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PREFACE

A new tradition started in 2005 that is call@ENTRAL EUROPEAN CONGRESS ON
CONCRETE ENIGNEERINGThis is a series of yearly congresses to proaiderum for
engineers of our neighbouring countries to meet ardhange experiences regularly.
Engineers from all fields are addressed workingagign, execution, prefabrication, material
production, research or quality control.

In our Congresses new achievements are presentesdptecific field of concrete engineering:
The 1% CCC Congress in Graz (Austria) 2005 was devotefitice Reinforced Concretim
Practice; the2" Congress in Hradec Kralove (Czech Republic) 2086 the main topic
Concrete Structures for Traffic Networfhe 3 Congress in Visegrad (Hungary) 2007
focused oninnovative Materials and Technologies for Concr&teuctures.; thed™ CCC
Congress in OpatiLa (Croatia) in 2008 concentradedConcrete Engineering in Urban
Development the 5" Congress in Baden (Austria) was devotedInnovative Concrete
Technology in Practicethe 6" Congress in Marianské LaziiCzech Republic) in 2010 had
the main topicConcrete Structures for Challenging Time

The 7"Central European Congress on Concrete Engineerilhgake place in Balatonfired,
Hungary. The Congress focuses bmovative materials and technologies for concrete
structures Concrete is an ever developing construction natelThere is a continuous
development on material properties, constructgbiiconomy as well as aesthetics. The
Congress in Balatonfiired intends to overview prigeiof new types of concretes (including
all constituent materials) and reinforcements a#l a® their possible applications which
already exist or can exist in the future.

Therefore, we selected the following 5 topics:

Topic 1: Tailored properties of concrete

Topic 2: Advanced reinforcing and prestressing nteand technologies
Topic 3: Advanced production and construction tetbgies.

Topic 4: Advanced conctere structures

Topic 5: Modelling , design and testing

The Congress in Balatonfured will be organized imeautiful ambient provided by the Lake
Balaton.

The host organisation of the Congress is the Huaga&roup offib. Co-organizers of the
Congress are the Hungarian Concrete Associatiortrendssociation of Hungarian Concrete
Elements Manufacturers.

We have a pleasure to invite representatives ehtdj designers, contractors, academics and
students to take part at this regional event, whidh give excellent social and technical
conditions for exchange of experience in the figlcdconcrete engineering. We are happy to
meet you in Balatonfired.

Gyorgy L. Balazs Eva Lubloy
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DESIGN OF THE M43 TISZA RIVER BRIDGE

Matyassy Lasz§ Nagy Andras Dezg Berk&
! Pont-TERV Zrt., Than Kéroly utca 3. 1119, Budapesihgary
2 Hidépit Co., Karikas Frigyes u. 20. 1138, Budapest, Huggar

SUMMARY

Motorway M43 connects Szeged with Maké in the seuthpart of Hungary. Moéra Ferenc
bridge crosses there the Tisza river. The main gbtie design tender was an esthetic shape
and innovative technology. The Fig.1 shows the astermpvisualization of the new structure
bridge for the tender.

Fig. 1 Computer visualization of the bridge

1. INTRODUCTION

The Fig. 2 shows the main data of the bridge. kel tength of the Tisza bridge is 661.20 m,
there are 2 approach bridges and a river bridgeanSpof the river-bridge are:
95.00+180.00+95.00 m. The superstructure consis&s 29.94 m wide box cross section
beam with three cells. (Fig. 3) The bridge is atragosed superstructure. Corrugated steel
web was applied between the top and bottom prastlesoncrete slabs. Those two solution
have several advantageous features in comparigbnovdinary box beam bridges: the beam
height as well as the self-weight were successfuguced resulting in a slender
superstructure. The pylon height is 20 m. The V&ly €ables are driven through the pylon
with saddles. The river-bridge is made by the to-balance cantilever method.
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96.00 180.00 96.00

Fig. 2 General view

2. DESIGN OF THE SUPERSTRUTURE
2.1 Statical calculation

For the global statical calculation of the superdire, beam elements were applied. It was a
big challenge to find a good modeling method fa tlrrugated steel web part in the statical
system. The corrugated steel web has anisotrogievi@. The Austrian bridge software
company TDV helped us to develop a new special egsto connect the top and bottom
slab. We tested this element by using several FENfying model in order to get a correct
deformation for the main girder.

prz

DX R e A T o)

20 20
2U.0U

Fig. 3 Cross section

2.2 Cross section

The main girder is a three cell box girder with fmorrugated steel webs. Every 5 m long
segment has a steel cross girder. There are D8t siressing cables in the top slab. For the
bottom slab VT external stressing cable are applié@se cables are driven trough the steel
cross girders. The corrugated steel web withstatids shear force without receiving
significant normal force from the axial tensioniiue to this effect, the tension force stays in
the slab and therefore the stressing is more @feecBhear bolts connect the top and bottom
slab via the steel structure.
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2.3 Stay Cable

The pylon height is 20 m. Eight pairs of VSL stagbles are placed in a special saddle
structure in the upper part of the pylon. The staples connect to the main girder in the
middle of the cross section. Detailing of the amahge was a very complicated engineer
problem. The steel part of the anchorage can beisdeig. 4. The steel cross girder together
with the top slab are capable of handling the lmajge forces.

AAAA—A—A—A—AT

Fig. 4 Stay Cable anchorage
3. FATIGUE AND WIND TUNNEL TEST

The Hungarian Technical University made a fatigest bf the corrugated steel web, because
there is no any guidance in the Hungarian Stanfieirslich a structure.

Wind tunnel tests were also made in order to deterrthe aerodynamic performance of the
cross section and to get data for the computerlation of the whole bridge.

Fig. 5 Fatlgue and wmd tunnel test

4. CONSTRUCTION

During the construction the most important thingswa measure the shape of the growing
cantilever. After concreting a segment the wholdde shape was measured and compared
with the calculated camber line of the superstmactu

The bridge was built by using a balanced cantilenethod. The DOKA traveler assembled 5
m long segments. First steps was the assemblyec$ttrel frame on the shore. Fig. 6. Every
single steel frame was lifted into the traveler dmpnes. By positioning the traveler, the
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difference between the measured and designed cdimégican be compensated according to
the geodesy. There are 75 segments in the supztstu

Fig. 6 Assembled eeI frame

The two cantilever were built in same time. ThemremMwo closing segment in the shore side
and the final closing was over the river. Otherstarction description can be read in the next
paper written by the constructor.

Fig. 7 Traveler in work and the VSL saddle Fig. 8 The completed bridge
before concreting

5. CONCLUSIONS

This paper dealt with an extradosed bridge combwgil corrugated steel webs, which is the
first such structure in Europe. This solution epatile bridge to get a very slender and
aesthetic appearance. During the construction gmagheration was achieved between the
designer and the contractors. As to the calculatiod detailing of the structure, it was a
challenging engineering work.
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MAJOR DEVELOPMENT IN ENVIRONMENTAL PROTECTION OF
CENTRAL-EUROPE, THE BUDAPEST CENTRAL WASTEWATER
TREATMENT PLANT

Andras Sarmdy Dr. Béla Csiki
! Hidrokomplex Engineering Ltd.Budapest, IIl. Sidat 122-124, Hungary
2 DCB Engineering Ltd. Budapest, IX. Mester uHingary

SUMMARY

As is well-known by the Hungarian public and maibly the engineering professionals the
Budapest Central Wastewater Treatment Plant, tigesa environmental development in the
area, has been put in its regular operation, rgcenthe project has been completed as a
result of cooperation of a few typical civil engameng specialities, such as; hydraulic-,

wastewater treatment- and structural engineering; and structural construction.

The paper gives a general view of the project, gmssthe main objectives, the special
conditions of the realization, the characteristitadof the water treatment technology and also
those of the technological buildings. To the cartton of the latter ones about 180.00& m
of reinforced concrete was to be used. The stractspecialities of the largest complex
technological buildings are also outlined in thpgra

1. INTRODUCTION

The Budapest Central Wastewater Treatment PlanWBOP) completed in 2010 was
realized as the most important part of a giganticirenmental development in Hungary
called Living Danube Project (EDuna Projekt).

The daily amount of wastewater originating from @0.000 households of Budapest is
almost 600.000 th Before the realization of the project the twoséirig wastewater treatment

plants of the Hungarian capital has been able teive and - by appropriate removal of
biologic nutriments - suitably treat only about tredf of the whole quantity. Namely 200.000
m?per day is treated at the Northern-Pest WasteWaeatment Plant and an other 80.000 m
per day is treated at the Southern-Pest Wastewestatment Plant.

In addition to establishing the Central Wastewateatment Plant the Living Danube Project
included also several other developments, suchihasflood control dam protecting of the
plant, the construction of the accessing road, ldpweent of three pumping stations (in
Ferencvaros, in Albertfalva and in Kelenféld), thain Collector Canal of Buda at the
riverside of Danube and, moreover, the pressurespiimm the pumping stations crossing the
Danube under the riverbed and leading to the neatrtrent plant. The proper handling of the
wastewater-sludge, the end product of the treatimesntlso been taken care of.

The total investment cost of the Living Danube Bcbjhas been about 428.7 million Euros.
This sum has been financed according to the foilgwb5% by the Cohesion Fund of the
European Union, 20% by the Hungarian State and ip#%ie Municipality of Budapest.
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The new Budapest Central Wastewater Treatment Rtardgble to treat an equivalent
wastewater quantity of 1,6 million inhabitants bg/dlry period hydraulic capacity of 300.000
m®. By the development the biological wastewatertineat capacity of Budapest has become
almost 100 %. In rainy weather the plant has tiktyato biologically treat a 500.000 tper
day, and to mechanically pre-treat a 950.06@en day of peak time water flow, respectively.

The selection of the main contractor happened tobyeway of a public procurement
procedure. The construction contract - includirgpahe whole design task - with the winner
Csepel 2005 FH Consortium was signed at the e20@5.

The Consortium consisted of four companies. Twamémecompanies, the Degremont SUEZ
and the OTV France were responsible for the tedgichl mounting and its commission.
Two Hungarian companies, the Hidéplitc. and the Colas Alterra Inc. were responsibte f
the civil design and execution of buildings, stares and objects. As a subcontractor the
Hidrokomplex Ltd. was the general designer of th@&np The leader of the Hungarian
participants was theidépité Inc.

The most difficult tasks facing the contractors barsummarized as follows:

Due to the development location keeping the sstat@ise and odour emission values were
defined to the contractors. Moreover, securing mragafaces up to 70% of the 24 hectares
building site was also prescribed. The fulfilmehtlese demands required, on the one hand,
the complete covering of the structures at thetplan the other hand, in order to occupy as
little area as possible the technologists havedifterent elements of the technology over
each other. This way the technological buildingsanee multi-storied to allow the reduction
of the occupied terrain.

2. ABOUT THE TREATMENT TECHNOLOGIES

The wastewater forwarded by the two pumping statismreceived at the plant on an initial
geodetic height, high enough to allow the wateditdw through the total treatment process by
gravity, even in case of ruling water level of banube.

Wastewater cleaning

The mechanical pre-treatment at the plant beging+#®/fine screens followed by 7+1 3D
Sedipack structures. Each of these letter strustimeludes an aerated sand-trap and a
lamellar pre-settling device. Following the medeahpre-treatment the water flows into one
of the 18 biologic-treatment water lines consistofgan anaerobe labyrinth and a sectional
aerated carousel basin. This — at each line - liswed by a final sedimentation basin
securing longitudinal streaming through, with spats® to provide disinfections, eventually.
The separated pre-settling devices and the biolegter lines can be operated simultaneously
ensuring a relatively great enough flexibility fire plant. At the end of the process an
underground pipe leads the treated water to tlez bed.

Sludge handling

The primary sludge divided at the pre-settling desiis first thickened in gravitational
condensers. Then, the condensed sludge mixedtetiexcess sludge settled by the post-
settling devices, pasteurised at a temperatureQd€ before rendering rotten in the three
thermofill digester towers. The digested sludgdoivarded into an intermediate storage
basin for thickening it gravitationally. After théhickening the sludge dewatered by
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centrifuges. The remaining sludge of about 23 t&@®Kater containment is transported away
from the plant.

Usage of biogas

The biogas created during the process of digestingpllected in 2 gasholder tanks and
burned in gas-motors (3 pieces of 1,5 MW each)iarabilers. This way, on the one hand,
the electric power demand of the plant can be gbrt{up to 30%) ensured. On the other
hand, the entire thermal energy necessary for igeditie buildings, for sludge pasteurising
and digesting can also be supplied by the usab@®gés.

3. BUILDINGS AND STRUCTURES

The buildings and structures serving the technology be divided into four characteristic
groups (Fig. 1):

1. Large structures (technological buildings of theexdines)
a. Mechanical pre-treatment building (screens, saapstr primary settling
basins)
b. Biological treatment building (basins with activétesludge and final
sedimentation devices)
2. Circular structures
a. Gravitational thickeners
b. Digester towers
c. Storage tank of digested sludge
d. Foundations of gas-holder tanks
3. Other technological buildings
a. Odour machine-house
b. Sludge dewatering building
c. Gas-motor- and boiler machine-house
d. Electrical building (power receiver and controllduig)
4. Non-technological buildings
a. Central office and laboratory building
b. Workshop, storeroom
c. Reception house

From structural engineering viewpoint the, so chll¢arge structures”, the technological
buildings are the most interesting because of twimplexity and measures. A few of their
characteristic data and design aspects are sunadanzhe next chapters.
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Fig. 1: Bird’'s eye view of the large structuresidgrconstruction
3.1 Mechanical pre-treatment building

The main (middle) level of the multi-storey buildincontains the following water-
technological basin-blocks: fine screens, sand-trapins, primary settling basins and a
system of channels securing the appropriate wker (Fig. 2). Below this whole level, at the
basement of the building there are storage andlingnspbaces and the air-blower rooms of
the whole plant. The third level (at the top of thesin-blocks), mainly, secures spaces and
walkways for handling and serving the devices dmetking the operation.

The layout measures of the large and rather compléring are about 60,0x110.0 m. The
total height of the building containing the aboveet main levels is about 15.0 m, from
which 10 m height is below the ground-surface. Tamplexity of the building well can be
seen in an axonometric view. The characteristicewptessure in the water holding units is
about 6.0 m. (The water holding capacity of eaclthefeight primary settling basins in the
building is 2.000 M for example.)

Fig. 2: Axonometric view of the mechanical pre-treant building
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Structurally the building and its dilatation unéee reinforced concrete “box-structures” with
stiff wall to wall, floor to wall and column to flor connections.

The whole building stands in one common foundatilatee. Then, the basement level and the
middle level is separated by a cross-directed esiparjoint-surface into two dilatation units.
The third (upper) level, which is above the growdface, is divided by two additional
expansion joint-surfaces into four structurallyepéndent parts.

The amount of structural concrete and reinforciteglsused for the elements of the building
IS summarized in Tab. 1:

Tab. 1: Summary of concrete and steel amounts

Concr. (m) | Steel (t) Ratio C/S (kg/f
Foundation plate 4250 578 136
Southern block 8090 1095 135
Northern block 2900 375 128
Summary 15240 2048 133

The value of the ratio of built in steel per coneret is a little bit higher, then it was
expected. The reasons for this are, on the one, Hhadsubstantial occurring of restrained
shrinkage due to the complexity of the building ,aod the other hand, the “close to square
shape” of the elements of the technological urkitg.(3). (One can hardly find an element in
the whole structure with only one load bearing ction.)

Fig. 3: View of the mechanical pre-treatment buigdduring construction
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3.2 Biological treatment building

Significant parts of the plant are the two hugddgal blocks (150x170 m each) on the two
sides of the pre-treatment block (Fig. 4). Eacltbloas 9 independent treatment lines, which
contains:

* Pre-anoxic zone,

* Anaerobic labyrinth,

* Aeration tank (61x18 m; water depth: 8.3 m),

» Degazing zone,

* Final sedimentation tank (above the anaerobic aedhlorination labyrinth),

* Chlorination labyrinth,

¢ Recirculated and excess sludge removal system,

» Scum collecting and removal system.

The water is distributed by an inlet channel, afterdhe treatment process is collected by the
treated water channel. Two main service corridavide a comfortable operation. The
whole block is covered, and equipped by a soplatgtt aeration system. Exhaust air is
handled in the separate biological and chemicaliodontrol building.

As the final sedimentation tank is situated abdneeanaerobic and the chlorination labyrinth
the built-in surface of the plant could be reducedsiderably. On the other hand even the
foundation became more practical as the base pfatee whole block could have the same
level. Interesting detail is, that the intermediatab between the labyrinth and the final
sedimentation tank may get under pressure not foafy the topside, but from the bottom

side, as well, when the upper tank is empty. Arreemé care has been taken to avoid
shrinkage problem because of the restraining effettte walls underneath.

Because of the huge dimensions (150x170 m) of libekb, each block has been split into six
structurally independent pieces by three expansioits. The transversal joint is between the
aeration tanks and the final sedimentation tanksl & the longitudinal direction two
expansion joints split the structure into threggasonsisting 3-3-3 treatment lines.

Fig. 4. Axonometric detail of the biological treatnt building

10
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As the construction time was extremely short, thidding companies decided to prefabricate
the whole cover of the building. It was a real tdvaje to design and build the wall-roof
connection especially in the case of the aeratoik,tbecause the 13 m high wall retaining
8.3 m deep water has no intermediate support &ig-or the emplacement of the elements
of the prefabricated roof Hidépitnc. developed a special crane, running on theofoihe
walls. It was the only possibility because any nalrerane wasn'’t able to this emplacement
due to the large dimension.

The base plates, slabs and especially the longswaNe been poured by smaller pieces to
avoid the problem due to the restrained shrinkagehe case of the walls usually the first

poured elements was “L” and “T” forms, or 10.6 nmdostrait peaces. The length of the

closing elements was 3-4 m.

Fig. 5: The walls during construction

In the two blocks ~100.000 Histructural concrete has been poured, the reinfoeoe ratio
was 120 kg/m

4. A FEW CONSTRUCTION DETAILS AND DATA

Following the contract signature the tasks of thengortium were the preparation of the

design-drawings to apply for building permissiotie preparation of the executing drawings
and the construction of the plant.

During the design phase the archaeological surféyedbuilding site and the required ground
works were being done.

The archaeologists found on the near 50.08@mea of the large structures - surveyed at the
same time - more than 6.000 findings from the Licwculture of the Middle Copper Age
(4th thousand B. C.), from the culture of Nagyrénd thousand B. C.), from the Celtic
migration period in the Iron Age (5th century B) @p to the findings of the Arpadian Age
(11th to 12th century A. C.).

Simultaneously with the archaeological works, as finst step of the execution, a long
diaphragm wall in the ground — surrounding the @atgchnological buildings under the
ground surface - made of clay and bentonite wasgheuilt. This watertight wall confines the

11
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working pit required to reach the foundation legteéper then the high water level of the near
Danube river. On the one hand, during the constmudhe wall made possible the proper
lowering of the ground water to secure the buildprgcess. On the other hand, during
operation the wall can localise the contaminatiarssing accidentally at the large
technological buildings. The material of the diggdm wall was Solidur 274RV selected
appropriately to the aggressive soil contaminatétth Wweavy metals. The diaphragm wall
along its lower 1.5 m length is bound into the teli” clay-layer occurring in the site at
about 10-15 m depth. Thus, a closed “basin” madelay-wall has been formed. The
diaphragm wall of 60 cm thickness surrounds thgddechnological buildings in a length of
about 2.5 km (Fig. 6).

Fig. 6: Sectional detail of the diaphragm wall

Having received the legally valid permission of aratules, the execution of the buildings
and structures started in January 2007 and wer@leted in December 2008.

For preparing and finishing the construction woaksapproximate amount of 400.000 cubic
m of ground were necessary to move, twice in palgic once at phase of digging out the
places for the structures and later on for refilland landscaping. The remaining quantity was
used to form the final “wavy” ground surface.

During the construction of the buildings and thenptex civil engineering structures about
180.000 m of structural concrete and 22.000 tons of reirifaysteel were built in (Lengyel,
Sarmay and Csiki, 2010). The necessary quantitpiérete was provided by 2 mixing plants
settled on the building site. The applied concreteure was developed specially to the large
structures of the plant in cooperation with the &émpent of Building Materials and
Engineering Geology of the Technical UniversityBafdapest. The concrete had to fulfil the
following requirements:

C30/37-XV2(H)-XD2-XA2-32-F4

« Strength (at age of 56 days on a cube of 15 cni/40n

* Impermeability (at age of 56 days in case of XV2@dyironmental class) 40 mm
* Keeping the principle of ,White tub”

12
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* Max.w/c=0.5

« Min. cement content 320 kg/m

» Consistency measured by outstretch after 15 hoursnin.
450 + 30 mm (at casting, according to the expegsnthe best consistency 500 to 550
mm)

* Non-perishability for 2 hours of the green concrete

Winter and summer mixtures were worked out for eélxecution. In the summer period in
order to reach a low value of the heat generatiBMQll/B 32.5 N-S cement was used. In
wintertime for reaching a larger initial strengtkR2 II/A-V 32.5 R-S cement was used in the
mixture (Kovéacs, Lengyel, Martin, Orban and To6t@0g).

The implementation works of the technologic-mecbtahinstallations started in October
2007, very closely after the structural works hadun. Until the ¥ August 2009, the starting
time of the trial operation all the execution workaxcepting the horticultural development —
had been completed. Thus the trial operation cbaldtarted in the scheduled time (Lengyel,
2009), and finished in the middle of 2010. Since téechnical handling over in summer 2010
the new, odourless, durable and aesthetic wastepiatet has been regularly operating (Fig.
7).

