC. In the case of Nanodur Compound

Fig. 12:  Concreting with self-compacting Dr•ssler Ultralith SG Fig. 13: Lower basin element

Fig. 14:  Upper basin element Fig. 15: Butt joint formation

Fig. 16:  Completed upper basin Fig. 17: Filled lower basin
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5941, the intensive industrial preliminary
mixing of the reactive binding agent com-
ponents and selected fine aggregates in
high-performance powder mixers with cut-
ter heads ensures constant quality of the
ready-to-use binding agent. By mixing with
conventional aggregates in normal con-
crete mixers, as in the simplest case only
with air-dry sand 0 - 2 mm, the manufacture
of the Nanodur high-performance concrete
is comparatively simple and can be imple-
mented in any precast plant without any
particular effort. The successful manufac-
ture in the meantime of three double-decker
basins for the Grevesm•hlen and Fluxx•
shrimp farms [10] from unreinforced thin-
walled Dr!ssler Ultralith documents new
possibilities for the concrete construction
method. The assembly with reaction resin
adhesive ± which is only possible due to
the high adhesive tensile strength of the
UHPC ± can open up further interesting
fields of application. M
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Table 1: Nanodur concrete recipes

Coarse-grain recipe Fine-grain recipe
(Dr!ssler" Ultralith (Dr!ssler" Ultralith
SG MSF) FG)

Nanodur" Compound 5941 grau (NC) 1.050 kg/m 1.210 kg/m 

Rhine sand 0/2 mm 430 kg/m ±

Quartz sand < 0.5 mm (kiln-dried) ± 950 kg/m 

Basalt grit 2-5 mm 880 kg/m ±

Steel fibres 015 x 0.9 mm 60 kg/m ±

PCE superplasticiser to NC 1,3 % 1,9 %

Water/NC 0,16 0,17

Compressive strength* > 150 > 130

3-point flexural strength*  > 20 > 18

* Prism 4 cm x 4 cm x 16 cm, test specimen stored 28 days under water, about 10% lower strength when using Nanodur
Compound 5941 white

FURTHER INFORMATION  

� �� � � � � �H

Benno Dr•ssler GmbH & Co. Bauunternehmung KG
Marienh€tte 6, 57080 Siegen, Germany
T +49 271 31890
F +49 271 3189175
vertrieb@droessler.de
www.droessler.de

Dyckerhoff GmbH
Biebricher Straûe 69
65203 Wiesbaden, Germany
T +49 611 676 1181
marketing@dyckerhoff.com
www.dyckerhoff.de


