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CONCRETE TECHNOLOGY

From the development to the application
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In comparison with mechanical joints, bonded gaimtsit a more even distribution of force withrfetness peaks. There is a wide range
of applications, for example in the aviation iydudtere many of the material joints are bondisdsTpossible thanks to homogeneous
material properties and high surface strengthensiruction, bonding is mainly restricted to silalss and system stones. Constructive
bonds like those in timber construction are, mpartadhesive dowels, rather rare in concretergoiish. Concrete is predominantly con-
nected by means of connecting reinforcement eclgnically connected. Apart from very high coiwprasd bending tensile strengths,
high-performance concretes such as UHPC alsolaxgebitdhesive tensile strengths, which make b@idesdpossible. The following
article documents the development, from a tradexFébit (fig. 1) to an initial industrial aptpdica

B Thomas Deuse and Walter Ritte€onversely, Dyckerhoff manufactures a speeactivity of the PCE superplasticiser,
Dyckerhoff GmbH, Germany cial binding agent + Nanodur Compoundwherein only 50% of the mixer capacity is
Christian Dressler and Thomas Dréssler, Bediha Dinegsallows the use of air-dry norusable at the most.
GmbH & Co. Bauunternehmun® KG, Gerataggregates and standard concrete mix-
ers. No silica dust is required here, sinc€he special properties of the UHPC manu-
UHPC with Dyckerhoff Nanodur raw materials such as ultra-fine cement cofaetured with Nanodur Compound 5941
Compound 5941 ponents, synthetic silicic acids and finkave in the meantime opened up new fields
quartz meal are purposefully selected anaf application outside the building industry,
Ultra High Performance Concrete, UHPC, imatched to one another for the subsequeptg. in mechanical engineering. Due to their
a high-performance concrete with specialense packing. The final preparation witthigh damping values, machine beds and
mechanical properties. Compressivehe basis cement CEM | 52.5 R then takdeol frames made of UHPC represent an
strengths in the range of 150 MPa with glace in several steps in a high-perfomattractive alternative to metallic materials,
bending tensile strength of 15 - 25 MPamance powder mixer in the Neuwiedpolymer concrete and natural stone [1].
and moduli of elasticity of the order ofcement plant. The resulting binding agent,
50,000 MPa are achieved by a dense Nanodur Compound 5941, is delivered UHPC is extremely durable and has a very
packing of the cement stone matrix with Bke conventional cement in a silo truck andense and firm surface + the prerequisite
low water/cement ratio (< 0.3). For rea-injected into a single silo in the mixindor sufficient transmission of force when
sons of homogeneity, the production oplant. The usual trough or twin shaft mixeb®nding with reaction resin for example.
classic UHPC with normal cement and siliGae entirely adequate for the preparationinvestigations carried out at the Technical
dust as the reactive binding agents as weNith air-dry pit sand 0 - 2 mm, fine flint 2 University of Graz certify the high load-
as select oven-dry, fine mineral fillers is colmm, water and PCE superplasticiser. Thearing potential of the epoxy bonding of
paratively complex with regard to the dosmixing of the self-compacting UHPC cahigh-performance concrete with mechani-
ing and mixing technology. take up to 10 minutes, depending on theally pretreated bonding surfaces [2]. In

INSTRON

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, bondedn order to give the self-compacting
joints of Nanodur concrete with speciaNanodur concrete sufficient time to de-ae
epoxy resin mortars were tested at Bostite. The elements were demoulded
GmbH in Borgholzhausen. The direct cemne day and bonded between the two
tral application of force to the bonded jointglass panes using reaction resin after|2
led without exception in the flexural tensildays. After complete hardening of the
tests to a breakage in the concrete an@dhesive, the initial load tests took plac
reflected its strength (fig. 2). Breaks in theith two concrete cubes weighing 50 kg
bonded joint or at the boundary surfacegach per step and additionally a lateral ten
were not observed [3]. This is also contingile load at the upper end of the glass
ously confirmed in application-technologstringers via concrete cubes (2 x 50 kg) su
cal tests of the adhesive tensile strength @énded on traverses. For the visual evalu
the Wilhelm Dyckerhoff Institute, wheréon of the material behaviour, the prato
steel tampers are adhered to concrete slaligpe was later loaded by placing two pre-
with epoxy resin. In the case of UHPC witbast elements parts onto it on a woode
Nanodur Compound 5941 as the binding bracket, the elements weighing 7.4 t in tata
agent, the breakage always occurs at th@hat corresponded to 1.85 t/step, with na
base of the annular groove drilled to limivisible signs of failure in the concrete, gla
the test area and thus inside the concreteor bonded joint (fig. 3).