Fig. 7: The completed large structures

5. CONCLUSIONS

Recently, the construction of the Central WastewRtant of Budapest has been the largest
environmental innovation in Hungary and, moreowerthe Central European Area, as well
(Fig. 8). A short review of the main goals of th®jpct, of the applied wastewater treatment
technology and of the erection circumstances otebbnological buildings and objects have
been presented in the paper. Experiences of tlie then one year regular operation of the
plant confirm the successful contribution of theojpct to reach almost 100%-level of
biological treatment of wastewater arising in Buelstp

13



7" Central European Congress on Concrete Engine2€ifhfy Balatonfiired
SELECTED PAPERS

Fig. 8: View of the whole plant after completion
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SUMMARY

This paper highlights several projects at the desigconstruction level or completed in last
three years in Croatia. The desicribed structuradireeering projects are related with
sustainable development of the capital city Zagfetrjatic coast as well as other part of the
land through furher improvement of the Croatian enehy network. Structures described
within this paper still largely resort to concreds the predominant construction material,
although there are some examples of various coribisaof concrete and steel providing for
efficient and exceptional structures.

1. INTRODUCTION

Croatia has long-standing tradition of concretestaction celebrating an entire century of

structural concrete. This paper highlights severajects at the design or construction level or
recently completed in Croatia. Many of the struesuconstructed in course of these projects
are made of concrete, as it allows for utilizatidhocal materials and is thus cheaper.

Fast growing city and economic development of gadsrought about an increase in design
and construction of bridges and buildings: plantwed new bridges across Sava River and
new pasanger terminal at Zagreb Airport are cuyeatldesign level, while several ofice-
residental building has been built recently.

The 2% World Handball Championship took place in Janu2099 in Croatia and six large
sport halls were constructed to host the event.

Recent development of the Croatian motorway netwrklated to the upgrading of existing
routes to full motorway profile, while activitieglating to construction and maintenance of
motorways are limited by present-time financing gdoidities which are, due to global
financial crisis and recession, less favourablermdwmpared to previous periods.

In a country of over 1,000 islands, of which 66 iateabited, providing fixed road connection

to the mainland is of major importance. Therefonany bridges have been built so far, and
two undergoing projects will be present in thisgrap
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2. NEW PROJECTS FOR SUSTAINABLE DEVELOPMENT OF ZAGREB CITY
AND ITS REGION

Zagreb is the capital and the largest city of tlepuiblic of Croatia. The transport connections,
concentration of industry, scientific and researgtitutions and industrial tradition underlie

its leading economic position in Croatia. Fast gngwcity and economic development

brought about an increase in design and constructidoridges and buildings, many of them
in concrete.

2.1. New bridges across Sava River in Zagreb

Solving the problem of the inadequate capacitynef$ava River crossing in Zagreb, the City
Council of Zagreb and the Croatian Society of Stmat Engineers organized public
competitions for the preliminary bridge designs fobe two new bridges located near the
lakes, Jarun and Bundek, popular recreational podssareas. The new bridges should be
city landmarks providing six traffic lanes, andhigrail crossing. These bridges has been
designed as part of the solution for sustainableld@ment of the Sava River banks area in
Zagreb, as the most dominant natural and urbanoityf. So far, the littoral area of the Sava
River was used only as a protection from floodsorder to integrate the river into the urban
area, the regulation of the river flow is also plad to enable bringing new life to riverbanks
and the river boat service.

The Jarun Bridge is designed as a cable-stayedebedd is inserted in the urban structure at
the outside perimeter of the city. For this citydige asymmetrical layout was chosen with

one inclined pylon as a dominant structure elemBm. main span is 150 m with the overall

bridge length of 625 m. Respecting the verticalanrbm and cultural heritage, pylon height

of 88 m does not surpass the tallest building enzagreb City, the historical Cathedral.

The main characteristic and uniqueness of the Bumtalge is its urban design which is
manifested through its vertical organization anitumte toward the content of public space
and urban environment. The bridge structure isyagagrthe communication longitudinally on
two levels. The bridge has four (4) spans93 + 2- 124 = 434 m, and total length of 462 m.
The new structure forming principals, based onrggeted arches forming frames, are already
applied in the new passenger terminal design fogreta Airport, but it can be also
transformed for other future landmark buildingg. €entral metro station, as a modern style
of the 21st century Croatian capital.

Fig. 1 Jarun bridge (left) and Bundek Bridge (rlghtomputer rendering.
2.2. New passenger terminal at Zagreb Airport

Zagreb Airport, located only 10km from the centre Zagreb, is the Croatian main
international airport Zagreb Airport and handlerotwo million passengers and 12 000
tonnes of cargo annually, and it is also an impadrtailitary base for fighter jets. With
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growing passenger numbers the old terminal faeditannot handle the additional volume
and are in desperate need of upgrading. The nemralr will have around 65,600m?2 of floor

space — nearly five times greater than the sizhefcurrent terminal. The new terminal has
been designed as a result of an international teicthiral and urban planning competition in
2008, which was finally won by a consortium of beém Institute IGH, Neidhardt arhitekti

and Kincl chosen from 17 other proposals. The desigludes a retail area that will have
banks, shops, cafes and restaurants, a luxury otela direct underground link to the

terminal and a railway station. The main buildingnew terminal is reinforced concrete

structure wile roof structure is made of steel.iAternational, public tender for the selection
of a strategic partner to build and operate the passenger terminal was published in
October 2010.

Fig. 2 Winning design of the new passenger termahalagreb Airport
2.3. New public and office-residential buildings irzagreb

In the city centre two new business and residesgaiplexes will improve quality of life in
Zagreb. Office residential building currently undswnstruction, Ban Centar is located at
the most prestigious location in the historic cenfeZagreb, next to the Cathedral. The
building consists of 5 underground storeys ando8eyts above the ground level. The entire
covered area amounts to 33 222 ffhe structure is reinforced concrete frame wjthrsof
8.00 m. Recently built office residential buildin@yvjetni Centar, located close to main
Zagreb's square, occupies 42000 implan area. Out of this, the underground pacbants

for 20000 M in 6 storeys, 8 more storeys are built above tloeimt level. The structure is
mostly made of reinforced-concrete, and also oklstnd concrete combination. The
quality of life in the other parts of the city hlasen also increased by construction of the new
building complexes, such as Bundek Centre, congisif business and residential complexes
as well as sports and recreational facilities aantéls; and Arena Centre, commercial and
amusement centre close to the sporting hall.

Fig. 3 New office- reS|dent|aI centres in ZagreanGVJetnl Bundek and Arena
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3. SPORTING HALLS FOR THE WORLD CHAMPIONSHIP IN CRO ATIA

The 2% World Handball Championship took place in Janu2099 in Croatia and six large
sport halls were constructed in Zagreb, Split, €sijVarazdin, Pokeand Zadar. Building
according to public private partnership model waediin most cases and the entire
investment was distinguished by very short terntge @ll six structers are made of concrete
or combine members of reinforced concrete and.stle largest hall is Zagreb Arena, with
seating capacity of 15200.

4. RECENT DEVELOPMENT OF CROATIAN MOTORWAY NETWORK

The road network in Croatia is by far the most imgat element of the land transport. Over
the last decades Croatia made large investmentgder to complete the 1500 km long
motorway network, which shall integrate the mogitatt parts of the country. As on 1
January 2011, the total length of the motorway nétwn the Republic of Croatia amounted
to 1,240.7 km. Over last four years more efforts wat into theupgrading of existing routes
to full motorway profile (Tab.1), including construction or competition of complex
engineering structureteft-side tubes of the Mala Kapela (5.78 km) &wveti Rok (5.68 km)
tunnels were opened to traffic in May 2009. Widgnof the south-side pavement of the
Rijeka city beltway to the full motorway profile waompleted at the end of 2009, including
construction of the new Rjma Bridge. Upgrading of the Istrian Y route to fa# motorway
profile is currently in progresslO km long section of motorway Al: Zagreb-Split-DoNmik
between Rata and Vrgorac, including four viaducts, five ovespes and one tunnel, was
completed at the end of June 2011. At the beginafniuly 2011 construction of new cable-
stayed bridge across Drava River as the most cdrapséve project of the motorway A5
between Beli Manastir and Osijek was announced.

Tab. 1 Motorway network in service 2008 — 2010

Year New motorways Upgrading to the full Total network
[km] motorway profile [km] [km]
2008 41.50 36.90 1198.70
2009 42.00 20.32 1240.70
2010 0.00 28.00 1240.70
2011 (planned) 11.50 67.00 1252.20
Total 95.00 155.22 1252.20

According to the Strategy of Sustainable Developno¢the Republic of Croatia a high level
of Croatian motorway network development has stwéan achieved. In the current four-year
period (2009 - 2012), all activities relating tanstruction and maintenance of motorways are
limited by present-time financing possibilities whiare, due to global financial crisis and
recession, less favourable when compared to preyaur-year periods.
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Fig. 5 Twin Rj€ina Bridges (left) and the bridge across Drava Ringar Osijek (right)

5. UNDERGOING PROJECTS FOR SUSTAINABLE DEVELOPMENT OF
ADRIATIC COAST AND ISLANDS

Croatia is a country with more than a thousandaga Connection with the mainland is of the
greatest importance for the development of the atdricoast and islands. Therefore, many
bridges have been built so far, and two undergpmogects will be present in this paper.

2.1. PeljeSac Bridge

The bridge across the sea strait between Croateinland and the PeljeSac peninsula is a
major new investment in the region. The southerrt p& Croatia, including the city of
Dubrovnik, is currently separated from the res€Cobatia by a small coastal stretch belonging
to the state of Bosnia and Herzegovina. The idefixefl road link to connect the whole of
Croatia, without having to cross state borders évhas been investigated for more than a
decade. The new bridge crossing the sea straigeetthe Croatian mainland and the PeljeSac
peninsula shall fulfil this purpose and also furttiee development of the PeljeSac peninsula
and adjacent islands. The total bridge length4skgh, and it consists of 17 spans. The central
bridge is a cable-stayed bridge with a main spab68f m — the second longest cable-stayed
span in Europe . The bridge superstructure is médeeel. The pylon below the road level is
made of concrete, while the upper part is to besttanted in steel. The pylons are founded on
open caissons with depth of 90 m below the sed.|&ancrete piers are founded on tubular
steel driven piles with the concrete pile cap atdba level. There is a specific requirement on
the construction of the bridge issued by the Camaiinistry of environmental protection,
physical planning and construction regarding thagmtion of Mali Ston bay shellfish culture.
The construction of the bridge is currently in mexs, although the speed of construction is
limited by present-time financing possibilities.

Fig. 6 PeljeSac Bridge: computer rendering (lefi) aonstruction site (right)
2.2. Mainland —Ciovo Island Bridge

The new Mainland €iovo Bridge in Trogir is planned to relieve traffiongestion on the
existing movable bridge, which is close to thedristtown centre. Historic centre of Trogir is
under UNESCO protection, thus the terms of competitvere very restrictive. The bridge
was to be designed as almost invisible, with tignatent as low as possible and no structural
members above the roadway. One span of the bridgetavbe movable to allow the passage
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of sailing boats. The bridge is designed as contiswsteel beam-type bridge, while columns
are made of reinforced concrete. The bridge isfB36ng, consisting of 14 spans. The largest
span is 43.3 m long and includes a bascule briBgsigners chose the bridge which is
simple, with as few structural members as possibls a slender superstructure, with
structural members of continuous contours whidhaisame time reflect the force flow.

Fig. 7 Computer rendering of the Mainland’ievo Island Bridge
6. CONCLUSION

Sustainable development requires a holistic apjprdacsecure environmental protection,
economic development and high quality of life. Thigper highlights several undergoing
projects at the design or construction level oently completed in Croatia. Investments in
infrastructure, buildings and other engineeringicttires need to be carefully balanced with
the requirements to protect natural and man-maderoement, in the sense of both

environmental or aesthetic degradation.

Structures described within this paper still lagget¢sort to concrete as the predominant
construction material, although there are many giesnof various combinations of concrete
and steel providing for efficient and exceptionaustures. We do not consider this as a
shortcoming, but an added value to concrete strestwhich enabled bridging of larger

distances and rising to greater heights.
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SUMMARY

The new Troja Bridge in Prague, which is now undenstruction, has a main span of
200,4 m long. The steel network arch with the keidipck made of prestressed concrete
represents an advanced bridge structure. The cotistt combines several technologies,
including incremental launching and assembly ofaraeh from the bridge deck supported on
temporary piers in the river.

1. INTRODUCTION

The new Troja Bridge is a part of the road systelickvis built within the Blanka Tunnel
Complex. It carries 4 lanes of road, 2 tram trackbjch connect the city centre to the
northern parts of the city, and also two wide pé&thas lanes used also by cyclists. The bridge
crosses the Vlitava River. The bridge has two sp#res;main span crossing the river is
200.4 m long and the side span on the Troja rigersivhich is 40.4 m long. The bridge is
about 35 m wide. There are no supports locateldamniver.

In 2006, the architectural competition was orgathibg the client (City of Prague) and the
winning project submitted by J. Petrak and L. Sa@#ktt MacDonald Prague) and by R.
Koucky and L. Kabrt (R. Koucky arch. office, Prayue under construction. The bridge
should be open to traffic in June 2013.

2. DESCRIPTION OF THE BRIDGE

The main span and the side span are almost indepesuluctures; there is an expansion joint
over the pier no.2 between them. The basic thentbeklegance of the bridge lies in the
ratio of the rise and span of the arch of 1/10. Sleader network arch structure of the main
span is a tied arch (rise of the arch is only 2Quitf) inclined hangers (Fig.1 and 2). The arch
is made of steel — the central part is formed byudtiple box section (Fig.3), which is then
divided into two legs on each side approachingotidge deck at the ends of the span. The tie
of the arch is located above the bridge deck asdaheomposite steel concrete cross-section.
The longitudinal tensile force is carried mainly ®yrestressing cables located inside the tie
section. Each cable is composed of 37 strands(05%7 mm). The bridge deck is completely
made of prestressed concrete. The deck has traespeecast prestressed beams (C70/85)
(Fig.4), which are suspended on the composite rig \&hich support a thin prestressed
concrete slab (C50/60). The concrete deck carhesttam tracks and the road lanes, the
pedestrian lanes are located on steel cantilevers.

The side span is completely made of cast in sinciae (C50/60). The two longitudinal
beams form the main load carrying element. Thestrarsal beams have the same shape as
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those in the main span. The slab on the top is\asp similar to that in the main span. The
complete structure is prestressed longitudinally ansversely.

200.4 40.4

Q000

QRS

QORUXXXXX
RS

Fig. 2 Longitudinal section

3. CONSTRUCTION OF THE BRIDGE

The construction process of the main span was @ttobf many discussions. Initially the
design assumed the process when first the archthathie and hangers would be built and
then the bridge deck would be subsequently assenanld cast above the river. Due to the
slenderness of the arch and very soft steel steictbe contractor saw many risks in such
construction process. Also the economical evalnatvas not favourable. Considering many
alternatives, finally it was decided to build thecH first and then to assemble a steel arch
using the deck as a fixed platform. A limited spaceboth sides of the river resulted in the
following construction process.

The steel tie and the precast beams are assemhlettheo Holesovice riverside at the
production yard. Since the bridge has no stiff lardjnal element, a temporary steel truss is
used in order to work as a couple of stiff longihad beams. Top chord of the truss is
definitive — the tie of the arch. The bottom chamtl the diagonals are temporary and they
will be removed after completion of the bridge. Bheemporary piers were built in the river.
The temporary truss with the precast transversainisdas assembled in the production yard
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VZOROVY PRIGNY REZ l.— Steel arch
| \

— Cast in situ slab

Steel-concrete
composite tie

Precast transversal

HOLESOVICE TROJA

29.5

{ il
Fig. 4

Precast transversal beams stored on thpraiteto assembly

and then incrementally launched across the rivestaps 16 m long using the temporary
supports (Fig. 5). A short launching nose was usddont of the temporary steel truss. The
hydraulic system with 8 cylinders with the capaafy60 t each was used for moving the
structures forwards. The stroke of cylinders waB 26n. The structure was suspended on 8
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steel bars. A special independent braking device wgad when the steel bars where moved to
the next position between individual launching sg&agThe structure was launched initially
upwards to the slope of almost 7%, finally downveadlde to the geometry of the bridge. The
maximum capacity of 8 cylinders was used only fehart time. In the most of the launching
process only 4 cylinders were able to push thecttre. Very simple sliding bearings, where
the bottom steel flange of the temporary truss rdogigectly on the teflon plates, were
designed. No stainless steel sheets and insertiedh fglates were necessary. The friction
coefficient varied between 2 and 4%.

After launching, the end elements (footings) of #neh will be connected to the tie and the
end transversal beams will be cast in situ. Thes efidhe steel arch will be embedded into the
end transversal beams. Their steel structure isemely complex. The anchorage of 6
prestressing cables (each composed of 37 straepgssents a large force which has to be
transferred to the steel arch. A number of stiffena the steel structure of the arch footing
would be too high. Therefore the footing will bdlefil with high strength self-compacting
concrete (C80/95). The self-compacting concreté lval pumped into the steel structure in
several layers approximately 2 m thick. The comcnetll distribute the forces from the
anchorage into the entire steel section. The wedtledls and steel reinforcement are used for
connection of steel and concrete.

A complete deck slab will be subsequently cast ftbenends to the centre of the main span in
the sections again 16 m long. The formwork willtbensported on ships, lifted and finally
anchored to the transversal precast beams. Theveeal prestressing will be activated
immediately when the appropriate strength of caecre achieved. When the slab is
completed, approximately 1/3 of the longitudinagiressing force will be activated. The slab
supported on the temporary truss and on the 5 teampagupports in the river will form a
platform with sufficient load carrying capacity fttre assembly of the arch.

The steel parts of the arch will be delivered te bridge deck and welded together into 3
parts of the arch. The temporary towers will bdtlan the deck. The three parts will be then
lifted to the position and welded together in ordercomplete the arch (Fig.6). All the

manipulations with steel elements on the arch tadlcarried out using hydraulic systems
without any heavy crane. The hangers then may $talied and slightly prestressed to the
stress level about 10% of their strength in oradeavoid their excessive deflection. Very
small deformations of the arch are expected indtage which allows for a relatively precise
specification of forces in hangers. All these dtgg will be executed in stable temperature
conditions, preferably during the night. An exteesimonitoring system will be used for

detailed check of forces in individual hangers.

Then it will be possible to activate the seconcdelesf the prestressing in the longitudinal

direction, interrupt the bottom chord of the tengygrtruss and release the supports in the
river. The bridge will deform and all the hangeexdme activated simultaneously. After that
it will be possible to remove the temporary truisalize the prestressing (level 3) in the

longitudinal direction and complete the works oa bridge (pavements, lighting, tram rails,

etc.).

The side span will be cast in situ on the fixedfetding and then prestressed. The side span

will be cast in three stages after the completibthe launching process and will be used for
delivery of steel parts of the arch to the maimspa
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Fig. 5 Incremental launching of the steel truss precast transversal beams
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Fig. 6 Assembly of the arch

4. CONCLUSIONS

The structure of the new Troja bridge is rather plx On the other hand the bridge is
elegant and fits well into the environment of tleereation area of the city, which will be

further developed and in some years it becomesn&ratearea. The city representatives
decided to build this bridge because the arrangear@hshaping of the bridge, with a span of
200.4 m, form an internationally unique structuf@king into account the tradition of

architectural development of the historical cityRegue it is certainly the right decision.
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Now (June 2011) the launching process has beenletedp The steel elements of the arch
are produced in two factories — in Metrostav andMI@E. The short construction time
requires excellent organisation of all activities the site and in factories. The structural
performance is monitored using many strain and &atpre gauges installed on the main
parts of the structure. Additionally the detailedrv&ying provides information on
deformations and movements of the structure. Exatudf complex details is verified on
models or trial structures in the scale 1:1. Thecekng team believes that it is able to
finalize this sophisticated project on time anddequate quality.

5. MAIN PARTICIPANTS OF THE CONSTRUCTION

Client: City of Prague

Client represented by: IDS — Engineering ofi$g@ort structures.

General consulting office: Mott MacDonald PragueK®ucky, arch.
office

Consulting office — steel structure: Excon, j.s.c

Supervision and construction process analysis: Klawa Partner, Ltd.

Contractor: Metrostav j.s.c.

Steel production: Metrostav j.s.c., MCE Czech bhamc
Slany

Concrete production: TBG Metrostav, Ltd.

Other partners: VSL-CZ, Ltd., SMP CZ, j.s.c., SMT.

MTEK, Ltd., CCE, Ltd. PONTEX, Ltd.
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SUMMARY

The presented paper considers two railway bridgesrevthe longitudinal deflections of the
bridges due to temperature loading have been nreditover a period of one year. The
background for the one year monitoring was to ifernthe real seasonal variation of
longitudinal deflections and to compare the meabwadues with results of the calculation
according to Eurocode. The monitoring results shdlmgt the measured longitudinal
deflections of the bridges are much smaller thanctedculated values and that big differences
of the bridge deck temperature and the air tempegaire present on-site. The results are an
important basis for the further development of Bueocodes and the design of bearings and
dilatations.

1. INTRODUCTION

In the design process of bridges the temperatuading has to be chosen according to
Eurocode 1. The bearings and dilatations of bridggge to be designed for the calculated
temperature range. The Eurocode demands to appéryalarge temperature range and in
addition safety factors have to be taken into antothe result is that bearings of bridges
become very large dimensions and hence expensive.

The objective of the performed measurements wadetatify the real seasonal variation of
longitudinal deflection of railway bridges. Theregp a monitoring system was installed at
two different construction types of railway bridgekere the longitudinal deflections and the
structural temperatures of the bridges have beeantared over a period of one year. The first
bridge is the new bridge over the Salzach riveSaizburg, Austria. It is a 3 span steel-
concrete composite bridge with a box girder cresgien of steel and a concrete slab with a
total length of 157.26 m. The second bridge isRé26 Bridge at Koralmbahn in sytria in
the southern part of austria. It is a conventidnapan concrete T-Beam Bridge with a total
length of 77 m.

2. MONITORING OF SALZACHBRIDGE

The Salzachbridge in the city of Salzburg consibttloee single-track steel-concrete
composite structures. The bridges have three spadisspan lengths of 50.63 m, 56 m and
50.63m, i.e the total bridge length is 157.26 me Thoss section of the Salzachbridge is a
steel-box girder with a concrete composite plage Big. 1. The box girder has a rounded
edge on the bottom side of the cross section. Aitee tbridges are not connected to each other
in longitudinal direction, i.e there is an expamsjoint between the bridge structures of rail 1
and 2. The two piers of the Salzachbridges aresdlat the river Salzach. The fixed bearings
of the bridges are located at the abutment. Aleotiearings at the piers and at the abutment
Freilassing are free moveable in longitudinal diget
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Fig. 1 Picture of all 3 structures of the Salzaddp, bridge 1 to be monitored i
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n the front
Fig. 2 shows the front view and cross section of thalzachbridges. The installed
displacement sensors W1, W2 and W3 are locatdeeatiutment and bridge pier Freilassing,
respectively. The temperature sensors T1 — Toratalied in the centre of the midspan. The
sensors T1 — T4 are installed at the surface ofsthel girder and they measure the steel
temperature. The sensor T5 measures the air tetapemaside the box girder. In order to get
information of the seasonal air temperature a teatpee sensor T6 was placed outside of the
girder close to the bridge.

Front View

FRANZ - JOSEF KAl 157.26 -
50,63 ) 56,00 . 50,63 1

<= FREILASSING

Moveable

bearing bearing

Cross Section

T™W1
GLEIS1
TW2
GLEIS2
TW3
GLEIS4

Measuring of longitudinal
deflection bridge rail 1

Fig. 2 Front view and cross section of Salzachlerigh installed sensors
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The Fig. 3 shows the seasonal variation of longidlitdeflection and of steel and air
temperature inside the box girder of the Salzadgeri

Seasonal variation of longitudinal deflection
Salzachbridge - Duration June 2008 - June 2009
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Seasonal variation of construction and air temperat ure
Salzachbridge - Duration June 2008 - June 2009
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Fig. 3 Seasonal variation of longidutinal deflentend of steel and air temperature inside the
box girder of the Salzachbridge

The result of the measurements show that seasongidutinal deflection of the bridge is

from +43 mm to —12 mm which is a total deflection5® mm. The maximal temperature
variation is from +25 to -5 °C which is a total seaal temperature variation of 30°C
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In the design process of the Salzachbridge a mdvge@sonal temperature variation of 84°C
was chosen according to Eurocode EN 1991-1-5 asdfety factor of 1.5 was taken into
account. Hence, the calculated total longitudinaflettion wasAw,cyc = 84°C*1.5*1.0e-
5*157260 mm = 198.15mm. The comparison of real mnesbk and calculated deflections
show that the calculated values are nearly 4 tinggzer.

Fig. 4 shows the seasonal variation of air tempeeabutside of the box girder with a
maximum and minimum of 32 °C and -15 °C. The congpar with the temperature of the
bridge structure show that the bridge responds skenyly to changes of the air temperature.
A temperature difference of -7 °C and +9 °C wassuezd.
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Seasonal variation ofalr temperature in C Temperature of Bridge Structure
40 40 4
351 35
30 T N 201
25 AN /-\ O 5 ¢ ATBruc e:'7t
N——1 _—1 =
5; 20 ____\ ™ / 2 zo—ww . 1.
T 15 — g 154 a i /WW 3
2 10 — \ \5_/ /“ = ’Lqi‘ . - | il
g s s N (P a
E : \\ ? Yy ‘*—‘W
S Edos— Julos— Sepos RNGS— Der 08— Feh-097 Mar-09— Mal-09— Jul.09 .
1 2 AhT l-.9¢C
-10 2 -10 T
-15 \\// S iggos Aug 08 Okt 0 Noy 0 *‘ar‘ 09 mufn’; 09 proa Lur) 09
20 201
Monat M7 TB—T4 - T5
‘—Tm — AMAX = Amin ‘

Fig. 4 Seasonal variation of air temperature ctogbe bridge and temperature of bridge
structure

3. MONITORING OF FW26 BRIDGE AT KORALMBAHN

The railway bridge FW26 at Koralmbahn in sytria tiee southern part of austria is a
conventional 5 span concrete T-Beam Bridge witbtal tength of 74 m, see Fig. 5. It is a
railway bridge with spans of 11.6m + 3x16.0m + 14.dnd two separate superstructures for
each rail.

Fig. 5 Pictureo FW26 idge at Koralmbahn in Gtria, Ausria
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Fig. 6 and Fig. 7 show the ground view and crostiae of the FW26 bridge at Koralmbahn.
The installed displacement sensors W1 and W2 atalied at the abutment Klagenfurt. The
sensors BT1 — BT4 and BT6 are installed into thecoete structure also at the abutment

Klagenfurt. The temperature sensor LTS5 measureaithhemperature.

Fig. 6 Ground view of FW26 bridge at Koralmbahnhaltcation of installed sensors
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Fig. 7 Cross section of FW26 bridge at Koralmbalith Yocation of installed sensors

Fig. 8 shows the seasonal variation of longidutideflection and of concrete and air
temperature of the FW26 bridge. The result of messants show that seasonal longidutinal
deflection of the bridge until now varies from -fin to +16 mm which is a total deflection
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of 28 mm. The maximal concrete temperature vamaiofrom -7 to -25 °C, which is a total
seasonal temperature variation of 32 °C until now.

Seasonal variation of longitudinal deflection
Object FW26 Koralmbahn - Duration 22.11.2010 - 13. 06.2011
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Fig. 8 Seasonal variation of longidutinal deflentend of concrete and air temperature of
FW25 bridge at Koralmbahn
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In the design process of the FW26 bridge a maxsaakonal temperature variation of 75 °C
was chosen according to the previous Austrian St@h®Norm B4703 and no safety factor
was taken into account. Hence, the calculated totgitudinal deflection wa&w,cac = 75
°C*1.0*1.2e-5*74000 mm = 66.6 mm. The comparisonredl measured and calculated
deflections show that the calculated values tilwrave nearly 3 times higher.

Fig. 8 shows also that the difference of air terapge to bridge temperature is up to 8 °C
(+11 °C air temperature and +3 °C bridge tempeedtur

4. CONCLUSIONS

In order to identify the real longitudinal deflemti of railway bridges altogether two bridges
were attached with a permanent monitoring systethtia@ deflection and temperatures were
measured over a period of 1 year. The results @itlbasurements show that the measured
longitudinal deflections of the railway bridgesnsich lower than the theoretical calculated
values according to Eurocode and/or ONorm. Thelteshow also that there is a big
temperature difference between actual air temperamnd bridge temperature, i.e. the bridges
are reacting very slowly to changes of air tempeeat

It can be summarized that the regulations accortbingurocode concerning the temperature
loading is very conservative and follows a highesafcomparing to the measured bridge
temperature. Especially the safety factor whichdse® be taken into account according to
Eurocode is very high. Thus, huge bearing elemamiisexpansion joints are resulting of the
calculation which are expensive and complex fonesiance.

The measurements results are now an important Basishe further development and
improvement of the Eurocodes and the design ofitigsmand dilatations.
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SUMMARY

The pore structure of cement-based materials wiofary importance for understanding and
modelling the transport phenomena that influenbesdurability. Several methods have been
developed to observe and quantify aggregate sidalistribution, crack size and distribution

as well as pore structure of concrete. In thisystud would like demonstrate the potentials of
Computer Tomography (CT) to study the three dinrai(3D) microstructure of concrete.

1. INTRODUCTION

As a new, non-destructive analysis method, the GmempTomography (CT) technique

originally was used for medical analysis. During thme of data processing the quality of the
picture depends on many factors. The displayed énimgalculated from electrical signals by
the imager, so it is not a real picture like a itradal photograph or a radiogram. The
theoretical foundation was made by Hounsfield andh@ack in ‘70s .

X ray is weakening as it goes through different eniats and textures. The degree of
absorption is smaller or higher in materials ofatiént densities therefore it depends on the
attributes of the measured materials. The capglafitX ray absorption can be characterized
by the coefficient of X ray absorption. If the tef@r of energy is constant, the absorption of X
ray depends only on the material through whiclo#g This degraded radiation reaching the
detectors generates electrical signals dependetiieantensity of radiation

As the system of tube detector turns around théysed object during the time of data
collection hundreds or thousands of measuremeetsnade by the CT while the incoming
data is organized into a matrix. At the end of phecess the imager calculates each element
of the matrix and assigns a scale to the pointhefmatrix whose points are actually the
coefficients of X ray absorption. This scale is #dwecalled Hounsfield scale, its unit is the
Houndsfield unit. (Nobel Prize was awarded joirtlyAlan M. Cormack and Sir Godfrey N.
Hounsfield for the development of computer assigtadography in 1979.) Assigning the
different values of the matrix to the appropriatdues of the Hounsfield scale the image can
be displayed. We can visualize the image usinggjireed colour tables or our own colour
ones.

The Hounsfied scale is a calibrated one where #haevof air is -1024 HU, and the value of
water is 0 HU .
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The experiments were made with Simens Sensationw@i multislice technique. The
resolution of a matrix depends on several factosng the best resolution of our CT the
smallest size of a cell of a slice can be 0.1 mdnlxmm x 0.8 mm in reality. The duration of
time of the measurement can be set within the rah@el to 1 second for one slice

2. CT FOR NATURAL ROCK

Several techniques and evaluations were developeDiagnostic Institute of Kaposvar
University for petrophysical, lithological and sttural characterisation of different rocks
based on CT measurement. With the help of CT measents rock samples can be measured
in their original state without any destruction.eT@T measurement also makes it possible to
study dynamic systems which can vary in time anddtermine the various parameters of
these system@ogner et al 2003, Foldes et al 2004, 2011)

The Hounsfield values of the different minerals evdetermined and it was found that there
was a strong — but not perfect linear relationsigtween the Hounsfield unit of the minerals
and their densities. Taking the above mentioned iféo consideration the image, derived
from the data matrix of the CT measurement, cahdmelled as a density map of the specified
slice of the rock sample. After displaying this dién map, the main features of the sample,
such as granularity, joint, fractures, sedimental@gfeatures, changes in lithology, can be
clearly seen. Displaying the images of the sliaes after the other the inner characteristics of
the rock samples (core samples) come to light. Hioensfield values of the cells are
influenced by two factors. The first factor is tHeunsfield value of the mineral grains of the
specified cell, while the other factor is the Hdigld value of the pore space filled with
liquid and/or gas (air)

If a rock sample is properly prepared, draineduvated out, then saturated with liquid, its
effective porosity can be determined by the CT meament since the effective pore space of
the cells (which can be filled up with liquid orgjacan be specified that is the effective
porosity of each cell can be quantified. With tlegphof the CT not only the final stage of the
saturation but also the behavior and state of #teration of each cell can be investigated at
regular time intervals. Since the saturation ofdéks can be measured in time the complexity
of the interior structure of the cells can becomewn. The saturation of the rock samples
with liquid may result in flushing out of the dryaterial content such as drilling mud, left
over in the samples. This process can be alsotigaésd by means of CT measurements. If
the value of the effective porosity of a cell hasciime known (calculated) then the
Hounsfield value of the mineral grain or grainglod cell can be also calculated. On the basis
of the above fact the mineral composition can lerd@ned in a case of a coarse grained rock
in which the grain size exceeds the resolution,@rdbe estimated in a case of a fine grained
sample in which the grain size is smaller thanaglied resolution.

Further investigations can be made using diffeligoids, acids or gels. With the help of the
repetition of measurements at the same positioanalgsion can be drawn on the mineral
composition and the petrophysical properties of tbek samples and on the interaction
between the various acids or other types of ligund the rock samples.
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3. CT FOR CONCRETE

Computer Tomography (CT) seems to able to demdasttansity differences in concrete

sections. Further analysis of several subsequentioee may lead to 3D visualisation. In

order to carry out CT measurements concrete spesinmeed special preparation (1)

preparated concrete sections are measured (2)etengpecimens are vacuum cleaned (3)
concrete specimens are by water (4) saturated eensample are scanned (5) effective pore
structure is analysed (6) pore structure can bel ueestudy e.g. freeze-thaw and fire

resistance.

Test variables werfor concrete specimensilica fume content (0, 3, 9#%) and maximum
temperature (-20, 20, 50, 150, 300, 500 and 1000°C)

Concrete compositions:

Mix1: cement 400 kg/rh water 140 kg/rf) aggregate 1888 kgfplastificator 6 kg/m

Mix2: cement 400 kg/fh silica fume 12 kg/m) water 140 kg/rf) aggregate 1871 kgAn
plastificator 7.2 kg/

Mix3: cement 400 kg/fh silica fume 36 kg/h) water 140 kg/rf) aggregate 1840 kgAn
plastificator 8 kg/r

Studied characteristics were: porosity, effectieeogity surface cracking, spalling, reduction
of compressive strength. The porosity and the dffecporosity were measured in the
laboratory with experiments and by computer tompigya Test result are demonstrated in
Tab. 1.

Tab. 2 Measured porosity values

Total Total porosity Effective Effective porosity
porosity [%] | measured by CT [%]| porosity [%]| measured by CT [%)]
Mix1 9.23 7.373 8.00 8.41
Mix2 11.67 9.07 9.49 6.89
Mix3 9.62 7.30 8.29 8.92
Mix4 10.38 6.72 (unsaturategd) 8.59 4.1 9fshturated)

Our observations:
- The ratio of effective and total porosity (1.15)Mix1 was the smallest. Mix1 was the
unfavourable in case of fire (the specimens sppHded freeze-thaw resistances.
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- The ratio of effective and total porosity of Mixa&as the biggest (1.23). Mix 2 was the
favourable in case freeze-thaw resistances.

- The best fire resistance was observed by Mix 3, ¢bald be explain with the high
strength of this composition.

- The porosity and effective porosity values havéugrices on the fire and freeze-thaw
resistances. Informations on distribution of paseslso necessary (Fig.2).

Watercontent: 0 1 2 3 5 10 15 20 25 80%

—

Fig. 2 Saturations map of concrete segments

4. CONCLUSIONS

The pore structure of cement-based materials @iofary importance for understanding and
modelling the transport phenomena that influeneediirability.

Computer Tomography (CT) seems to able to demdastlansity differences in concrete
sections.

Preliminary tests were carried out on four différenncrete mixes in order to determine
porosity and effective porosity. These measuremeardyg help to judge the durability of
concrete.
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SUMMARY

The wish to avoid waste material from a quarryf@nufactured sand production, has created
a challenge because of the negative influence efities on workability. The present work
suggests methods to modify the fines to meet ttalerige. Extensive progress has been
made in order to develop a consensus method féorpeance based testing of ASR, allowing
utilization of many local potentially alkali-siliceeactive aggregates, enhanced flexibility for
the concrete producer with respect to materialctele and optimization of the concrete mix
design. The idea to further develop the expanday IWA to get a strong but thin outer shell
and a light but strong internal structure has begriored, and the present work show that a
considerbale strength improvemnt can be reachdwutittcompromising the density.

1. INTRODUCTION

Continious stricter environmental requirementsns driving force for innovation in concrete
construction with all its elements. This is alsoetifor the aggregates. As natural aggregate
resources near urban areas terminate, the avayatiininishes and the transport distances
increase. Also, the search more tailor made coesrenforce research on the aggregates. In
line with this, COIN - the COncrete INnovation Cenin Norway (www.coinweb.nd focuses

on three areas within aggregate research: 1. Highlitp Manufactured Sand for Concrete.
The objective to develop manufactured sand to gorerete properties equal to or better than
concrete with natural sand. 2. Development of dighdweight high strength aggregates,
LWA. The idea is to further develop the expandeayy dlWA to get a strong but thin outer
shell and a light but strong internal structureP8tformance based testing of alkali-aggregate
reactivity of aggregates, AAR. The objective isd@velop a reliable and performance based
test method for assessment of the alkali reactiwitiaggregates, knowing that the existing
methods may be too conservative and thus may erusheexclude aggregate sources.

2. HIGH QUALITY MANUFACTURED SAND FOR CONCRETE

As described in a State-of-the-awigum et al, 2000 there is an increasing miss balance
between the need for aggregates in the society taadavailable geological sources
traditionally used for concrete. Some of the gléaioal deposits in Norway best suited for
concrete purposes have an expected lifetime oftlems 10 years. Transportation distances
from the good resources to the urban areas in@easkconsequently also the environmental
impact. The need to develop technology for 100 #afsnanufactured aggregate in concrete
is then obvious, and is the main objective of thenhfactured Sand project in COIN.
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Naturally weathered sand differs from most finestied aggregates (manufactured sand) by
grading, particle shape and surface texture. Ttierdhces are more expressed if the crushed
fine aggregate is a by-product (also known as “@vaand” or leftover rocks from quarrying)
of coarse aggregate production and no special gsoug techniques are utilized to improve
the characteristics. Typically crushed fine aggregaould incorporate a lot more fines,
different particle size distribution (than natusdnd) and be more angular with rougher
surface. Due to these differences concrete witehed aggregate often displays higher water
demand and lower workability that the correspondingcrete with glaciofluvial aggregate
(Ahn, 2000, Quiroga, 2003, Westerholm, 2006, Kinalet2008.

Two different approaches can be used to enableahsfer from natural to crushed aggregate
possible. 1) The first is trying to copy “mothertun@” by putting extreme effort into shaping
of aggregates and design of grading curves. Thig Imeaexpensive and would also make it
very difficult to achieve mass balance of the gearr2) The other way, which in most cases
is more realistic, is to learn how to use matenaith different properties. This would mean
finding an approach on how to effectively improve taggregate properties to make them
“good enough” for different applications. The kayduch an approach is more innovative
concrete mix design and increased knowledge omtheactions of fine aggregates with other
concrete constituents (such as superplasticizensents etc.).

The properties of the manufactured sand can begelgam many ways. Thus the main task
for the first phase of the COIN-project has beesttaly the effect of different parameters and
to distinguish which ones are the most relevaiaanvestigated in more detail. The issue of
using manufactured sand has been divided into foam keystones based on the main
differences between natural and crushed fine agtgegl) the shape of the particles below 4
mm,; 2) particle size distribution; 3a) the questanvery high filler (< 125 pm) content —
how much should be removed; 3b) particle size iBigtion of filler (< 125 um) — using new
technologies such as air classification it's evessible to modify the filler itself for example
by removing basically only particles below a certsize; 4) to what extent and in what way
should the concrete mix design be changed.

Rather extensive studies on aggregates from 3tedl@aarries have been carried out and are
still in progress within the project. The most siggant results so far Gepuritis, 201)
indicate that the filler part and particle sizetdmition of the fine aggregates are the
parameters that have the most crucial effects enfrssh concrete rheology. The effect of
those has been found to be best expressed by paok#asurements that confirms some
recognized previous research resulsrfaris and de Larrard, 19938 Though some other
phenomena related to specific surface has also bbsarved we presently still do not
understand fully why packing measured on packed fiarticles relates to the properties of
the same particles when dispersed in a lubricaitlmgse together with coarse particles. This
must be further investigated. Based on the prdssmwledge we may conclude that most of
the efforts for the future research should be fedusn the filler phase of the manufactured
fine aggregate and how the fillers interact witl tither concrete constituents.

3. DEVELOPMENT OF HIGH PERFORMANCE LIGHTWEIGHT AGGR EGATES

Expanded clay is a common used material for adifitghtweight aggregates (LWA) for
concrete. For this purpose the material should @oenla low density and low water
absorption with a high strength. Expanded clayradpced by adding oil as an expansion
agent to clay and firing in a rotary kiln. The rfida of the kiln gives the product a spherical
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shape and the development of gaseous carbon oxgierated by the reduction reaction of
iron-(ll)-oxide through carbon (motor oil) - leattsthe expansion and the porous structure of
the aggregate.

By increasing the strength of LWA without compromgsthe density, new application fields
could be opened up. The strength and density ofigheveight aggregate depends generally
on the composition of the clay, the amount and typadditives used during the production
process, the heating rate, the cooling rate, thre ptsucture, the total porosity, the surface
structure and the final composition after burni®ge approach to increase the strength of the
brittle LWA matrix is to reinforce it with small ginless- or carbon-steel fibres. For this
purpose the fibres are mixed into the clay befored. Challenges for this approach are the
shape and thermal resistivity of the fibres. Thaafoecement has to withstand the high
temperatures during the burning process while matdring the expansion of the clay. Since
the matrix of the LWA consists of a high amountgtdss phase (usually around 85 %) the
expanded clay aggregates could be toughened thitbegmal pre-tensioning like a flat glass.
The idea is to create a tension in the outer sifethe pellet by quenching it. This tension
counteracts an applied mechanical stress and toagtierefore the material. Quenching
could on the other hand lead to irregular stregs®de the pellet due to the inhomogeneous
and porous structure and weaken the material.isnciise slow annealing of the product after
the burning process could lead to an increaseagttre Furthermore, the cooling rate will
influence the ratio between mineral phases and glhase. With a slower cooling rate or by
keeping the sample at certain temperatures crgstaith could be promoted and a higher
strength level could be reached.