Stairs made of bonded high- The aforementioned prototype was finall
performance concrete loaded up to failure at the Otto Mohr labo-
as trade fair exhibit at the BAU 2011 ratory of the Institute of Structural Concre

at the Technical University of Dresden. Tl
The eye-catcher at the Dyckerhoff trade faiest report statedTo avoid local stres
booth at the BAU 2011 in Munich was +peaks in the contact surface of the lamin:
similar to the automotive industry + a preed glass stringers, these were mounte
totype that was intended to point the way toubber bearings. Since surface loads ca
future possible applications of concretebe implemented experimentally only
The exhibit (fig. 1) manufactured by Benndifficulty, each of the five steps of the sta
Drissler GmbH & Co. Bauunternehmungvas loaded centrally with a single load. Th
KG, Siegen, consisted of 3 elements of lad introduction areas measured in eacl
walkable 29 mm thick folding stairs madease 200 mm x 200 mm. The load was the
of white high-performance concrete. Thapplied with the aid of synchronisgc
folded structure was bonded between twdnydraulic presses. The rate of load applici
panes of glass using reaction resin. For thien was about 0.5 kN/s. In order to he
production of the individual elements, able to introduce the loads into the stairs
fine-grained mixture (Drlssler Ultralith FGholes were first drilled through the step:
with 75 kg/m micro steel fibres was slow-GEW!I rods were fed through the holes.
ly poured into an upright wooden formworkhydraulic presses were attached at [th
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CONCRETE TECHNOLOGY

upper end. At the lower end the rods werenit area of considerably more than 70the Drlssler company manufactured a
frictionally anchored in the load test bedkN/n?, which lies far above the load per high-performance concrete box' (3 m x 1
Three inductive position transducers wetmit area usually stipulated for stairs. Tha x 1 m) as a floating body made of non-
located on the first, third and fifth steps, withilure was finally caused by a breakage imeinforced UHPC slabs (thickness of side
which the vertical deformations of the stefise area of the bonded joint to one of thearts = 2 cm, front sides = 3 cm, base plate
could be measured. Below the central thirglass stringers. A further positive point was5 cm). Bonding with reaction resin took
step, three strain gauges were located fdhe clear ductile behaviour of the construptace at pre-treated bonding surfaces by
the measurement of the horizontal deformten, although no reinforcing steel had beemeans of simple joining without spacers.

tionsYa inserted.°[4]. Once watertightness had been confirmed,
%, On the whole, the load test (fig. 4) was the structural element was additionally
successful. The load-bearing capacity of tRéoating body made of bonded high loaded with an 800 kg concrete system
stairs was enormously high. In total almogerformance concrete stone (fig. 5) and stored floating in the
110 kN (corresponding to a weight of Rhine. When no entry of water had been

about 11 tonnes) were introduced into théased on the experiences with the tradebserved after several weeks, a significant-
construction. This corresponds to a load péair exhibit and at the request of Dyckerhoffy larger construction (I= 4.0 m, w = 3.0 m,
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h=2.50 m) was built. Once again here theer and reinforced on the inside by ribs as position of the centre of gravity would def-
upright walls were placed in the reactionwell as a ring box in the region of the icanitely make a two-story house possible.°
resin mortar which had been applied withwater line. External bracing cables connedb].

spatulas, so that the thickness of the borgbntoon modules together to form groups

ed joint was determined by the largesaccording to the necessary load-bearinghe individual pontoons, which can be
grain of the adhesive * less than 1 mm. Ttoapacity. This can be used, for example, fonanufactured modularly in industrial pro-
finished floating body had a weight of 8 thouseboats (floating homes) or also aduction, enable the variable manufacture of
and was successfully tested over a periodork platforms for machines. The advamlatforms (fig. 7) that can be dismantled
of several months in a pond (fig. 6). Ortage compared to steel pontoons is thatigain and changedit can be shown that
basis of these practical results an order wamsaintenance such as corrosion protectiontike individual pontoons can be clamped
placed with the Technical University ofiot necessary with concrete. The so-calledgether to form a complete platform that is
Dresden to carry out the dimensioning anthetacentre, which is defined as the intecapable of carrying heavy loads and
statics for floating bodies made of high-pesection of the buoyancy vectors, is decisivexhibits the necessary shipbuilding stability.