Besides fibre reinforcement and different heatttnesmts the usage of additives is another
possibility of influencing the strength of the aggate. Si@ in the form of reactive silica
fume influences the viscosity of the matrix withifire expansion process. A higher viscosity
leads to a more equal distribution and size of lsiwvhich are formed during the expansion
process. The pore structure of the end productichwtesults from the formed bubbles - will
influence the strength of the aggregate. Traditidd&A has uneven pore structure of
ordinary expanded clay which could be improvedHh®/usage of additives. Many small pores
seem to show better mechanical properties tharbfgypores. A high Si content in the glass
phase leads, due to its network forming propertie@s higher viscosity and could therefore
influence the strength properties of the end produ@ positive way. Work is in progress
along these lines.

4. PERFORMANCE BASED TESTING OF ALKALI-SILICA REACT IVITY OF
AGGREGATES

National regulations for preventing alkali-silicaactions (ASR) in concrete structures are
based on various principles that have to take agtmount a range of material properties and
local experience. Some countries have also incatpdrthe option of performance testing in
their provisions. Such options are meant to partlglace technically and commercially
restrictive prescriptive requirements by perfornendented requirements (egN 206-).
Several national ASR performance tests have beed wsrldwide for more than 15 years,
but none of the methods have proven to be relitdsleise with all aggregate types and all
binders. Some of the methods also lack documentatio the link to the field behaviour
during the concrete service life. As basis to agre@ general international ASR performance
based testing concept, one of the objectives oERILTC 219-ACS 'Alkali-silica reactions in
Concrete Structures' (2007-2012) is to develop \aidiate one or more ASR performance
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tests for assessment of the alkali reactivity afowes aggregate/ binder combinations. The
innovation potential for such performance testhigh, since general ASR regulations are
rather restrictive. It will e.g. allow utilizatioof many local potentially alkali-silica reactive
aggregates, enhance the flexibility for the corecprbducer with respect to material selection
and optimization of the concrete mix design.

Developing a reliable performance test requires lloeoretical considerations and practical
verification. A comprehensive research programeamd performed in a PhD study within

COIN, where one aim is to give input to the RILEMK group. As a base for the work within
RILEM TC 219-ACS and the PhD study, a literaturevey on influencing parameters when
moving from aggregate testing to performance tgstams recently been finalizedifdgard et

al, 201). The main objective of the review was to idenfifigrameters and limitations for

accelerating ASR under elevated moisture and testyrer conditions. In the PhD study, an
extensive laboratory program is being performedisamy on the impact of the curing and
storage conditions (that vary a lot from test mdttetest method) on the internal humidity in
the test specimens, the extent of alkali leachimjthe measured ASR expansions.

The most important preliminary conclusion from tladoratory testing is that the ASR
expansion is very sensitive to the extent of allediching, that may vary significantly even
for small modifications of the test setup. Basedhmse preliminary findings, two of the three
RILEM concrete prism tests have been withdrawn. Artensive follow-up program has
recently been actuated within COIN, comprising eia@igregate types and four commercial
binders, as well as two field exposure sites, driildTEF in Trondheim and one at LNEC in
Lisbona. One aim is to verify if some of the prddest variants might work as a commercial
performance test method. Another aim is to docuntleatlaboratory field correlation with
various aggregate/binder combinations.
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RECOVERY BEHAVIOUR OF HYBRID FIBRE REINFORCED HIGH
STRENGTH CONCRETE AFTER HIGH TEMPERATURE
EXPOSITION

Takashi HORIGUCHI
Hokkaido University, Faculty of Engineering, Sapmafapan

SUMMARY

Recently the addition of polypropylene fibres irtmgh-strength concrete (PFRHSC) was
reported to be very effective against the explospalling. However, it is hopeless to
maintain the residual strength and the fracturghoess when the fibres melt. Steel fibre
reinforcement can help to maintain the residuangjth and fracture toughness after heated.
In this point of view, author has proposed the fd/bbre reinforcement with the combination
of polypropylene and steel fibres, HFRHSC is prggofr improving the strength as well as
the fracture characteristics after heating. In gaper, the recovery behavior of the strength as
well as the others physical properties of HFRHS@vestigated.

1. INTRODUCTION

High-strength concrete shows particular charadterisehaviour at elevated temperatures,
such as explosive spalling, that is rarely obsematbrmal-strength concrete. This behaviour
has been attributed to the very dense concretexmegually associated with high-strength
concrete Ali et.al., 1996, Phan, 1996, Khoury et.al, 199%®ecently the addition of
polypropylene fibres into high-strength concretesweported to be very effective against the
explosive spallingakano et.al., 2000, Horiguchi, 2002As heating increases, the fibres in
the cement matrix start to melt at about 160 °C ianckase the total pore area. This melting
effect mitigates the explosive spalling as it pd®a pore space in which moisture vapour can
accumulate at lower vapour pressures. Howevers ihapeless to maintain the residual
strength and the fracture toughness when the filmeds Steel fibre reinforcement can help to
maintain the residual strength and fracture tougbadter heated.

In this point of view, authors have proposed thbriayfibre reinforcement systems with the
combination of polypropylene and steel fibres foproving the residual strength as well as
the residual fracture characteristics after heaffdghaendi, 2006, Horiguchi, 2008This
paper investigates the residual properties asagealecovery possibility of heated hybrid fibre
reinforced high-strength concrete.

2. EXPERIMENTAL PROCEDURE

2.1 Materials

The cement was a normal Portland cement, and grerel (Sand stone) (5 - 20 mm of
particle size) was used as the coarse aggregatevandand was used as the fine aggregates.
A maleic acid based super-plasticizer (SP), airagming agent (AE), and bubble cutter agent
(BC) were used. For bubble cutter agent, this chahadmixture was used only in the
concrete mix containing fibres since this particutaix had the tendency to form more
additional air bubble. Steel and polypropylene dtbmwere added into concrete mix in this
study. The steel fibres came in bundles where badklle consisted of 10 to 12 single steel
fibres bound by special glue that would dissolvevater. As for polypropylene fibres, they
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came in fine fibrillated bundles that would disgensto monofilament fibres inside the
concrete mix.

2.2 Mix Design of Concrete

There were eleven series of concrete mix as showmlble 1 to be tested in this experimental
study. These are plain concrete, four series ofgoopylene fibre reinforced concrete
(PFRC), two series of steel fibre reinforced cote(&FRC), and four series of hybrid fibre
reinforced concrete (HFRC). In this mix proportipal series had the same value of these
factors: water to cement ratio (W/C) of 0.3, sandagjgregate ratio (s/a) of 60 %, and unit
water content of 170 kg/m3. The main factor deéferated each series of concrete mix was
the fibres. The valuable included fibre materiablypropylene fibre, steel fibre, and
combination of the two fibres), fibre volume frawti (Vf), fibre length (If), and Vf
composition. The Vf composition in hybrid fibore mérced concrete was selected
intentionally so that correlation between singleetyibre reinforced concrete and hybrid fibre
reinforced concrete could be maintained.

Tab. 1 Mix design of plain and fibre reinforced lnigtrength concrete

. sla | Fibervolume (%) SP AE? BC®
Series Code wi/c
(%) pp steel (Y xc (A) (T
Plain Plain ~ ~ 13 7 ~
PFRC 6 - 0.25 P6-0.25 0.25 ~ 1.3 3 1
PFRC 6 - 0.5 P6-0.5 0.5 ~ 1.3 3 1
PFRC 30 - 0.25 P30-0.25 0.25 ~ 1.7 3 2
PFRC 30 - 0.5 P30-0.5 0.5 ~ 1.9 3 2
SFRC 30 - 0.25 $30-0.25| 0.3 60 ~ 0.25 1.3 3 1
SFRC 30 - 0.5 $30-0.5 ~ 0.5 1.3 3 1
Ps-0.25 $+0.25  |H1 0.25 0.25 1.35 3 2
Ps-0.25 $-0.5 H2 0.25 0.5 1.3 1 4
Ps-0.5 $4-0.25 H3 0.5 0.25 1.4 1 4
Ps-0.5 $4-0.5 H4 0.5 0.5 1.5 1 4

lSuperpIasticizer: Paric FP300U
2 Air entraining agent= Flowric AE200, 1A= 0.004%eament (by weight)
% Bubble cutter agent, 1T= 0.0002% x cement (by kg

2.3 Experimental test procedures

For fresh concrete, the performed tests includechgland air content tests. Some features of
the hardened concrete like density, voids, anasdinic pulse velocity (UPV test according to
ASTM C 597-83) were also conducted. The main testhis study consisted of compressive
strength (ASTM C 39-86 and ASTM C 469-87a), spldtiensile strength (ASTM C 496-90),
and permeability test (modified DIN1048). Specimesmse heated using computer-controlled
electric furnace. The heating rate was set atCl@er minute with peak temperature

maintained at 200C and 400C for 2 hours.

3. TEST RESULTS AND DISCUSSION

3.1 Recovery properties of heated concrete

Fig.1 to Fig.4 show the properties of heated cdecedter being cured under ambient
temperature (dry curing) and under water (satureteithg), respectively.
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The compressive strength, tensile strength and ysumodulus do not seem to recover
clearly in the case of heated concrete specimemg) ired under ambient temperature.
Meanwhile, for heated concrete specimens that s ltured under saturated curing, the
recovery in UPV, compressive strength, tensilengfitt and Young's modulus can be
observed as shown in Fig. 1 to Fig. 3. This miglidate that re-hydration of heated concrete
had taken place for the heated specimens cured satl@ated condition. The recovery rate
under saturated curing showed a rapid increasberfitst 2 months and slows down after
that.
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4. CONCLUSIONS

From the experimental test results, the followingausions were made:

Average reduction of 30%, 20%, and 15% was obsenvadodulus of elasticity, splitting
tensile strength, and compressive strength, respégtfor specimens heated up to 200°C.
For specimens heated up to 400°C, average reduictiomodulus of elasticity of 70% was
observed while both compressive strength and isigjitiensile strength showed an average
reduction of 40%.

As polypropylene fibers melted at its fusion poimit 160-170°C, polypropylene fiber

reinforced concrete (PFRC) showed more reductiortsimesidual properties compared to
steel fiber reinforced concrete (SFRC). More inidnsof polypropylene fibers will tend to

reduce most of PFRC and HFRC residual propertisge@ally its residual permeability

performance. On the other hand, more inclusionteélsfibers may improve the splitting

tensile strength of SFRC and HFRC.

In residual permeability performance, more inclasaf steel fibers was found to be quite
effective in the series also consisting 0.25% dfypopylene fibers in the HFRC, at both
200°C and 400°C. For PFRC, fiber length signifibanaffected the residual water
permeability coefficient. The longer the fiber, thegher the residual water permeability
coefficient

Properties recovery was observed significantly eatéd concrete specimens cured under
saturated condition compared to the ones curedramkient temperature.

The recovery rate showed a rapid increase in tise tivo months on heated concrete being
cured under saturated condition and slowed dover #fat
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SUMMARY

Carbon nanotubes are a promising material to sthiedow tensile strength and ductility of
Portland cement based materials. Carbon nanotuli®sTy) and nanofibers (CNFs)
synthesized directly on cement clinker particlea eéso reduce production costs and help
dispersion. Mortar specimens prepared with suchostamctured material were tested to
determine tensile and compressive strength. Thectsffof different functionalizing agents
were compared. Test results showed some enhanceshenechanical characteristics of
Portland cement matrices made with CNT/CNF.

1. INTRODUCTION

Concrete made with Portland cement is the largesisuned construction material

worldwide. Among the reasons for this fact are dkailability of the raw materials and the

excellent compressive behavior. On the other h#esile characteristics of cementitious
materials are poor due to their low tensile strieragtd brittle behavior. In reinforced concrete,
steel reinforcement bars are used to resist thaléestresses. The distribution of cracks is
more uniform and their width is reduced when srd@imeter steel rebars are used.

Recent investigations showed that the poor tersleavior of cement based materials is
partly due to macroscopic defects (pores) and ypaotlthe innate properties of calcium
silicate hydrate (C-S-H), the main constituent afdened cement paste.

Carbon nanotubes (CNTs) are among the highestdestsength materials known, up to 100
times higher than that of steel, yet only one hadtlr of its density. Their tubular structure is
composed of one or several graphene sheets rgled specific directions. The high tensile

strength is due to the bond between carbon atomus cibmpose the CNTs which is the

strongest link that exists. At the same time, tnkife strain of CNTs can be as high as 15-
20%. The typical dimensions of CNTs are betweern@ &0 nm in diameter and up to

hundreds of microns in length, thus aspect ratsdsigh as 1:1,000,000 can be found.

These properties of CNTs make them a promising idatel to be incorporated in
cementitious matrices in order to achieve a novatenml with tailored characteristics:
increased tensile strength and ductility. The IergtCNTs is comparable to smaller cement
grains and their diameter to C-S-H crystals. Thie svould allow a nano-scale distribution of
tensile stresses with lower stress peaks, mor&k dmadging and smaller crack width at this
nano-level. Several worldwide investigations hawsrb conducted producing and testing
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cementitious composites with CNT additidrheir results show some increase in tensile and
compressive strength, as well as in the moduluslasticity (Li et al, 2005; Musscet al,
2009; Konsta-Gdoutost al, 2010; Meloet al, 2011). In all these studies employed physical
mix of high quality CNT in cement matrices. CNTghwdifferent types of functionalization
were used in a content between 0.025 % to 0.75torespect to the cement weight.

The aim of this work is to present the results oftRnd cement mortars made with situ
synthesized nanostructured clinker. The researabupgrbased at the Nanomaterials
Laboratory at the Federal University of Minas Ger@UFMG) developed a process to
synthesize CNTs and carbon nanofibers (CNFs) dyreet cement clinker particles which
can reduce production costs and make processingiapérsion easier (Ladeiet al., 2008).
Since as-produced CNTs are highly hydrophobic,iapsarface treatment (functionalization)
is necessary to allow the incorporation in wateseolcomposites like Portland cement
mortar. The effects of different concrete admixsur@s well as hydrogen peroxide as
functionalizing agents on the mechanical behavienartars are compared.

2. METHODOLOGY

CNTs and CNFs were grown directly on cement clirikea process described by Ludwat

al. (2011). Products were characterized by scanniegtreih microscopy (SEM). Mortar
specimens of 40 x 40 x 160 mim size were cast using slag Portland cement, saedual
amounts of four fractions (0.15 mm, 0.30 mm, 0.60nnmand 1.2 mm), water,
plasticizer/superplasticizer and nanostrucutreakeli. Water to cement ratio was 0.4. Based
on the results of Melet al. (2011), the amount of CNTs and CNFs was 0.3 % w$ipect to
cement weight. For untreated CNTs/CNFs the plasticiserved as a non-covalent
functionalizing agent. Three different types ofgtieizers/superplasticizers were employed: a
combination of sulfonated polinaphtalene and pdiioaylate (PP), lignosulfonate (LS) and
sulfonated melamine (ME) based concrete admixtdree.mortar compositions are given in
Tab. 1. Flexural tensile and compressive strenfjtheomortar beams were determined. These
tests were performed at the age of 28 days.

Tab. 1 Mortar mix proportion

Composition CNT/CNF content b Plasticizer content
wi/C
(kg/m?) (kg/m?) (kg/m?)
530 : 1598 1.59 0.4 7.95
a

— cement : fine aggregates

b_ water/cement ratio

In an attempt to achieve better functionalizatidrthe CNTs/CNFs, and thus a better link
between nanotubes and the cement matrix, a hydnogexide treatment was carried out on
the synthesis products prior to casting. Some 8®ii,O, was applied to 50 g of CNT-
clinker composite. The preparation was dried at 2@5immediately after the reaction
stopped. The composition of mortars made with pdefunctionalized CNTs/CNFs was the
same as the others, including lignosulfonate pierst.
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3. RESULTS AND DISCUSSION

3.1 Synthesis

Typical synthesized products are shown on Fig. he Tproducts had heterogeneous
dimensions and morphology when compared to highitgu@NTs. The products were well-
distributed on the surface of clinker particles.

¥
e
Mag Det Spot HV WD HFW - Mag Det Spot HV WD
50000x ETD 3.9 20.0kV 14.2 mm 2.70 ym 2000x ETD 3.9 20.0 kV 15.0 mm 67.60 ym

Fig. 1 SEM images of CNTs and CNFs grown on clinkeder different magnifications
3.2 Mechanical behaviour

Tensile and compressive strength results of the dpecimens are presented in Fig. 2.
Compressive strength of mortars with CNTs showedenemhancement than flexural tensile
strength. The mortar prepared with lignosulfondssticizer presented the best results, both
in flexure and in compression, with 14 % gain insi&e and a 90 % gain in compressive
strength. The addition of J@, treated CNTs to the mortar resulted in higher casgive and
flexural tensile strengths with 33 % and 13 % g#i@8 days respectively.

Legends: PP — sulfonated polinaphtalene and pblicgtate surfactants;
LS - lignosulfonate plasticizer;
ME - sulfonated melamine plasticizer;
PO — hydrogen peroxide treated CNTs/CNFs with lgyifonate plasticizer

100,0 89,6

DOTensile

75,0 W Compressive

50,0

33,3
25,0

0,0

-25,0

Strength change with respect
to reference [%]

-50,0

Fig. 2 Compressive and tensile strength resultaatar specimens at the age of 28 days.

Gain in compressive strength was in all cases hitjtaa in flexural strength. The addition of
CNTs and CNFs to the mortars had a micro filling &ydration catalyst effect rather than a
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crack-bridging effect. This can be explained by goor dispersion and adherence of the
CNTs/CNFs in the cement matrix. At the same tirhe,high surface area CNTs and CNFs —
if an adequate surface treatment is applied — mmagsanucleating sites for cement hydration
product formation, as it was observed by Makar &iehn (2009), resulting in a more
complete hydration and thus in higher compresdrength.

4. CONCLUSIONS

CNTs and CNFs were synthesized in a CVD processortland cement clinker. The
resulting products had a fibrous structure withhhigvel of defects. The reinforcing effect of
these nanostructured materials was evaluated oardanortar specimens.CNT/CNF addition
to the mortars affected the degree and speed oatigd of cement. Some improvements in
both compressive and flexural strength were obsenkexural strength enhancement
remained lower than compressive strength, sugggesdinmicro filling and/or hydration
catalizator effect rather than crack-bridging aibeIf reinforcement.
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SUMMARY

Concrete is a composite construction material fe@tjy used in civil engineering. We know
that concrete is as a man — when concrete is maeas a baby, then it ages and its
properties change in accordance to its baby lifat Teans it is better to monitor and change
its properties when it is young as soon as posdid&vever, using the methods immediately
after concrete birth (making the mixture) is diffic(Pomeroy, 1991)The main aim of the
article is to show the application of Acoustic Esni& Method, Impact Echo Method, Non-
Linear Ultrasonic Method, Ultrasonic Method and pemature measuring during concrete
lifetime, particularly during the first days aftire mixture has been made.

1. INTRODUCTION

Concrete is one of the most popular building matefAitcin 2005) Its lifetime properties
determinate the whole construction lifetime peri@dncrete setting and hardening processes
are the most critical phases during constructionkwmfluencing the properties of concrete
structure. For this reason applying non destrudigéing in the early age of concrete lifetime
can be useful(Mikulic, Sekulic, Stirmer, Bjegovic 2005p0me Non-Destructive Testing
Methods were applied for describing concrete priogein the early age.

Acoustic emission is elastic radiation generatedhgyrapid release of energy from sources
within the material. These elastic waves are detkeind converted to voltage signals by
small piezoelectric sensors mounted to convenieriace of the material. The results is that
acoustic emission can be used to monitor a streidtur active damage even when ambient
noise levels are extremely high. Sources of acouwstiission include fracture and plastic
deformation, phase transformation and other pr@se#scoustic emission is sensitive enough
to detect newly formed crack surfaces down to alfemdred square micrometers and less.
Non-linear acoustic spectroscopy methods can bieisid resonant and non-resonant. One or
more (harmonic) signals are broadcast into a sastpleture. Sensors fixed on the sample
surface detect structure responses. Harmonics amgharmonic frequencies imply structure
quality (Finlayson, Friesel, Carlos, Cole and Lenain 2000).

Impedance spectroscopy, which belongs to the mstbhbdon-destructive testing of concrete,
monitors spectrum changes during cement hydrabdferences are observed in the spectra
of tangents delta and capacity, respectively. Témstance for samples and its quality is
described by the dominant type of loss in material.
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2. EXPERIMENTAL SETUP

Two different concretes mixture were prepared. fiilse€ mix was "classical" concrete and the
second mix was concrete with a mixture of fly asd grounded recycled concrete. Specimen
100 x 100 x 400 mm were made from "classical" mhartked S1) and with fly ash and
grounded recycled concrete, respectively (marked S2

N £ T e P/ A
Fig. 1 Experimental set up of concrete samplesaf®1S2) with sensors for acoustic emission
and impedance spectroscopy before unmolding

Acoustic emission signals were taken by measuriqgipgnent DAKEL XEDO (Mazal,
Liskutin, 2007) Four acoustic emission sensors (two and two) wkxeed on the samples for
each system. Acoustic emission events were meascoedinuously” during a fortnight. A
sinusoidal generator and two recorded sensors agpéed. Impedance spectroscopy used
RLCG bridge for measuring loss-factor and ohmm#g&iemonitorin temperature and switch
for controlling a lot of measured channels. Eachda contained two plates and two cylinder
bars for measuring electrical impedaiiazdera, Topolar, Bilek, Smutny, Korenska 2010)

Acoustic emission and impedance spectroscopy (&laktproperties) were measured
simultaneously on two and two different types afiaete samples for a long time (Fig. 1).

3. RESULTS
The mechanical properties (compressive strengthbatiddensity) of individual mixtures are

in Tab. 1.
Tab. 1 Mechanical properties

Specimen S1 Specimen S2?
Time 24 h| 28days|] 24nh 28 days
Compressive strength [MPa] 25 67.5 14.7 58.6
Bulk density [kgm™] 2300| 2326 | 2277 2291

In the diagram (Fig. 2) is shown the dependenceutative counts (Nc) on time (t). The
specimen (marked S1 - solid blue line) has gotisagmtly higher the acoustic emission
count event than specimen (marked S2 - dashedn®dduring at the measurement period (7
days). It can be assumed that the greater nunadbersoustic emission events are caused by
higher numbers of microcracks in the concrete spewgi
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Fig. 3 Time history of capacity and resistance kit

The capacity and resistance dependence on tinmecatedncy 1 kHz of both types of samples
is shown in graphs in Fig. 3 — capacity on the deftl resistance on the right. The maximum
capacity (specimen S1) is reached at 7 hours afbeng and maximum capacity (specimen
S2) is reached at 8.5 hours after mixing. The afpatightly increased after unmolding, but

continued to decline.

Fig. 4 Dependence loss factor on time and frequéBty- left, S2 — right)

The capacities decrease and resistances incrahsse-changes show that structural changes
continue in the course of time.
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Values of loss factor are higher at specimen mixewh classical mixture as shown in Fig. 1
and their shape dependents on monitoring freque¥aie, that time increases from down to
upward.

4. CONCLUSIONS

Applying the methods described in the paper cap keldetermine the behaviour and the
properties of concrete mixture mainly during theleage or during the whole lifetime
without its destruction. Nevertheless, their amgilen immediately after mixing the concrete
is not easy.

Acoustic emission appears as a powerful tool faemeining the rise of microcracks in the
hardening concrete. It can be assumed that theegreambers of acoustic emission events
are caused by higher numbers of microcracks inctrerete specimen. The application of
acoustic emission method during the hardening efdbncrete structure can help to obtain
better properties of the concrete structures.

Impedance spectroscopy can monitor electrical ptppshanges during the whole concrete
lifetime. Its disadvantage is mainly the inclusioh electrodes in the structure. Concrete
properties are changed mainly during the first dhgoncrete structure setting as shown in
Figs. 3 to 5. Although major changes take place @diately after mixing, important changes
continue to happen for a long time.
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SUMMARY

At present, due to continual progress in infornratiechnology, permanently new and
increasing demands are put on information and cdatipn systems. On the other hand the
rational disposal of the physically worn and inaskt@ components of the computer and
information technique (IT) becomes concern of tlieM society. The study deals with one of
possible ways of the disposal of plastic waste ffbraomponents.

1. INTRODUCTION

The rational disposal of the physically worn, inquigte components of the computer and
information technique — plastics in this case —obses concern of the whole society.
Furthermore, there is a permanent tendency to lihet extraction of the natural, chiefly
filling building materials and thus to save theurat environment. The rational application of
the cement composites using “PC crushed materglpaatial additive into conventionally
employed concrete mixtures may solve the aboveiorad problems to a great extent. Since
the year 2004 we have been occupied by the inwilig of the cement composites CPA
containing plastic crushed material PA (plasticraggtes). Introductory research has been
initiated by the requirements of the Slovak Envinemtal AgencyBage’ et al, 2004) The
research has been focused mainly on the mechamdagbhysical properties of the composites
CPA of PC and TV screens. The short-term and lengr-ttests were carried out as well as
tests of bond between composites and the reiniproars. In the year 2006, the programme
was extended on the tests of the composites CP&dlmasthe print circuits.

2. EXPERIMENTAL PROGRAMME
2.1 Experimental part - mechanical properties

In years 2004 till 2007 seven types of the compo€IPA mixtures were designed, which
contained plastics of the PC and TV screens (mastuabelled A to G) and four mixtures
with plastics of the printed circuits (labelled H({ = 1 — 4),(Krizma and Nirnbergerova,
2007).The mixtures labelled A to E, and H1, H2, and Halyrhe applied as thermo-insulating
or sound proofing material. The mixtures labelled5E-H3, which are described in this paper,
are comparable with the corresponding mixtureshferundemanding structurékhe working
characteristics of the mentioned mixtures are givedab. 1, togethewith the working
characteristics of the reference concrete — RCglwbontains only standard river aggregates.

All mixtures given in Tab. 1 are of the type SCEli{sonsolidating concrete). Therefore the
primary tests were performed for the verificatidrbond between predominant material PCA
and reinforcement. The following tests for the d®eieation of the working characteristics of
the composite material were perform&dizma and Niurnbergerova, 2010)
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Tab. 1 Average values for the bulk dengitycube strength, prism strengtlf,, Young's
modulus of elasticit¥, flexural strengthc s, tensile strength .

Designation LOc fec fep E. feit fet,

of mixtures| (kg.m3) | (MPa) | (MPa) (GPa) | (MPa) | (MPa)
F 1689 22.18 20.09 11.65 3.50 2.28
G 1792 29.19 24.10 12.32 3.44 2.24
H3 1863 15.90 11.90 12.83 3.89 2.53
RC 2430 48.67 47.50 41.07 6.43 4.18

* bond strength between composite and reinforcement,

* the effect of the time factor on the deformatiohthe composites in compression,

 the effect of the time factor on the deformationder free/restricted shrinkage.

As a super plasticiser (Stachement NN) has beehedpphe commonly used compressive
strength may not be decisive for the classificatbdrthe concrete. Corresponding tests were
performed in compliance with (STN 73 1328, 1993).

o 4,0
+ H3, exp.
0,64 — H3regrl —
— H3, regr.2 s TN . — ‘o ‘

3 -059 a RCexp . C 3
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Fig. 1 Shrinkage of the composites CPA; a) compard the results of free shrinkage for the
mixtures H3/reference mixture RC, b) comparisothefshrinkage induced curvatures of the
mixtures H3/reference mixture RC

On the basis of the above mentioned results sigrflelabs were designed. The slabs
designated PC — Printed Circuit — 1, 2 were madeemixture H3. The slabs designated PC
— Cases — 1, 2 were made of the mixture F. ThessR8 — sandwich — 1, 2 were
manufactured as two-ply slabs. The reinforced lopget with the height aff = 100 mm was
made of the mixture F, the upper part with the hieaf h = 50 mm was made of the concrete
RC. The working characteristics of all types of ttwmmposites are given in Tab. 1. The
geometrical characteristics of the floor slabsasdollows: length = 4.0 m, theoretical span
It = 3.6 m, widthb = 0.75 m, deptin = 0.15 m. The reinforcing characteristics for thiemer
two types of slabs — symmetric longitudinal reicament 5 g10 {f = 410 MPa), transversal
reinforcement g6 by 0.3 m, the anchorage of thegilodinal reinforcement behind the
theoretical support was executed by two transvdyaed @6. For the slabs PC — sandwich
there was proposed the bottom reinforcement 5dOtransversal reinforcement g6 by 0.3
m. The design was performed in compliance with (S7IN1201, 1993) with the increased
covera; = 35 mm. It is the case of the SCC compositesqased by punching.

The real uniformly distributed load was simulatedtbe two concentrated forc&s which
acted in the thirds of the theoretical span. Therfslabs were loaded by the short-term step-
by-step increasing load under stress rate contrpitecedure. The tests were terminated when

58



7th Central European Congress on Concrete Engie2€11 Balatonfired
TOPIC1: TAILORED PROPERTIES OF CONCRETE

the loading force has reached the valu€ of 2F (service load), or when the capacity of the
loading hydraulic jack has been reached. The &sisis shown in Fig. 2a.

The loading forcd= vs. midspan deflectioa relationships are plotted in Fig. 2b for all teste
slabs.

PC - Printed Circuits

Service load

Force (kN)
SN

PC Sandwich 2

Deflection (mm)

PC Sandwich 1

Force (kN)

Deflection (mm)
Fig. 2 Tests of the floor slabs a) test set upo@jing force- vs. midspan deflectioa

Based on afore mentioned results two sandwich skaye chosen for the long-term tests,
partial results have been publishedqKkmizma and Nurnbergerova, 2010)

2.2 Experimental part - parameters of heat transporand accumulation

Generally, the specific heat capacity as well as bllk density of composites can be
estimated by using the additivity rules (AR), whélne resultant value is calculated as the
weighted mean of the particular components. Thelltaas thermal conductivity of the
composites with plastic aggregate (PA) can be estichby the relation for the composite
with the non-ideal serial configuration of compotse(MatiaSovsky and Koronthalyova,
2008)

nl n2
1_(@-11m", @i )
)\c )\1 )\2
wherei; andi, are the thermal conductivities of high and low awactivity components,
nl=1, n2=2.2 are coefficients. Transport and accumulatianameters of 4 types of PA
composites were determined by the regular regintbaede It was also shown that the thermal
conductivity of PA itself corresponds to the valoé the prevailing PA component —
polyethylene (PE)Ape =~ 0.3 W/(m-K) (Bagé€’ et al, 2004) In Tab. 2, the estimated and
measured parameters of heat transport and accuomukate compared for 4 types of PA
composites.
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Tab. 2 Comparison of measur@hgéd’ et al, 2004)and estimated thermo-physical
parameters of plastic aggregate composites

Designation o. measured o.(AR) | cc measured c:(AR) | Aic measured Ac(EQ.1)
of mixtures| (kg.m®) | (kg.m%) | (J.kg K" | Q.kg" Kh | W.mtKh [(W.mtK?

A 1111 1059 1561 1640 0.255 0.30
B 1109 1079 1682 1689 0.320 0.31
C 1510 1421 1424 1177 0.504 0.66
D 1631 1596 1235 1181 0.853 0.86

From the results it follows that the thermo-phykjgarameters of composites are dependent
on the composite total porosity and the portionghef plastic and the river aggregate. An

improvement of the thermo-insulation ability of tlsemposites can be obtained by the

lowering the portion of the river aggregate or tenent, however, at the expense of the
worse mechanical parameters.

3. CONCLUSIONS

The cement composite with the content of the plastished material has specific mechanical
properties in comparison with the reference stahdancrete. The performance in bond — the
composite/reinforcement is concerned as well aslsgge and creep in compression. The
achieved results were applied as input values Her design of the undemanding ceiling
structures. The results of the short-term testatpmit the suitability to design floor slabs of
the sandwich type with the upper layer of the staticdconcrete. The long-term tests have
confirmed these assumptions. The effects of the&r@mwent on the tested elements will be
dealt separately. The heat transfer of the aggesgatarkedly affects the resulting heat
conductivity of the composite in case of the conmgowith the lower values of the total
porosity (< 50%). It is also the case of the cemmorposites with the plastic crushed
material, where its use decreased the value oh&la¢ conductivity to the level of the light
concretes.
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USE OF ADMIXTURES TO ACCELERATE THE SETTING AND
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SUMMARY

One of the problems most often mentioned when usiegients incorporating high
percentages of ground granulated blast-furnace (8&BFS) is the lower hydration rate of
the concrete, this in comparison with ordinary Rod cement. Therefore in this study,
chemical admixtures and mineral additions have hessd to reduce the setting time and
improve the initial strength development of cemetasitaining 70% to 85% of GGBFS.
Preliminary results seem to indicate that calciutrate and sodium nitrate based accelerators
are the most effective. Encouraging results wergo abbtained with mortar mixes
incorporating very fine metakaolin particles.

1. INTRODUCTION

Cements containing high percentages of ground ¢ateul blast-furnace slag (GGBFS),
classified as CEM III/B or CEM Ill/C, are usuallggommended for use in concrete exposed
to aggressive environments (chloride, sulphate amd attack) and to minimise the risk of
alkali-silica reaction in case suspicious aggregdiave to be use(Bijen, 1996) Another
advantage of these cements is the possibility tmlyre light-colored concrete for esthetic
purposes. Moreover, the environmental effects oBE& cements are substantially lower
than those of ordinary Portland cement (OPC) stheepartial replacement of clinker with
slag (a by-product of the iron industry) leads teeduction in carbon dioxide emissions and
raw material demand.

Apart from all these benefits, GGBFS cements amrattierised by a considerably lower
hydration rate compared to ORReville, 1999) This makes the concrete more sensitive to
drying, especially at early age. In this study,rlwl admixtures and mineral additions have
been used to reduce the setting time and impravénthal strength development of cements
containing 70% to 85% of GGBFS. The influence oa thortar fluidity and the 28-day
compressive strength was also investigated.

2. MATERIALS AND EXPERIMENTAL PROCEDURE
Two GGBFS cements produced in Belgium were invagtig in this paper: CEM 1lI/B 42.5
N LH HSR LA (69% slag) and CEM 1ll/C 32.5 N HSR L(&5% slag). An OPC type CEM |

425 R HES was also used as a reference. The Bfairaesses of these cements are
respectively 490, 455 and 320 m?/kg.
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Tests were carried out on mortars prepared acaptdimNBN EN 196-1:2005 and consisting
of one part of cement and 3 parts of normalizedl sby mass. The water to binder ratio was
0.50 and no superplasticizer was added. As merttigmeviously,some adjustments were
made in order to enhance the early age performaoicéise mortars(l) a commercially
available accelerator among those listed in Tatag added to the mix or (2) the cement was
partially substituted by a pozzolanic additionblwth cases, the total amount of mixing water
was kept constant. In addition to silica fumes, afethe tested mineral products is a
metakaolin (MK) which is an amorphous aluminostiéca(Al,05.2Si0,) obtained by
calcination of kaolin clay, followed by fine grindj. Its mean particle size is about 1 or 2 um.

Tab. 1 Accelerating admixtures (accelerators) usellis study

Product ref.  Chemical composition (main constitient Dry extract (EN 480-8) [%]

ACC1 Calcium formate Ca(HCOO) 100
ACC 2 Calcium nitrate (+ others)Ca(NG;), 58
ACC 3 Sodium nitrate NaNG; 43
ACC 4 Sodium thiocyanate NaSCN 13
ACCS5 Calcium chloride CaCl 61
ACC 6 Calcium nitrate (only) Ca(NO), 58

The fluidity, the setting time and the compresgtrength of all the mixes were determined at
20°c, respectively according to nbn en 1015-3:1@80flow table), nbn en 480-2:2006 and
nbn en 196-1:2005.

3. RESULTS AND DISCUSSION

The flow values of the reference mortars made o€ @Rd the two GGBFS cements (without
admixtures or additions) are all in the range of22® mm. Tab. 2 compares the strength
development of these mortars. As expected, thaliriydration of the GGBFS cements is

very slow. The average 28-day compressive streffigthg seems to be related to the cement
strength class.

Tab. 2 Compressive strength of the reference nwafer 1, 2 and 28 days hardening
CEM 142.5 CEM III/B 42.5 CEM IIl/C 32.5

fema [N/mm?] 15 4 1
femyz [N/mm?] 25 12 10
f omi2e [N/mm?2] 57 53 44
femz/ femae [ 0.44 0.23 0.23

The graphs presented below show the influence efatitelerator type on the setting time
(Fig.1) and the early age strength (Fig.2) of thertar made with CEM III/B 42.5. The
dosage (dry extract) was 0.8 wt.% of cement. Ifexelude the chloride accelerator (ACC5),
which is now forbidden for use in reinforced anégtressed concrete (see EN 206-1:2000),
the calcium nitrate (ACC2 and ACC6) and sodiumatér(ACC3) based products seem to be
the most effective to reduce the initial settingdiand improve the strength development. An
increase in the dosage (dry extract) from 0.8 fovit.% even gave better results in some
cases.

Additional tests conducted on mortars made with CHM 32.5, which is particularly rich
in slag, confirmed the effectiveness of ACC2 andG8Qo enhance the initial hydration rate.
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Compared to the reference mortar, we observediwtied in the initial setting time of up to
120 minutes (Fig. 3) and an increase in the corsprestrength of up to 150% after 24 hours
and 75% after 48 hours hardening (Fig.4). No negagiffect was observed on the 28-day

compressive strength.
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Fig. 1 Effect of the accelerators on the settinge8 of mortars made with CEM 111/B 42.5
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Fig. 2 Effect of the accelerators on the early stgength of mortars made with CEM 11I/B 42.5
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Fig. 3 Effect of the accelerators on the Fig. 4 Effect of the accelerators on¢hey age

setting mortars made with CEM IIl/C 32.5  strength of mortars made with CEM IIBE.

This study also showed that the use of some mimelditions as partial cement replacement
can accelerate the hardening of GGBFS cementsciafipethe influence of a very fine MK
(see section 2) was investigated within this stadyombination with a CEM IlI/C 32.5 (see
Fig. 5). The early age compressive strength temdsctease with increased cement
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replacement level from 2.5 to 7.5 wt.%. Comparethé&reference mortar, a gain of up to

70% is obtained on the 2-day compressive strerigim(10 to 17 N/mm?2). This improvement

could be explained by a combination of a physifiké( effec) and a chemicalppzzolanic

activity) effect. Some negative effects were however oleskesuch as:

- aloss in fluidity (up to 15% for replacementééwof 7.5 wt.%) probably due to the high
fineness and the lamellar shape of the MK padicl

- aloss in the 28-day compressive strength (\BD8b) probably related to the fact that MK
consumes calcium hydroxide that is then no meadable for the later hydration of
GGBFS. This last assumption needs to be verified-ray and/or microscopic examination
of hardened mortar samples.
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Fig. 5 Effect of MK on the early age strength ofrtacs made with CEM III/C 32.5 (cement
replacement in wt.%)

4. CONCLUSIONS

In this study, chemical admixtures and mineral toldé have been used to enhance the
hydration rate of high GGBFS cements. Preliminaguits seem to indicate that calcium

nitrate and sodium nitrate based acceleratorsharenbst effective to reduce the setting time
and increase the early age strength of these cememtouraging results were also obtained
with mortar mixes incorporating very fine metakagparticles.

From a practical point of view, methods for accatieig the hardening of high slag cement
based concrete could lead to a reduction of thenmoim moist curing period to be applied

on-site, as specified in the new standard EN 130® — related to the execution of concrete
structures.
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FORMWORK FOR BRIDGE CONSTRUCTION
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SUMMARY

A summit meeting of the Asia-Pacific Economic Coapen (APEC) will be held in
Vladivostok in 2012. A 4-lane motorway bridge, letres in length, is being erected as a
future link to the mainland. With a pylon height 0 m and a free span of 1104 m this
project breaks two world records at the same tifhe. Doka self-climbing formwork systems
are being used so that the pylon will be finishedtime. To ensure high-quality concrete
placement even at extremely low temperatures Dokared all seven platform levels with a
robust scaffold tarpaulin and constructed a rowoiscsiing of seven sliding segments.

Under the use of the Doka Cantilever Forming THavekith integrated formwork a 459 m
long bridge, as part of the highway R1, is undenstaction by Hidépét Zrt. The
superstructure is a 3-box girder with inclined wedsan length 85 m, width 26 m, 4+2 lanes,
construction time of superstructure 5 month, 6dliavs are in operation.

1. DOKA FORMWORK SYSTEMS FOR BRIDGE CONSTRUCTION

More and more complex bridge structures are tymt#he architecture of our times. All over
the world. Doka technicians work closely with thierts and bridge designers to put together
the most suitable solutions, exactly tailored tocheandividual situation and to the
requirements of the structure. Doka offers formwsyktems for:

Fundations, Abutments, Piers and pylons, PierheBdiswork constructions, Launching-
girders, Cantilevering constructions, Incremerdainiching, Composite constructions, Arched
constructions, Cantilevered parapets.

2. SELF CLIMBING SYSTEMS

2.1 Introduction

Automatic climbing formwork is an efficient solutiofor every type of high structure. No
crane is required for lifting climbing scaffold arfdrmwork, the system is permanent
connected to the building. Overview about Doka biimg systems Fig. 1.

With its modular design concept, the crane-indepahdautomatic climbing formwork
provides a flexible solution. The platform sizes de freely selected and accommodated to
the geometry (inclination infinitely variable = 9)55f each structure. The casting height of the
casting sections is freely selectable from 2.70prtau5.50 m. The system makes possible a
weather-independent construction workflow and maxmctrew safety. Safety and speed are
further ensured by the wide working platforms,ediin on all sides, and the integrated ladder
or stairtower system.

In every case are safe working conditions like dme tground guaranteed. The
hydromechanical drive provides an optimum contral aperational safety.
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Automatic climbing system

MF 240 GC Xclimb 60  SC Xclimb 60 SKE 50 plus SKE 100

Fig. 1 Overview climbing systems Fig. 2 Remote control

The hydraulic system allows synchronised repositigof the entire climbing gang. Up to 25
automatic climbers can be lifted together with dn&raulic unit. A radio remote-control
system is an effective way to drive the hydrauwjitnders, Fig. 2.