formance concrete. for the stability of a floating body. With cenThe construction can be adapted to a large
tral loading the floating position is stable; ixtent to the operating conditions. Details

Dimensioning and statics of a becomes critical if the load shifts or if @uch as the deck structure must be modified

modular pontoon system floating body fails. These load cases weréor this, but the overall construction can be

investigated in the Statics Dept. at the Tatlopted.o[5].
The aforementioned orienting tests gav@resden and the summary widt bodies
rise to the idea for a practically usable porfloat stably with the specified additionallhe slabs are constructed as composite
toon system of bonded high-performanclad; only the single body loses its flotatiostructures with a thickness of 4 cm. The
concrete elements. It has to be possible &tability with an additional load of aboutSigratex Grid 350 carbon non-woven fabric
manufacture the slabs industrially in uniford®0 kg. The flotation stability depends orwas placed in the fresh state into a 3.5 cm
dimensions and to move them using normidle centre of gravity of the additional loadthick coarse-grained self-compacting mix-
means of transport later on. This gave riskherefore the key to fig. 7 indicates howure with 60 kg/m micro steel fibres

to the following dimensions: high the maximum additional load may béDr!ssler Ultralith SG MSF). The usually
Side walls 2 m x 3 m, base plate 3 m x 3above deck, i.e. the “group of nine' alsaesulting elephant skin formation was de-
m, cover 3 m x 3 m with manhole. floats stably with the full additional loadJayed by spraying with water and/or post-

In a metal frame used for edge protectiothus fully immersed, if the centre of gravitytisatment agent and a good bond was
the slabs are aligned, bonded to one anothat the most 3.125 metres above deck. Sudichieved with the immediately following,
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likewise self-compacting 0.5 cm thick finerete used so far. However, higher forcesdual cracks in the steel fibre reinforced

grained mixture (Dressler Ultralith FG). Theer unit length (composite flow) can b&oncrete slabs are distributed to several

good layer bonding and the individual con4introduced from the matrix into the textilemaller individual cracks by the textile rein-

stituent parts of the construction can clearkhis is mainly attributable to the greater fleforcement; a certain increase in load is also

be seen at the crack in a test slab loaded toral strength of the matrix used here. Thi®ssible after cracking, since the tensile

failure: above the coarse-grained mixtureigher tensile strength of the fine concreterces can be transferred from the concrete

with basalt grit and micro steel fibres, belowlso results in a higher initial cracking loa@hto the fibres and thus a moment can also

the fine-grained mixture with the carbowof the textile reinforced concrete and leadstill be transferred in the cross-section of the

non-woven fabric in the tensile zone (fig. 8o an enlargement of the distance betweetrack. With the associated compressive
the cracks. The high initial cracking load mone it is ensured that the construction

The behaviour in use was tested on UHP@garded as advantageous in the planneademains watertighf8].

boards measuring 2 m in length and 30 cnapplication, since the dimensioning is to be

in width in the 4-point flexural tensile test Tarried out primarily against this crackindg he statics and dimensioning carried out by

the Otto Mohr laboratory of the Institute ofoad. The textile reinforcements are intenthe Technical University of Dresden are

Structural Concrete at the Technicatd to ensure that the slab does not teaavailable as an example and can be trans-

University of Dresden (fig. 9). The behawide open with the first crack and becoméerred to suitable constructions. It is recom-

iour of the composite material is describednusable, but exhibits a better-natured positended for reasons of safety to reinforce

as follows?In the further course a relativelycracking behaviour. The typical wide indthe horizontal and vertical corners of the

narrow formation of cracks then sets in with

distances between the cracks of 4 to 6 cr

This is virtually ruled out at a deflection «

about 35 mm (1/54). This represents a ver

favourable behaviour for the pontoons

because although the stress creates a loc

crack, this can immediately be distribute

over large parts of the slab due to the higl

deformation capacity. As a keyword, the

theory of plasticity in steel construction or

this case in concrete construction the yie

line theory should be mentioned here, wi

which very economic dimensioning can k

achieved. With regard to watertightness, n

disadvantages are to be expected, since tt

cross-section has an adequate compress

zone and this ensures the watertightness

the construction¥a.