Due to the high load bearing capacity of the autan@imbing system, payloads can remain
on the scaffold while climbing — saving crane catyac

b g

2.2 Pylon Vladivostok
Data Pylon:

135.70 m

- Location: Vladivostok, Russia
- A —shape pylon

- Height: 320.9 m

- Client: NPO Mostovik

- 71 casting steps

- Casting height: 4.50 m

- Width at base: 12.83m

- Width at top: 7.27 m

- Inclination in front of bend: 5.1°
- Inclination after bend: 2.1°

JmENEEANERENEEE

10.13m

320.90 m

185.20 m

DL LTI LT T LT LT ETEE LT T

Solution Doka:

- Outside: SKE 100 B
- Inside: SKE 50 = f e
- Special roof construction 41.45m

Fig. 3 Pylon

On the Vladivostok project, however, it is not jute geometry of the structure that
challenges formwork planning to the utmost. Theewres of the geographic location with

frequent stormy weather and bitter cold in the wimhonths are a major influencing factor on
this build. Extremely strict specifications for &¥ing optimum-strength concrete

necessitated yet another formwork-engineering iatiom. To ensure high-quality concrete
placement even at extremely low temperatures, [Roktosed all seven platform levels inside
a robust scaffolding tarpaulin and built a roof sigting of seven sections. The workplace is

66



7th Central European Congress on Concrete Engie2€il1 Balatonfured
TOPIC1: TAILORED PROPERTIES OF CONCRETE

fully enclosed inside this structure and can beadtea winter. When ambient temperatures
rise and when reinforcing bars have to be manoduwte position, the individual sections of
the roof slide one above the other on rollers, Biglhe high adaptability of SKE to different
geometries and angles of inclination is anothemathge on this project, because the cross-
section of each tower leg tapers from 12.83 m toese 7.27 metres in section 71, Fig. 3.
Wall thickness too diminishes gradually from 2.0tree to 0.75 metre. Adaptation in each
concreting section is rapid and straightforwar@ntts to telescopic platforms and reducible
beam-formwork assemblies.

NN

/

Fig. 4 Regular section Fig. 5 Super view Fig. 6 Roof constinre

3. CANTILEVER FORMING TRAVELLER

3.1 Introduction

Cantilever forming travellers are the movable skelestructures carried integrated formwork

units used to cast the two cantilever arms of thdgk’s superstructure. These skeleton
structures cantilever away from the pier, taking filesh-concrete load of the casting sections
that are between 3 and 5 metres in length and wegigio approximately 250 metric tons, and

transfer this load back to the section cast befmrdrand capable of carrying this load. When
the concrete has set and the two concreting sechiame been prestressed, a hydraulic drive
advances the CFT along rails to the next sectibwr&it is again anchored, Fig. 6

Uberbau frei baut im ,W balkenprinzip isches System im

Pfeilerkopf

Pfeiler

Fundament

Fig. 6 Principle of free balanced cantilever camdion methode

Innovations of the Doka Cantilever Forming travefiee Preuer, Broichgans, 2009
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3.2 Speedway bridge Nitra, Slovakia

Under the use of the Doka Cantilever Forming Triavekith integrated formwork, a 360 m
long bridge, as part of the highway R1, is undenstaction by Hidépdét Zrt. The
superstructure is a 3-box girder with inclined wedysan length 85 m, width 26 m, 4+2 lanes,
construction time of superstructure 5 month, 6dlavs are in operation. Maximum concrete
load per casting segment is 310 t, in total 59ingsteps, Fig. 7

Fig. 7 Panorama-View Free balanced cantilever keristruction, Nitra Slovakia

Cross section of the 3-box girder, inclined webthwap blisters, requires complex formwork
design integrated into the traveller, Fig. 8, 9, 10

Fig. 8 left, Cross section of bridge, assemblyra¥é¢ller at pierhead
Fig. 9 middle, View to Top slab, ready for casting
Fig. 10 right, Postion of travellers last castitgps before closure poor
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CONCRETE

Orsolya llona NEMETH Gydrgy FARKAS
! Department of Structural Engineering, Budapest eirsiity of Technology and Economics
Hungary, 1111 Budapest,idgyetem rkp. 3-9.

SUMMARY

Polymer concrete (PC) is used more and more oftahe building industry. As its use in
load-bearing structures requires precise knowlexfgmaterial properties, tests were carried
out on polymer concrete of specified compositioddtermine its principal parameters.

The present study determined the binding of reg&orent steel, and compared it with cement
concrete. To determine resistance against damage die-icing salt, cement concrete and
polymer concrete test pieces were tested undetiegdéorrosion conditions.

1. INTRODUCTION

Polymer concrete is the material system which casepra polymer binder, a solid aggregate
and possibly modifying and auxiliary agents; it nimyformed in the fresh state and sets to
stone-like hardness in conditions of normal appilica

Tab. 1 shows the results of our previous experiment

Tab. 1 Strength determined by previous experin

Flexural strength 28.49 N/mm?2
Tensile strength 17.67 N/mm?2
Compressive strength 98.70 N/mm?2

The reinforcement of structures and the establisitroé a connection between structures
have two pivotal points, namely the binding stréngyietween rebar steel and polymer
concrete together with the minimum anchorage leagththe corrosion resistance of polymer
concrete, which influences significantly the thieks of the concrete cover

2. MATERIAL COMPOSITION

The following tests were carried out to determine properties for the present recipe (Tab.
2). The construction material made by the recipk hare be referred to as “UP polymer
concrete”, meaning polymer concrete whose bindensaturated polyester.

3. TEST OF BINDING STRENGTH BETWEEN REBAR STEEL AN D POLYMER
CONCRETE

The binding strength of rebar steel set into UR/pelr concrete was determined by a pull-out
test (Fig. 1).

The series of experiments involved 60x60x250 mmeddggth UP polymer concrete test
pieces with S500 rebar steel rods of diametars8 mm andd2=12 mm embedded in them.
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Test pieces were prepared with embedded lengtligeebat50 and 250 mm, in 50 mm steps
(Fig. 2). Five test pieces were made with each eleha length, so that there was a total of
2x5x5 = 50 test pieces.

Tab. 2 The components of polymer concrete

Binder POLIMAL 144-01 unsaturated polyester 16 w%
2-4 mm particle-size dried bulk graded quartz grave 38 w%
Aggregate - -
0-2 mm particle-size quartz sand 38 w%
Other Trigonox 44 B <.:§1talyst 3 W%
components CO-1 Cobalt initiator
Calcium-Carbonate 5 w%
S500 ®1=8 mm
n ®2=12 mm
=
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Fig. 1 Arrangement of testing for Fig. 2 Design of test pieces for pull-out
binding strength test (all in mm)

Failure in most test pieces was caused by breatdirtge rebar (Fig. 3). As the embedding
length was reduced, failure came to be causedépuhing-out of the rebar.

embedded lengt
failure

Fig. 3 Failure mode after p-out tes

The binding strength and required anchorage lemgth be calculated from the force causing
the pull-out of rebars. The results for test piestsch failed by rebar pull-out are shown in
Tab. 3.
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Diameter
(mm)

Tab. 3 Results of pull-out test

SD: Standard deviation (N/mm?), CV: Coefficientvafiation (%)

Depth
greater
(mm)

Failure
force
(kN)

Binding
strength
(N/mmg2)

Average
of
binding
strength
(N/mm?2)

Anchorage

length
(mm)

Average
of grip
length
(mm)

50

37.70

30.00

50

36.10

28.73

29.00

30.28

50
50
50
50
50
50
50
50

34.30
36.90
35.10
42.30
43.00
43.30
46.20
34.70

27.30
29.36
27.93
22.44
22.81
22.97
24.51
18.41

31.87

29.63

31.15
58.15
57.21
56.81
53.24
70.89

These values show that the minimum recommendedosagé length for UP polymer
concrete is ®, much shorter and more economical than thé@ 3@0D values usually used
for normally cemented concrete.

4. UP POLYMER CONCRETE CORROSION RESISTANCE TEST

The purpose of this test was to compare the bebawviosteel-reinforced cement concrete and
UP polymer concrete test pieces exposed to an sgjgeeenvironment.

Nine test pieces of each material were preparethioexperiment in two different geometric

forms. Prism-shaped test pieces were made witls-@estions of 20x20mm and 40x40 mm,
all of them 160 mm long. A 10 mm diameter steebhrelias placed in the geometric centre of
each test piece, parallel with the long side (&)g.

160 o)

Q1=20 mm
7] @)
? Q.2=40 mm

S200

Fig. 4 Design of test pieces for corrosion resistafall in mm)

Three of each kind of test piece were kept as otmjtand the others were placed in a 1:5
ws/ww salt solution. In the first half of the 6-monthtiebe test pieces were laid horizontally
and completely covered by the solution. In the sddbree months, to enhance the aggressive
effect, the prisms were placed standing, with dmf of them in the solution, and turned
round every two weeks, so that each end was at&dyria the solution and in the air.
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After six months (Fig. 5), only a tiny amount ofrgzsion was visible at the ends of the rebars
in the UP polymer concrete test pieces. Damagkd@ément-concrete pieces had progressed
much further (Fig. 6). Those of both material dlecoed slightly compared with the controls.
rebar steel rust rust

a. 20x20 mm b. 40x40 mm 2D mm b. 40x40 mm

Fig. 5 UP polymer concrete at the end of  Fig. 6 Cement concrete at the end of
corrosion resistance te corrosion resistance t

‘o determine the actual corrosion, the test pi@@® sheared paralelly, with the rebar steel.
The extent of deterioration was also consistertherexposed rebars.

The rebars in the UP polymer concrete pieces mdabheir original condition (metallic
shine), the only corrosion being visible at thesanflthe steel rods (blackening). By contrast,
there was incipient corrosion across the wholeaserbf the rebar rods in the cement concrete
pieces: the surface was matt overall, with rustome places.

6. CONCLUSIONS

The observations and measurements made during Xperiments yield the following
conclusions. There is excellent binding betweengdBmer concrete and rebar steel. The
direct consequence of good steel binding is rednatf the minimum anchorage length. The
recommended grip length is about one eighth of tbatcement concrete. This is both
economical and advantageous for rebar arrangemenaédling simpler and less crowded
nodes to be designed.

UP polymer concrete has a high degree of corrosesistance. The corrosion experiment
simulated the effects of winter salting, and causedubstantial damage to the test piece. The
steel rebar only corroded at the point where iealy contacted the salt solution. The
corrosion experiment bears out the hypothesisgbbimer concrete inhibits the permeation
of corrosive agents, and so is very well suitedrteironmental protection applications.

The qualities found in these experiments suppaet applicability of polymer concrete in
load-bearing structures and for connection. Ouurtutresearch will be extended in this
direction.
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SUMMARY

Due to EU regulations for decreasing the emissio8@,, new cement kinds are gaining in
importance. Therefore a research project betweestriduand Slovakia, funded by the EU
(Project ENVIZEO), was initiated in 2010. The mambition of this project is to develop
new CEM V eco-types of cements and certificate tf@neommon usage.

The aim of this paper is now to give an overviewttw# status of the project research and
forecast of the usage of the Electronic SpeckléeRainterferometry (ESPI) to characterize
and compare the physical properties of the new CENmixtures to standard CEM |
cements/concrete. The investigations with ESPtesdagarly in June 2011.

1. INTRODUCTION

CEM V is a Portland clinker saving cement kind thows the reduction of clinker to a
proportion of 40-64% for CEM V/A and 20-38% for CEWIB respectively by the input of
slag sands, puzzolanas and fly ash (accordifd\td97-1, 2000

Therefore four new CEM V kinds were created, twest#ian kinds based on slag and fly ash,
and two Slovak kinds, one based on slag and fly taghother on slag and natural pozzolana.
The pozzolana consists of zeolite of clinoptiloliyge that is gained from a nearby Slovak
deposit. Intensive material testing for the Sloaaki Austrian CEM V/A and CEM V/B was
performed by the Slovak partner TSUS to determineetéchnical characteristics. With the
help of the processed survey results the applicgtatential for practical use of the new CEM
V/A and CEM V/B cement kinds should be justified.

2. CEMENT PROPERTIES

Austrian (AT) CEM VI/(A, B) cement kinds are chaextzed by normal consistencies and
mortar workabilities equal and better than thos¢hefreference CEM 132,5 R (SK). Lower
normal consistencies and mortar workabilities gpéctl for Slovak CEM V/(A, B) products.
The use of superplasticizer (polycarboxylate-bagéd of dry solids coming from Slovakia)
IS necessary to improving normal cement consisésnand mortar workabilities. All cements
are adjustable on constant workabilities of the tarsr around 160 mm. The 90-day
compressive strengths of CEM V/A - SK mortars 83Ra and 68,2 MPa of CEM V/A - AT
relative to 59,0 MPa of the reference CEM | mogare clear evidence on the same and
higher achieved strength parameters. The 90-day@ssive strengths of CEM V/B - SK
and AT mortars 46,8 MPa (SK) and 51,4 MPa (AT) treéato 59,0 MPa of the reference
CEM | mortar show still sufficiently high strengparameters.
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Chemical composition of the CEM V/A and CEM V/B cems (AT and SK) is
very similar; typical feature is markedly reducgdy 17 to 25 %) CaO content
in the composite cements opposite to CEM | had@@2 % CaO content. Reduced CaO
contents in composite cements indicate improvesteaee to chemical attack compared to
CEM | cement kind. The pH values of cement extraetsveen 12.41 and 12.55 (CEM I, both
CEM V/A and CEM/V cement kinds - AT and SK) suppdkle sufficient embedded steel
passivation.

3. ESPI - METHODOLOGY

ESPI is optical measurement equipment that alloasstact-free extensive recording of
displacement and deformation respectively. It ee@BD measurement of local displacement
distribution within a certain strain field with atcuracy of up to 0.um (Eberhardsteiner,
2002; Buksnowitz et al., 2010For data recording the full-field 3D-ESPI measoeat
system Q 300 by Dantec-Ettmeyer AG in Ulm, Germanimplemented. After collecting the
raw speckle data (speckle patterns) and calculéhieglisplacement data by the ESPI system,
the data is transformed into in-plane strain magaguthe post processing software ISTRA
(Dantec-Ettmeyer, 2001)For this purpose in-plane displacements wereeuwgifitiated
numerically to calculate strain maps of the différstrain components.

The ESPI analyses are performed during compredsgin of the various CEM V concrete
specimens at different load levels. Strain mapsthef different concrete specimens are
calculated at certain load steps to visualize std@stribution. For this reason cubic concrete
specimens with a lateral length of 150 mm were peced for testing with the ESPI device.
The basic composition of the concrete is: 370 kgerd, 176 | water (w/e 0,47), 1825 kg of
aggregate with a maximum grain size of 16 mm. Isecaf the Slovak cement kinds
additionally a superplasticizer was applied.

For each specimen one side of the cube was measuraty increase of load that was

superimposed in increments of approximately 40 AlNevery step, in-plane deformation in

longitudinal and tangential direction as well as-ofiplane deformation is measured in the
observed field of view. The observed field of viesva square with a side length of ca. 130
mm. The outer margins of the concrete cube surfeeel0 mm each side) is not examined
because of the irregular edges of the concretdrapes.

4. PRESENT RESULTS WITH ESPI

For a first analysis several load steps were iategr and the raw speckle pattern,
displacement distribution (including vector mapsp astrain maps were calculated for the
added load step. Finally the load was increaseitl failtire to receive the maximum strength
of the sample.

Exemplarily the following figures show the prelirmny ESPI analysis of sample CEM V/Al
AT (CEM V/A from Austria) and CEM-V/A3 SK (CEM V/Arom Slovakia). For illustration
the vector plot derived from the displacement inaxd y-direction is overlaid with the
displacement plots. The strain maps were calculbiedifferentiation of the displacement
once horizontally for x-direction, and once veriigéor y-direction.

Sample CEM V/Al1 AT (shown is load step: 630,5 — 858N, max. strength: 1152,8 kN)
shows the development of a crack in the centradlgfahe specimen. Sample CEM-V/A3 SK

74



7th Central European Congress on Concrete Engimge2fi11 Balatonfired
TOPIC1: TAILORED PROPERTIES OF CONCRETE

(shown is load step: 654,8 — 768,8 kN, max. stientf226,1 kN) is not yet broken, but shows
a linear high strain area, where a crack will beetigping during further load.

Displacement  |& Displacement
[um] [um]
6.00 [ 200 NN
467 NI 156 N
333 . 1.1 ..
'L L ¥ ¥

200 67 N
067 NN 22 N
067 . 22 .
200 67
333 . IRl |
-4.67 . -15.6 N
6.00 - 200 N

Fig.1 Displacement of CEM V/A1 AT in X Fig.2 Dispglament of CEM V/IA1 AT iny
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011 011 .
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-0.56 NN 0.56 N
-0.78 NN 0.78 N
-1.00 . 1.00 [

Fig.3 Strain distribution of CEM V/A1 AT in x Fig:8train distribution of CEM V/A1 AT iny

P
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Fig.5 Displacement of CEM V/A3 SK in x Fig.6:Disptament of CEM V/A3 SKiny
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056 — 056
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Fig.7 Strain distribution of CEM V/A3 SK in x Fig8train distribution of CEM V/A3 SK iny

75



7th Central European Congress on Concrete Engie2€11 Balatonfired
TOPIC1: TAILORED PROPERTIES OF CONCRETE

5. FORECAST

The concretes are adjusted on the same workabibtiel therefore are comparable from the
viewpoint of obtained results. The adjustment afiarete mixture composition is based on:
1.) the same cement content — 370 Kg/fn) the same content of the same aggregates: 710
kg/m® of 0/4mm; 420 kg/rhof 4/8 mm and 695 kg/fnof 8/16 mm (river aggregate from
Vysoka pri Morave); 3.) almost the same w/c raligé/5 — 0,476 — 0,464 (around 0,47) and
4.) the use of superplasticizer Berament 05-10djrer BetonRacio, Trnava, SK) necessary
for Slovak CEM V/(A,B) cement kinds to maintainirige constant workabilities of the
concrete (slumps) between 40 and 50 mm.

The 28-day cube strengths between 42,0 - 47,0 MP&EM V/A (AT, SK) concretes and
30,0 - 38,0 MPa for CEM V/B (AT, SK) concretes ammnparable with those of the reference
CEM | 32,5 concrete (43,0 to 45,0 MPa). Cube stilegf CEM V/(A,B) - SK concretes are
enhanced by the superplasticizer use. Suction tgpatues are below 6 weight %. The tests
performed on cements, mortars and ongoing testamtrete specimens indicate the
suitability of CEM V/(A, B) cement kinds from Ausr and Slovakia for the use in
construction concrete.

As already shown, ESPI speckle interferometry jsoaerful instrument to observe crack
development in concret&nterweger et al., 2008By using the ESPI technique it is possible
to identify the velocity of crack development andestimate the ductile-brittle behaviour and
the tensile capacity respectively. Thus this metstoould allow to identify the differences in
physical properties of the various CEM V types @finent and concrete and to compare them
to standard CEM I. The first experiments show thatESPI test arrangement is working. The
displacement distributions of several samples wecerded at different load steps and strain
maps were calculated. The analysis of the existiagpn and further measurements are in
progress.
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SUMMARY

The use of the chemical and active mineral additionthe concrete and reinforced concrete
production allows to improve the cement stone $stinecthat conditions the improvement of
concrete technical-operational properties. Thearebseof the new additions and their use in
combination with known additions allows the mordl fealization of possibilities of the
adhesion substances, solution of cement econoiitigation of the residues and environment
defense problems. From standpoint of the utilizatdd the wastes, the big significance is
given to the use of the metallurgy wastes, pawdityl of superdispersed ones in the
technology of the heavy concrete and reinforcedicia.

1. INTRODUCTION

The use of other plasticizers in combination witpexdispersed wastes of the ferromagnetic
alloys is one of effective ways of the solutiontloé engineering-economical problems of the
building industry. From this standpoint the wastéZestafoni ferromagnetic manufactory in
Georgia - the dust of the silicomanganese (SiMaje- most remarkable. These wastes we
have used for production of high strength, ratiarad durable reinforced concrete.

In result of the experimental research there iabdished that, when in the heavy concrete the
superdispersed wastes of Zestafoni manufactorgradrhagnetic alloy is added, in the system
-“cement-aggregate-water”- the maximum approacbinipe solid grains is achieved by way

of increasing of their number. In such environmettie pozzolanic reaction between the

calcium hydroxide, created in result of cementrbiytze and hydration , and amorphous

silicon, existing in composition of superdispersegstes, actively runs, in result of which the

high strength, durable and high density concretditained.

There is known that in result of above mentioneattien the high-strength , small-crystal
calcium hydro-silicates type of CSH (B) are crdat®at conditions the additional increasing
of the density of the concrete structure.

There is established as well that the dynamicshafeasing of the strength of the concrete,
containing the small-dispersed wastes of Zestafdanufactory of ferromagnetic alloy as
addition, conventionally can be represented asity wf two processes — Mechanical and
Chemical.

2. BASIC PART

It should be noted that Zestafoni ferroalloys plamtrently produces only silicomanganese.
Silicomanganese — SiMn — is a silicious alloy thegpresents finely dispersed, powdered
(dustlike) mixture and that is catched by bag-tfilters of air-treatment facilities. In case of
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plant’s operation at full load the quantity of wea#t the filters reaches 80000-100000 ton per
year. Chemical compositions of finely dispersed tevasf ferroalloys melted in the near-
abroad countries and their basic properties anesepted in the Tab. 1 and Tab. 2. It should
be noted that chemical inhomogeneity is chara¢ierisr SiMn dust of Zestafoni ferroalloy
plant, that is caused by chemical composition of maaterials and different grades of melted
SiMn.

Tab. 1 Chemical Conipos

Microfiller's microsaturator's name Chemical Composition %

origin SiO, [ FeO; [ AAILO | CaO | MgO | KO+ | MnO | SG

3 Na,O

Novokuznetst Ferro-silico 89.f 2.0 1.7 2.6 1.76 891. 0.3
Chelyabinsk Ferro-silico 89.2 2.84 1.68 21 1.y5 431 _ 0.5

Yermak Ferro-silico 70.1 3.43 2.03 114 0.9 0.9 1 .4
Aktyubinsk Ferrosilicochrome 66.1 2.2 1.3 0.44 H46 1.8 _ 4.2
Zestafoni 1 Silicomanganese 252 2.64 4.27 18.6 4.02.1 35.8 4.2
Zestafoni 2 Silicomanganese 354 23 3.86 4,58 4.22.4 39.1 3.4

Thilisi Fly Ash 58.8| 55 314 0.2 1.0 2.2 _ 0.l

Tab. 2 Some physical and technical characterisficdtradisperse waste
of ferroalloy production

Plant Novokuznetst| Chelyabingk  Yermak Aktyubinsk staéoni 1 Zestafoni 2
Ultradispersed Ferro-silico Ferro-silico Ferro- | Ferro-silico- Silico- Silico-
leavings silico chrome manganese manganese
% of SIQ
89.7 89.2 70.1 66.1 25.2 35.4
hydravlic activity
98 94 58 40 14.2 25
water requirement
40 33 137 43 26 33
general density of
bulk, kg/n? 260 228 130 266 621 800
specific surface 20 000 — 20 000 — 25 000 20 000 — 8 000 - 12 000 —
area, g/cm 25 000 22 000 50 000 22 000 10 000 14 000

3. EXPERIMENTAL RESEARCH OF HIGH STRENGTH CONCRETE

Experimental part of the work has been carriediouhe Georgian Technical University's
laboratory, while other part has been done in theak Zavriev Institute of Structural
Mechanics and Earthquake Engineering.

Portlandcement produced by “HeidelbergCement” CEN32.5 A-S has been used during
tests.

Finely disperced waste (Si@ontent — 35.4%) of Zestafoni ferroalloy plant ddeen used as
ultradisperse additions, while ,,Glenium 27" aagticizing agent.

Content of 1ri of B40 grade concrete, with demotistraof its component materials’
fractions is given in Tab. 3.
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Tab. 3 The composition of concrete mixture

Cement Gravel Sand Water Plasticizer SiMn, water/
kg/m® kg/m® kg/m® I/m? ,,Glenium 27 kg/m® cement
5-10 | 10-20 0-2 2-5 %
mm mm mm mm
420 251.7| 671.2 167.8 587|3 145 1.3 70 345,

The samples were made — cubes 15x15x15cm, to isstattie concrete strength on
compression were tested in age3t 7; 14 and 28 days. The results of experimemg&en
in Tab. 4.

Tab. 4 Concrete compression strengths

Ne Ne B40 Concrete
Compression Strength, Mpa
3 Days 7 Days 14 Days 28 Days

1 25.6 40.5 44.3 51.8
2 26.1 38.8 45.5 52.5
3 27.6 38.1 46.5 54.3
4 26.5 37.9 45.6 50.2
5 25.9 37.1 46.1 55.5
6 27.1 36.5 44.3 51.9
7 26.0 39.7 45.8 51.4
8 28.1 38.2 43.5 50.3
9 25.6 39.3 45.6 50.8
10 26.3 40.1 47.5 52.7
11 25.8 38.6 48.0 53.8
12 25.0 39.8 44.8 50.8
Rave. 26.3 38.7 45.6 52.3

It should be noted that 25 km length road paverhastbeen arranged by above mentioned
concrete in the one of the regions of Western Gapmgamely in Guria. Application of
mentioned type of concretes is also foreseen at détilities of Georgia (in the construction
of roads, bridges, tunnels and in hydrotechnicaktrmiction).

4. CONCLUSIONS

Experiments have shown, that Silicomanganese frestafoni ferroalloys plant, with 35% of
SiO, is good for the production of High Strength Cotere
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SUMMARY

The reconstruction of Margit Bridge in Budapesaisignificant project in the life of the city.
The bridge is a protected national monument anddasrve the increasing traffic and public
transport too. Several new solutions are used duhie design and the building processes too.
In this paper some material properties of the temmyopavement of the Bridge are evaluated
and discussed, which was built with an innovataghhology in Hungary.

1. INTRODUCTION

The Margit Bridge in Budapest is a roadway abowh daridge with six spans and has a side
bridge to the Margit Island. The middle of the lyaeds curved (at 30° angle), here the pillar is
wider because of the connection of the side briddee bridge has key importance in the

traffic of Budapest; its last reconstruction wasrenthhan 30 years before 2009. The reinforced
concrete structure of the bridge was rebuilt after Second World War, but at 2009 was in

completely deteriorated condition and needed rept@nt. Due to the requirements changes
in the traffic it was also necessary to widen thegment of the bridge.

During the reconstruction it had to be maintainadite bridge of the tram traffic and of the
wheeled vehicles (building traffic, vehicles markeith distinctive, public transport, etc.) too.
Due to this the bridge was divided along the lamdjital axis of the construction and the
reconstruction was built in two sections. In thstfbuilding period tram rails were moved to
the south-side from the middle of the bridge (Hig.

= ==y LY
e ;1* e IAH—I[- ==
mmb{ tﬁm ) | 2

Fig. 1 Cross-section of the bridge during firstipérof reconstructiofiBenedek et al. 2010)

After milling of the asphalt layer the temporargutr rails were put to the existing reinforced
concrete slab. To ensure the wheeled vehiclesdradf the bridge, the gap between the rails
had to be filled up to the top of the rails. Be@wo$ the bad conditions of the structure no
additional load could have been put on the existindge. The milled asphalt layer was 12
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cm thick, the new temporary layer should be 20 lsicktbecause of the height of the rails and
the rails had also loaded the structure. In tie fitea the pavement would be wood. For this
the installation would be difficult and cca. 45C0° mood were needed, maintenance and
environmental problems encountered too. This panemveuld be very noisy and in winter
weather also dangerous. So the contractor MH-2@%@tium (K6zgép Machine and Metal
Structure Manufacturing Company Limited., A-Hid @®pzrt.(Hidépit Co.), Strabag MML
Ltd.) commissioned the Department of Constructioatdvials and Engineering Geology of
the Budapest University of Technology and Economi@gjive alternative structures and
materials instead of the wooden pavement. It wasooB to investigate the opportunity of
using lightweight aggregate concrete (LWAC) pavemémecording to the statical design,
body density of the applied lightweight aggregaiaarete had to be under 1500-1600 kg/m

(Fig. 2).

vagnil

. kBnoydbeton burkolat” 4 1

Lk

Fig. 2 The temporary LWAC pavement and a traminaiil (Nemes et al. 2010)

In Hungary earlier there was no example for usiigAC on bridges, but in worldwide there
are several examples for this, mostly in case efdinuctures not of pavemertg, 2000)
Based on earlier experiments we suggested to hMIAC pavement on the bridge, which
was finally allowed. The pavement had to work ao@e year long. The strength requirement
was low: LC 20/22 compressive strength grade wasigim This should not be increased
because of the durability requirements as the pamémas temporary. (e.g. 25 cycles of frost
resistance was enough instead of the common té&@daycles.) There was very short time
for the design procedure, so the optimal concretdune could not be tested and defined
correctly, so the requirements were defined basedearlier test results and technical
literature datgFaust, 2003)

2. DURABILITY

There are limited data are available about the hiliisa of LWACs in aggressive
environment. LWAC due to its closed cement-stomactiire is as waterproof as normal
concretes at the same water-cement ratio and hgaiat/el.

The frost resistanceof LWAC is good, if the aggregate itself is frassistant. Resistance

against de-icing salt frost of concretes made \aglgregate with high porosity is better as
others made with quartz aggregate. (e. g. in Cametaad of air entrainer admixture fine
crushed clay brick aggregate was u@ediélyi, 1997))

The water content and absorption capacaf concrete especially influence durability of the
structure, because most of the corrosive matefialg. chloride, sulphates) penetrate in the
material with water. Beside this other corrosiongasses need water (e. g. steel corrosion).
The porosity of LWAC is higher than of normal coeter, so the water content of LWAC can
be higher by air dry conditions, which could be artant in the point of view of durability.
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LWACs are rarely applied for construct abrasionstasit surfaces, because most of the
aggregates have bad abrasion resistance, so tieevalg few research results in this field. So
we have made a test to compare the abrasion resstzf a normal concrete and LWAC
made with expanded clay aggregate with the sameememmortar matrix. The volume
reduction of abrasion showed, that the normal ecgrccorresponded to the highest XK4(H)
grade, and the LWAC to the XK3(H) grade. Altogethghtweight particles did not bleeded
from the surface during the abrasion test duedd#tter bond between lightweight aggregate
and cement stone.

3. LWAC MIX DESIGN FOR THE TEMPORARY PAVEMENT ON MA RGIT
BRIDGE

Based on our research results and the refereneedottowing described LWAC was
suggested: cca. 1600 kg/rhody density, minimum LC20/22 compressive strengtade,
expanded clay aggregate (with min. 4 N/manush resistance). This mixture by adequate
quality controll can be correspondent to abrasforst and deiceing frost resistance in the
designed one year lifetime. The mix design was nigdelolcim Zrt. With the leadership of
Béla Migaly tests were made for determine defieitimix parameters.

Sign of concrete:
LC20/22-XC1-XF4-8-F2

Mix:

CEM1425R 360 kgfm

Water 180 kg/m
il Water-cement ratio: 0.5

0-4 mm sand 420 kd/m

Liapor HD 4-8 (5N): 600 kg/fn

Averak FM 66T: 0.5%

Ravenit V7: 0.5 %

Ravenit LP Mischal: 0.2 %

To reduce body density and increase
frost resistance of LWAC 8-10 V%

Fig. 3 LWAC pavement air content was taken in the concrete.
Before the mix design procedure the following prtipe of expanded clay aggregate were
determined (EN 13055-1:2002):

e Water content: 10 m%;

« Dry bulk density: 730 kg/fh

* Water absorption capacity: 18 m%;

« Particle density: 1210 kgfin
After testing six test mixtures, changing the cenwemtent, the lightweight aggregate content
and admixture dosages the target properties waoheel.

4. TESTS AFTER UNBUILDING

The temporary LWAC pavement was unbuilded in J@§®@ This did not mean the end of
our investigations. During unbuild of the pavemétfter it worked one year long) we took
specimens from the LWAC and later took severakteatthem. The same tests were taken on
specimens were made at the building of the pavemmhistored in laboratory conditions. So
we could determine the affect of the environmentaiditions on LWAC properties. In the
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laboratory long term tests were also taken, whighlat not be made before building of the
pavement. New results can be applied later in LWsAGStructions.

Thefrost resistancevas tested on prism (non-standardized 70 x 700xr@%) specimens for
50, 100 and 150 cycles, with the same referenceirapas. The requirement was 25 cycles.
Each tested specimen case the compressive straraghreduced by 15%. However the
specimens were not standardized it can be seethibas almost the limit of the compliance.
It was interesting that the compressive strengmdi reduce between 50 and 150 cycles.

The Young’s modulusvas also tested on 70 x 70 x 250 mm prism speano@n100 mm
length, with loading the specimen up to the 1/8itthe compressive strength in 3 cycles. The
average of measured values of the Young’ modulus ¥a070 N/mrh This corresponds
with the calculated value of the standard ModelCb@@0 based on the compressive strength
and the body density of LWAC:
1 The reducing coefficient for LWAC:

2 2
(Lj :(@j = 0435
2200 2200

Calculating with LC20/22 the result is: 13 500 N/fam

i of fom )2
E. = 215x10° x| —<n
10

Shrinkagewas measured also on 70x70x250 mm prism specifnemsl to 421 days age on
the surface of the concrete on 200 mm basic lertgpecimens were tested. After 421 days
the average shrinkage was 0.8 %o, which is unexghctmod value in case of LWAC. At 1
week age 0.1 %o and at 3 months age 0.7 %o averagkafe was detected (Fig. 4).
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Fig. 4 Shrinkage of LWAC specimens
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SUMMARY

The Ultra-High Performance Concrete (UHPC) is a rigpe of concrete, used more and
more in slender prefabricated structures. Theraraey worldwide researches regarding this
type of concrete that have revealed very good nmecakhand durability properties (such as
compressive strengths larger than 150 MPa, dungbiitc). UHPC matrix is brittle and,
consequently, different types of steel fibers atéeal in order to increase its ductility.

This paper presents the experimental research dsweending behavior and fracture energy
of UHPC elements. The UHPC compositions were desigrsing different parameters such
as fibers type and fibers volume. Two types oélsfibers were used: short straight fibers and
long hooked-end fibers. The fibers were added dwithy(50% short+50%long fibers) or as

single type (100 % long fibers).

1. INTRODUCTION

In scientific literature can be found many paramsetbat can describe the ductility of ultra-
high performance concrete reinforced with fibershuailding materials in general.

The most important parameters to describe the lductiaracter of a material are: fracture
energy and characteristic length (the minimum aredw length of a fiber in the concrete
matrix).The purpose of this project is studying thacture energy depending on three
parameters: the volumic percent of fibers (1.592.65%), type of fiber used (only the long
and hybrid ones), but also the dimensions variatiothe samples (prisms with 100x100x400
mm and 150x150x600 mm).

The fracture energ{(Gf) is defined as the amount efgnneeded to completely separate a

sample (ex: a prism submitted to bending). Theasttaristic value of this can be determined
computing the area beneath the effort diagram hadleflection measured at mid-span. As
the value of the fracture energy increases, theendoictile the material is (it has a large
deforming capacity even after reaching the maxint@aring capacity and the fracture occurs
slowly).

The most frequently, fracture energy is determioegrism samples submitted to bending in
4 points. Between the two applied forces, the mdrhas a constant value and the shear force
is zero.

These two have a slot in the middle with a minimeight of 0.1[& ( a-the dimension of the
cross-section) to induce the starting point of fissure (due to weakening of the section).
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Both RILEM (RILEM —Technical Recomandation for the testing aiseé of construction
materialg and Japanese standard€I¢S-001-200Bspecify the fact that they can be used to
determine both forced-crack mouth opening displasdgncurve (F-CMOD) and forced-load
point displacement curve (F-LPD) from the mid-span.

2. EXPERIMENTAL PROGRAMME

To achieve ultra-high strength concrete were ustxbl sfibers having the following
characteristics: long fibers with #£8;=6/0.175and short fibers with Lfd,=6/0.175 (where
Lfq; Lf, - fiber length and g d, - fiber diameter)fosa 1. 2019

The fracture energy was determined on prism sanvpiksfollowing dimensions: 100 x 100
X 400 mm and 150 x 150 x 450 mm. The volumetricpetages of the elements were 1.5%
respectively 2.55%. The elements were realized twttrid fibers (50% long fibers and 50%
short fibers), and also only with long fibers faach volumetric percent separately. There
were executed minimum 6 elements separately fdr ggue of prism, reinforcing percent and
type of fibers. In Fig. 1 is presented the testimade of the elements:

F m—
S g

= S v S

50,10,

Fig. 1 The characteristics of a section and thenesle

3. RESULT AND DISCUSSIONS

The fracture energy was calculated by determinimeydharacteristic curve between the load
and deflection related to the RILEM methodology,pism samples (100x100x400 mm and
150x150x450 mm) submitted to bending in 4 pointse Experiment was performed with a
digital hydraulic press with both deforming velgciand constant loading. During the
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determination there were measured both the deflecti the mid-span and the opening of the
fissure after reaching the ultimate deformatiorthed concrete matrix. Loading velocity has
the value of 250 um/min. In Fig. 2 and Fig. 3, &hex presented the relation load-deflection,
in the case of studied elements.

100
90 .,"n"'--"-.. ------ Long fiber-
80 ;\ ."-_ 2.55%
20 AN *., = = Long fiber-
= 60 N\ .. 1.5%
S50 SO b

\ ' \I. \ .-"
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3 30 f N L -
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Deflection [mm]
Fig. 2 Characteristic curves load-deflection fasprs with 150x150x450mm dimensions
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Fig. 3 Characteristic curves load-deflection fasprs with 100x100x400mm dimensions

The tensile strength in bending and the ductilityth® realized elements, are influenced by
volumetric percentage of fibers and by the typeisdd fibers. Both experimental values and
geometrical characteristics are presented in Tab. 1

The sample dimensions’s influence over the fractuergy (@ is the following:
- For prisms of 150x150x450mm with volumetric perceh.55% fibers, @increases
with 29% besides the case of the 100x100x400mmmgtis
- In the other cases (for volumetric percentages.®#6l 2.55% - hybrid fibers,but also
for volumetric percent of 1.5% long fibers) @ecreases indirect proportionaly with
the increase of the sections, as shown in Tab 1.
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Tab. 1 Fracture energy; G

Concretel Specimen | Ligament | Volumetric| Type Gy fem,cub
type dimensions | dimensiong percentage  of

[mm] [mm] [%0] fibers | [N/m] | [MPa]
100x100x400 100x75 2.55 hybrids 8923 | 189
100x100x400 100x75 15 hybrids 7535 | 178
100x100x400 100x75 2.55 long | 19930 184

% 100x100x400 100x75 1.5 long 7345 172
% 150x150x450 150x115 2.55 hybrids 5210 189
150x150x450 150x115 1.5 hybrids 3840 178
150x150x450 150x115 2.55 long| 25776 184

150x150x450 150x115 1.5 long 34385 172

4. CONCLUSIONS

- Higher strengths lead to a significant reductioeliements’ deadweight thus lowering

their transportation costs while also achievingatge spans.

- Increased ductility and greater energy absorptEcommend their use in Seismic

Areas.

- The reduction of concrete volume for structuralnedats to only 1/3+1/2 of their

conventional volume.

- Due to the ductile behavior of UHPC with steel fibeinforcement, no shear

reinforcement is needed.
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SUMMARY

Concrete sawing waste is sludge (SL) containingllstcoacrete particles and water. The idea
of presented work is application of the sawing gkiih concrete production as micro filler.
Micro particle size distribution of sludge was detsed and compared with traditional micro
filler. Experimental work included preparation aaditional and self-compacting concrete
containing sawing waste. Test results indicate gsorkability characteristics of the concrete
mixes containing sawing sludge. In the case of-g@ifipacting concrete containing high
dosage of sludge, reduction of mechanical propem@s recorded. Experimental results
indicate that it is possible to find the optimumsdge of sludge, which ensures the required
performance characteristics of concrete.

1. INTRODUCTION

Extrusion technology in modern pre-cast concredmtpprovides sawing of concrete elements
with diamond tool in water environment. Concretavisg sludge (SL) is stored in special

tanks for further utilization. The average amouhpmduced waste is about 0.5-1% of the
total amount of concrete. Sludge utilization israljpem in operation of a pre-cast concrete
plant. The main idea of the presented work is appbn of the sawing sludge in concrete
production as micro filler.

The information about utilization of the sawing diye is not sufficient. With the increasing
volumes of concrete production it is turning intosarious environmental issue. The
information, which is generally available, is abadhie waste water and water sludge
containing residual cement from concrete mixinghfdaand agitator truck@&Chatveera et al,
2006) The authorgSato et al, 199%leclare that sludge water with 3% of solid contaiib
can be used up as mixing water if the constant amofready-mixed concrete is produced
every day.

2. SLUDGE CHARACTERISTICS

Concrete sawing sludge (SL) being investigated asenml taken from real pre-cast concrete
plant. Used waste material contains 70% of water 200 of dry small concrete particles.
The size of more than 95% of particles being l&s81t0.063 mm. Bulk density of sludge
paste 1240 kg/fhand dry particle density 2650 kgim

Particle grading analysis was determined by lagénadtion method, test was performed in
water environment. The results indicated the presef fine particles with a wide size range

from 1 up to 2Qum, the average particle diameter being &
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Significant differences of gralunometric composit@mong samples which were delivered at
different times were not observed (Fig. 1). Gradtugves determined for traditional micro-
materials: dolomite powder, silica fume (microsaiand normal Portland cement type | are
shown for comparison on Figure 1. According todlag of grading analysis, the particle size
distribution of sludge is similar to cement. Pdescof dolomite powder are more coarse 10-
100 ym) but silica fume is the finest material with staalparticle diameter up to gm.
Granulometric composition results are necessanydier to design the concrete composition.
It makes possible to provide an optimum particlekpzg.
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Fig. 1 Comparing of grading size distribution

3. METHODS AND MATERIALS

Experimental part included preparation of ordineoycrete mixes (OC) and self-compacting
concrete (SCC) containing saw sludge as micra fisl@awing waste was added to the concrete
mixes in the initial paste form. It allowed avoidiradditional drying and grinding of the
material.

Local commercially available materials were usedi@as and coarse aggregates. Dolomite
powder (D), silica fume (SF) and concrete sawinglgé (SL) were used as micro fillers.
Standard portlandcement CEM 1 42.5 was used asrigiraent. Concrete components were
mixed in the laboratory drum mixer for 4 minutessting samples — 100 x 100 x 100 mm
cubes were produced. Standard curing conditiomapgeature 20+, RH > 95+5%) were
provided during the process of hardening. Samplenpressive strength testing was
performed according to LVS EN 12390-3:2002 standaai® of loading was 0.7 MPa/sec.
Consistency of ordinar concrete mix was tested gusitandard cone slump test, but self-
compacting concrete consistency was tested by name flow and V-funnel methods.