Y4 The behaviour of the bond between tr
textile reinforcement and the fine concrete I1s
comparable with the textile reinforced cori-
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pontoons with bonded concrete elements parimary components Portland cement clin
also to extend the flow path. In an actuaér and ground granulated blast furnace
application the connections with definedlag. This binding agent concept and it
bonded joints must be verified in the contekidration control by inorganic nano-struc
of a suitability test for the foreseen reactidmired synthetic oxides was the subject of
resin mortar. BMBF project in the context of the Nano
Tecture tender. The Bauhaus Universi
Dressler Ultralith from Benno Dressler Weimar tested application-friendly, energy
Bauunternehmung efficient high-performance concretes ther
amongst other things for accelerated cai
Due to the necessary and very complekonatation, frost and freeze-deicing sal
approvals in an individual case, UHPC hagesistance and chloride migration. The
rarely been used as a structural material iextraordinary resistance thereby deter
Germany so far, although if considered imined was further confirmed by climatic
the long term it would also be economicaklternation storage for 12 months with
ly interesting in particular on account of itextremely ASR-sensitive aggregates [8].
high durability. Nonetheless, interesting
fields of application have arisen forPrecast elements for the
Dr!ssler Ultralith (UHPC on the basis o6Grevesm!hlen shrimp farm
Dyckerhoff Nanodur Compound 5941). In
the construction of the new Ferchau hea®n the basis of the prototype of a bonded
quarters in Gummersbach, for examplejasin as a trade fair exhibit at the Eurotie
very thin, unreinforced fa"ade panels in €012 (fig. 11), Dr!ssler, together with the
large format were used for a 90@ fair- Green Aqua Farming company, com-
faced concrete curtain wall as an alternamenced with the development of fish breec
tive to natural stone (fig. 10). The concreting systems as modular constructions
caststone elements, which stretch from flaanbitrary sizes made of individual UHPC
to floor, have a high flexural strength aneétlements bonded together. A double-decl
are around 3 metres long and 4 cm thicker construction with a length of 35 m and ¢
The elements were fastened to the buildingidth of 5 m was developed for the
shell with holding and support anchorsGrevesm#hlen shrimp breeding farm. Wit
made of corrosion-resistant steel [7]. This wall thickness of just 6 cm, the three
project was the first larger practical builddimensional individual elements were matr
ing application for the verification of theufactured with self-compacting Dr!ssle
very promising laboratory results in relatiobltralith SG at the Siegen plant (fig. 12).
to the durability of Nanodur concrete.The UHPC contain no reinforcements whe
Unlike the classic UHPC with standardoever and the elements for the lower bas
cement and silica dust, the reactive bindingre executed in one casting complete witl
agent content in Nanodur Compoundsupports for the upper basin. The UHP
5941 consists of the proven grain-optimisedasin elements and the accessories mac
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of normal concrete were assembled imdevice, which is usable in the already exisRrospects

Siegen and then transported to the buildingng halls (fig. 14). Following completion of

site in Grevesmehlen. After positioning théhe assembly, the joints were closed by glIWHPC will be realisable in structural civil

lower UHPC basin elements (fig. 13) oring Dr€ssler Ultralith FG lugs with reactioangineering for the foreseeable future only
concrete beams and elastomer belts preesin adhesive (fig. 15). A hydraulic mortawith the time and costs of a complex

pared beforehand, the upper UHPC elewith drinking water approval was used taapproval in an individual case. A contribu-

ments were placed on girders and transseal the joints between the lugs and thgon to faster implementation is the simplifi-
verse beams made of high-strength normiasin elements [9]. cation of the manufacturing processes of
concrete using a specially made lifting UHPC. In the case of Nanodur Compound



Table 1: Nanodur concrete recipes

Coarse-grain recipE
(Drlssler Ultralith

SG MSF)

CONCRETE TECHNOLOGY

Fine-grain recipe
(DrlsslerUltralith
FG)

5941, the intensive industrial preliminarym
mixing of the reactive binding agent com-
ponents and selected fine aggregates ift
high-performance powder mixers with cut-
ter heads ensures constant quality of t 8
ready-to-use binding agent. By mixing wit
conventional aggregates in normal con-
crete mixers, as in the simplest case onlf}
with air-dry sand O - 2 mm, the manufactu@
of the Nanodur high-performance concret
is comparatively simple and can be imple-
mented in any precast plant without anysl
particular effort. The successful manufac-
ture in the meantime of three double-decker
basins for the Grevesmehlen and Fluxxy;
shrimp farms [10] from unreinforced thin-
walled Drlssler Ultralith documents new
possibilities for the concrete construction
method. The assembly with reaction resifl
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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