4. CONCRETE MIX COMPOSITIONS AND TEST RESULTS

The first part of experimental work consists of ingkreference concrete mix and replacing
part of sand by sawing sludge. Mix design and casgive strength results are summarized
in Tab. 1. It was observed, that concrete mixedainimg sawing sludge have more plastic
and homogeneus consistency comparing to referemcebxperimental results indicate that

optimum dosage of sawing sludge 1.5 % (36 Ry/maximum compressive strength result
was achieved in this case.
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Tab. 1 Concrete mix compositions and compressrength

Percent of sludge: 0 1.5 2.5 5.0
Portlandcement CEM | 42.5
N 350 350 350 350
Gravel 10/20 mm 520 520 520 520
Gravel 2/10 mm 520 520 520 520
Sand 0/4 mm 730 719 712 694
Sludge 36 61 122
Water (added + sludge water) 215 215 220 225
Water / cement ratio 0.61 0.61 0.63 0.64
Concrete mix:
Cone slump, mm 190 190 160 155
Charecteristics of concrete Little Quite homo-| Plastic and Plastic and
mix: segregation geneous | homogeneous homogeneous
Compressive strength, MPa
2 Day 20.8 21.0 19.9 20.0
7 Day 29.5 31.4 29.4 29.0
28 Day 37.3 415 36.0 36.7

The second part of experimental work consists okinga self-compacting concrete mix
(SCC). Two types of SCC mixes were elaborated: witment content 360 and 445 kg/m
Mix compositions and compressive strength resuéssammarized in Tab. 2.

Tab. 2 SCC mix compositions and compressive sthengt

Mix composition: SF-1 | D | SL-1 SF-2 | 50/50 | SL-2
Portland cement | CEM 42.5 N 360 445
Gravel 2/16mm 900 820
Sand 0/2mm 830 790
Silica fume 60 90 45
Dolomite powder 60
Saw sludge, moisture content 70% 200 150 300
Saw sludge, recalculated to dry 60 4% 9D
Super plasticizer 7.0 7.0 7.0 10 10 1]
Water, incl. sludge water 193 187 204 190 201 233
Water / Cement ratio 0.54 0.57 0.5 0.43 0.45 0.52
Properties of fresh concrete:
Cone flow, mm 510 595 510 510 51( 49D
Time 500 mm, sec 3.7 3.2 3.4 5.6 5.9 2.b
V-funnel time, sec 5.6 18.5 6.9 8.7 9.1 5.9
Compressive strength, MPa
2 Day| 30.6 30.0 29.0 40.5 37.1 36.3
7 Day| 52.6 52.9 43.9 64.3 56.9 51.%
28 Day| 71.4 65.5 53.9 92.3 86.9 68.3

Water dosage in concrete mixtures was selecteddier do provide the required SCC concrete
flowability. The results of the experiment showdrhtt concrete mixes with concrete saw
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sludge require more water to achieve mix consigtefibe most prospective results were
demonstrated by the 50/50 mix based on the congositro filler containing 50% of silica
fume and 50% of saw sludge fine particles. At the af 28 days, the compressive strength of
that mix (86.9 MPa) was just 8% lower in comparisohe mix with silica fume (92.3 MPa)
and 27% higher in comparison to the mix SL-2 walvsludge (68.3 MPa). Such satisfactory
results can be attributed to improved micro paetmhcking properties resulting from optimal
micro filler combination.

5. CONCLUSIONS

Test results indicate good workability charact@ssbf the concrete mixes containing sawing
sludge as micro-filler. Adding concrete sawing gledo ordinary concrete (OC) improves
homogeneity of the mix and prevents segregationdg amount above 50 kgfmequires
more water, as a result decrease in compressieagshr takes place. Experimental results
indicate that it is possible to find the optimumsdge of sludge, which ensures the required
performance characteristics of concrete.

Experiments with self-compacting concrete (SCC) tares confirms possibility to obtain
good self leveling properties using only sawingdgiel as a micro filler (200-300 kg#m
Unfortunently decrease in compressive strengthstpkace as high dosage of sludge requires
more water and higher water/cement ratio.

Composite micro-filler (microsilica + sludge) wasoposed as a compromise solution. The
mix with the combined micro filler 50/50 contentO@s silica fume and 50% of the sludge
particles) looks prospective. It shows satisfact@gults of compressive strength by utilizing
a relatively small quantity of silica fume (it ise most expensive part of concrete mix).

The results of research help to select the most®¥e way to utilize concrete sawing waste,
taking into account economical and ecological elspe
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SUMMARY

Present paper introduces the advanced drying stgenksolution for reinforced concrete
structures: Shrinkage-Compensating Concrete. Theeq of full shrinkage compensation by
means of restrained expansion of concrete will Bplagned. Shrinkage-Compensating
Concrete mixtures made with commercially availad@ansive additives in Europe will be
evaluated regarding their expansive propertieshfelnd hardened concrete performance.

1. INTRODUCTION

Shrinkage-Compensating Concrete is customized itoiredte the destructive effects from
drying shrinkage on reinforced concrete structuitgeovides full shrinkage compensation by
achieving the controlled expansion of the matetfadesigned and built properly it results in
concrete structures with zero net volume changezana stress induced by restrained length
change (from drying shrinkag€ACI Committee 223)The objective of present study is to
adapt Shrinkage-Compensating Concrete to the Earmopenditions and to educate the
engineer community about the beneficial effects shirinkage compensation by the
mechanism of restrained expansion of concrete.

1.1 Research motivation

Volume change from shrinkage is one of the mostirdental properties of concrete, which
affects the load-bearing capacity, durability, smeability and causes unsightly cracks.
Shrinkage comes about due to the moisture loss émmarete. The mixing water in concrete
is only partially consumed by the chemical readioh cement hydration. Depending on the
cement type, above 0,2+0,3 water to cement radtergetis residual free water in the hardened
concrete upon hydration. In general the w/c rasiaiound 0,5 for normal concrete. Thus
concrete structures subjected to drying conditiails shrink due to the departure of free
water from the concrete bodindess, S., Young, J., F., Darwin D.)(Mehta, Manteiro,

P.). Volume change due to shrinkage is of considerabjportance because in practice these
movements are usually partly or completely resedifby reinforcement, subgrade friction,
adjacent structure, etc.) therefore inducing str€smcrete cracks upon shrinkage due to the
tensile stress introduced by restraints opposirntgeshortening from shrinkage. It is difficult
to make concrete which does not shrink and cradkcaxcrete shrinks. It is only a question
of magnitude. The question is how to reduce thenkhge and shrinkage cracks in concrete
structures. As shrinkage is an inherent propertgooicrete it demands greater understanding
of the various properties of concrete, which infloe its shrinkage characteristics. It is only
when the mechanism of all kinds of shrinkage aral fdctors affecting the shrinkage are
understood, an engineer will be in a better pasitm control and limit the shrinkage in the
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body of concrete. As one cannot avoid shrinkageptiveiple in current engineering practice
is to employ various gimmicks (e.g. contractionnje) to accommodate the stresses from
restrained drying shrinkage in order to preservectiral soundness. Unlik8hrinkage-
Compensating Concreteat eliminates the tensile stress from restrained ryyshrinkage
without the need for any discontinuities (=craaint) in the concrete structur&hrinkage-
Compensating concrete has not been utilized téultspotentialities in Europe yet thus to
launch that process became the governing motivieeostudy.
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Original Length Original Length
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Fig.1 Length change of Portland Cement and Shriedagmpensating Concrete

1.2 Concept

The idea of shrinkage compensation by utilizing thduced prestress coming from the
restrained expansion of expansive concrete wagatiit in the U.S. The purpose of
Shrinkage-Compensating Concrete is the full comgms of drying shrinkage in concrete
by achieving the controlled expansion (right degieterval and rate) of the material that is
under restraint. Shrinkage-Compensating Concrefeares in the first few days upon
pouring, and a form of prestress is obtained bytra@gsng this expansion with steel
reinforcement. Since concrete is bonded to steglamsion stretches the steel reinforcement
thereby it is put in tension and concrete —as ati@a- into compression. When moist curing
is over Shrinkage-Compensating Concrete shrinks ggsPortland cement concrete does.
However the tension introduced by subsequent fasttadrying shrinkage will be offset by
the pre-compression in concrete so there is no foaensile stress from shrinkage length
change in the structuf@®CIl Committee 223)ig. 1 is the graphical representation of length
change compared to portland cement concrete. Bysnafathe above described phenomenon
we are able to construct reinforced concrete sirastwith no shrinkage cracks without the
need for further provisions to accommodate the harmstresses from restrained drying
shrinkage.
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2. EXPERIMENTAL PROGRAM
2.1 Material properties

In the scope of present study one typical conarex¢ure has been looked at with various
types and ratios of expansive additive to creatinsfige-Compensating Concrete. As for the
concrete mixture itself, it was made with natureér sand and gravel, maximum aggregate
diameter was 32 mm; CEM | 42,5 N type Portland acgme&s used as binder; to achieve
Shrinkage-Compensating Concrete different ratidBatland cement was replaced by
expansive additive. The expansive additive is adukt cement with expansive properties so
when determining the water to cement ratio the wlawhount of binder entails the joint
guantity of cement and expansive additive. The armhotibinder was kept constant, 330
kg/m®, for each mixture with w/c=0,53. Polycarboxylagsbd superplasticizer was used to
increase workability - 1% by weight of binder - aaldo kept constant in order to reveal the
effect of the different types of expansive additbreworkability. Tab.1 contains the mineral
compositions of each expansive additive.

Tab. 1 Expansive additive mineral Tab. 2. Concrete mixture composition
compositions
Mineral EXP#1 | EXP#2 | EXP#3 specific
_ (%) (%) (%) constituents density composition
30 58 29
C:4 %S cement 315
- 20 - i :
CZ_S binder expansive 330 kg/rﬁ
CsS 40 7 50 additive 28
CsS 5 - - water 1 |175Unt
C.AF 2 - 2 sand 0/4 2,64 | 680,4 kg/th(36%)
CA i - 8,5 gravel 4/8 2,64 |264,6 kg/h(14%)
CuLA, - - 0,5 gravel 8/16 264 | 4725 kg/th(25%)
CAS - - 8 gravel 16/32 264 | 4725 kg/fh(25%)
MC Powerflow 2743
free CaO 20 3 3 superplasticizer 1,1 |1% by weight of binde-
other 3 15 2 unit weight 23984 kg/rh
s 100 100 100 w/c 0,53

Concrete expansion, in the case of Shrinkage-Cosagieig Concrete, comes about due to the
hydration of Alumina-Sulfate-Calcium Oxide ternaystem(Klein, A. 1966)

C,A,S+6C+8CS+96H - 3C,AS,H.,

The reaction product is Ettringite (6Ca8I,0;03S0;032H,0). The underlying reason of
expansion is that Ettringite occupies more spaaa those constituents it evolved from. The
expansion takes place during the first few dayseumeet curing. It is completely controlled,
meaning the desired degree of expansion on theé r&gé occurs during the right period of
time. Upon the removal of curing concrete starigrdy. Tab. 2 presents the concrete mixture
composition that was kept constant except for thment+expansive additive ratio. Three
types of —in Europe commercially available- expaasidditives have been used. EXP#1 and
EXP#3 are expansive systems, containing all theerala needed for the above mentioned
reaction. EXP#2 is a high Calcium-Sulfoaluminatenteat material, for the expansive
reaction it requires the further addition of Sufa(in the form of Calcium Sulfate). From the
concrete mixtures that have been looked at fivpresented in the paper with the binder
compositions shown in Tab. 3.
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Tab. 3 Binder composition for each of the testeacoete mixtures

Binder

Portland Calcium

cemer EXP#1| EXP#2| EXP#3 S
Mixture designation
EXP#1 90% 10% - -
EXP#2-1 90% - 66% - 33%
EXP#2-2 90% - 5% - 5%
EXP#2-3 90% - 43% - 57%
EXP#3-1 85% - - 15%
EXP#3-2 80% - - 20%

2.2 Sample fabrication and test methods

Since to adapt Shrinkage-Compensating concreteutopgan application was the main aim
of the research the most important fresh and hadieconcrete properties have been
investigated: compressive strength gain — measomelb by 15 by 15 cm cubes according to
EN 12390-3:2009EN 12390-3:2009at the age of 3,7 and 28 days; expansion — mahsure
7,5 by 7,5 by 25 cm bars according to ASTM C8&X8TM C878/C 878M-03pr 28 days and
even after; workability — measured by drop tabdevftest according to EN 12350-5:20(FN
12350-5:2009110, 30 and 60 minutes upon adding water to theeBysThe strength gain and
expansion potential are very closely connectedatheother. Some of the aspects: if not
sufficient strength you lose the expansion, withting bonds the solid particles reorganize
themselves without the increase of the whole volaieoncrete (1); if the early strength is
very high it reduces the expansion (2); if it exgutbeyond 7 days the excessive expansion
causes microcracks and reduces the compressivegstré3). These are the most important
aspects by reason | chose (and everybody who ishied in Shrinkage-Compensating
Concrete) to monitor these properties. All furthencrete properties are basically the same as
for Portland cement concrete since only a minotiporof
cement is substituted with the expansive additiVée
addition of expansive additive influences the fresimcrete
’ characteristics so it has been checked to ensufeisot
_— i workability for concrete placement. To determinee th
expansive potential of a certain mixture restrairiedgth
change concrete bars are used having two end plates
of concrete
Fig. 2 Restraining cage for connected by a threaded rod according to ASTM
determining restrained expansion C878(ASTM C878/C 878M-03Fig. 2).

3. RESULTS AND DISCUSSION

Expansion is the most relevant property of Shriek@gpmpensating Concrete. The expansion
takes place in the first 7 days upon casting. Apansion that takes place beyond 7 days is
detrimental regarding the compressive strengthdamdbility of concretd ASTM C845 — 04)
Furthermore we will not achieve the full potentadl expansion without wet curing, as the
creation of Ettringite requires water in vast qutéeg. The concrete expansion bars were wet
cured —as determined in ASTM C878- for 7 days. Wifh20% substitution of Portland
cement by various expansive additives we get 7 @apsinsion between 0,023 and 0,046%
(Fig. 3). The goal is to obtain an expansion stthat equals to or slightly greater than the
anticipated drying shrinkage strain of the reinémfconcrete structure. Thus EXP#1, EXP#2-
2 are proper Shrinkage-Compensating Concrete negturterms of expansive potential.
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Fig. 3 7 days expansion for different expansiveitads

Upon the removal of curing water Shrinkage-ComptngaConcrete shrinks the same
amount on the same rate as conventional Portlantereconcrete and eventually the net
volume change from drying shrinkage becomes 0.4 yesents the 28 days volume change
(EXP#3 mixtures are not presented since thoseareger than 28 days yet).

It shows that after 7 days all concrete mixturagng&h so excessive expansion does not occur
in any of the cases. The type and quantity of espanadditive of this order of magnitude
(10%) does not affect the drying shrinkage charaties. As it can be seen for mixtures
EXP#2-1 and EXP#2-3 the net volume change is ayredakse to O at the age of 28 days.
However in 28 days only part of the drying shrinkaappears so they are very likely to go
into contraction at later ages. To achieve fulirdkage compensation, concrete never goes to
contraction. The net volume change is either Gtibe kbove. In turn the curves of EXP#1 and
EXP#2-2 mixtures are very promising and based teraliure and practice that kind of
expansion will preserve the structure in slightangion or about 0 net volume change from
drying shrinkage.
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Fig 4 28 days volume change for different expananitives

The performance of Shrinkage-Compensating Congdiest monitored by tracking both the
volume change and compressive strength. Fig. Septesthe 3 to 28 days compressive
strength values for the above 4 mixture. The cosygwve strength gain and final values are
practically the same for each mixture. In each €ase get C25/30 concrete. With pure
Portland cement (330kgAnw/c=0,53) we would get the same strength class.
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table flow test
For the proper quality of concrete in the structywed concrete workability is inevitable. The
desired workability varies from project to proje&s the present mixture composition was not
made for a specific job the desired workabilitydistermined as 52+2 cm drop table flow
diameter that should be kept for at least an hoaty EXP#1 mixture satisfies this (Fig. 6),
the rest of the mixtures are not even close to riegetrequirement. However it was not the
point to make all mixtures comply with the presedbworkability characteristics but to
present the effect of expansive additives of déffertypes. By changing the type and amount
of superplasticizer or by employing different adtunes the workability can be adjusted to
the current needs. This is the subject of furtbeearch.
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4. CONCLUSION

Current design and practice considerations asstmaie concrete will crack to relieve the
restrained strains from drying shrinkad®ehta, P., Monteiro, P.) With Shrinkage-
Compensating Concrete finally a new era of shriekaglutions dawned on us. Shrinkage-
Compensating Concrete is available in Europe. l&dapted to the local materials and its
performance meets the requirements set by US wseand experience. There are 3
companies commercializing the expansive additiveurope that it has to be mixed with. For
each expansive additives: 1.) adequate expansidri2gnsatisfactory compressive strength
increase throughout the first 28 days was provedtudly, Shrinkage-Compensating
Concrete is recommended for any type of structureresthe provisions that have to be done
due to drying shrinkage are too expensive, timesgoning, need excessive maintenance
during the life-span or simply a high quality stwe without drying shrinkage joints and
cracks is needed.
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SUMMARY

New design approaches to predict the ultimate lcephcity of SFRC beams subjected to
shear are based on fracture mechanics. These Isedeneloped design models are able to
predict the ultimate shear loads more accurate tharsemi empirical formulas who were
developed in the past. However, when the fractueehanics based approach is applied, a
widely accepted test method to characterise theentlofitacture process of SFRC is of great
importance. As a first step to gain more insighthrs fracture process, a new formula is
proposed to calculate the maximum shear @fed8FRC subjected to direct shear by means of
a modified JSCE SF-6 test setup.

1. INTRODUCTION

In the past, mainly Z-type push-off specimens wased to characterize the behaviour of
SFRC in direct shear. Regarding the complex sfiekts showing up around the shear plane
during these tests, several research@dirsayah, 2002) (Majdzadeh, 2006)and
(Appa Rao, 2009) adopted a standard test setuplajmd by the Japanese Standards for
Civil Engineering (JSCE SF-6, 1990) which can benael as a push-through test rather than
a push-off test. The main goal of these experiments investigate the influence of fibres to
the direct shear behaviour of SFRC. Based on thdtseobtained by the authors and similar
tests conducted bfMajdzadeh, 2006and (Appa Rao, 2009) general applicable formula is
proposed to predict the maximum shear load of SB&§Jected to a push-through test.

2. EXPERIMENTAL TEST SETUP

A total of four different concrete mixes (with alume fraction of fibres equal to 0%, 0.25%,

0.50% and 0.75%) were adopted. The cement contetiteoconcrete mix was equal to

390 kg/m3 and the wi/c ratio was kept constant48.0All SFRC mixes contained low-carbon

Dramix® RC 80/60 BN end-hooked steel fibres, whick 60 mm long and have a diameter
of 0.75 mm.

Each mixture was used to cast six 150 x 150 x 568 prisms for the determination of the
direct shear strength as well as three cubes wdin Isngth 150 mm and three cylinders of
150 mm diameter and 300 mm height to determinectimepressive strength and modulus of
elasticity. After 24 h of casting, all specimensravédemoulded and notches of 4 mm width
and 10 mm deep were cut in the two vertical fadebedirect shear prisms (i.e. modification
with respect to the original JSCE SF-6 specimehsitil the age of 28 day, when all

specimens were tested, the push-through specimeresstored at 20 °C and 95 % of relative
humidity.
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The push-through shear test was conducted by nefamsnodified JSCE SF-6 standard test
method, which is shown in Fig. 1. The test is cared in two stages. In the first stage, to
avoid undesired effects of bending, both ends iaezlfvertically and the specimen is loaded
until first visible appearance of the two imposéxka cracks. In the next stage of the test,
crack dilation should occur, so the vertical rastsa were removed to eliminate the
development of internal forces due to friction. Dgrremoval of the vertical restraints, the
applied force was kept constant. The vertical dispment of the middle part, denoted as the
slip, was monitored by means of an Linear Varidbigplacement Transducer (LVDT). All
performed tests were displacement-controlled (0n@d/s) to investigate the post-peak direct
shear behaviour of SFRC. The tests are stopped wlaehing a slip of at least 15 mm.

1 10 mm deep notch

7222

150

171 ‘ 4 150 4 171

Fig. 1 Used specimen and test setup for a modif®&dE SF-6 push-trough test.

3. RESULTS

As expected, all tested specimens failed alongptbdefined shear planes which are induced
by the vertical notches. For approximately onedthaf the specimens, a small vertical
bending crack appears due to small geometrical rfeggons inherent to the test
configuration. These fine crack openings (ca. Or02) close while load is increasing and the
prism is failing in shear.

The mean curve (mean of six specimens) of the medsioad-slip response is shown in
Fig. 2 per volume fraction of fibres. Hereby, theear load is the load that acts on one shear
plane (i.e. the measured applied load divided bg)twt is clear that this load can
significantly be increased by adding fibres to tbhacrete matrix: the ratio of maximum shear
load between SFRC with 0.75% of fibres and the @ference mix is about 2.5. The
ascending branch of the load-slip curves is quasat. When no fibres are added, a brittle
failure has been observed. While in case of the GlpRsms, the post-peak branch of the
load-slip curves indicates a more ductile behavighen failing in shear. After the peak, the
direct shear load decreases exponentially andeidual load at higher slip values seems to
converge to the same ultimate load for all différggpes of SFRC. The same tendency was
found by(Majdzadeh, 2006).

The mean value of the maximum shear stress asctidarof the volume fraction of fibres is

shown in Fig. 3. Hereby, the shear stresses acellatédd by dividing the average shear load
by the cross-section of a single shear plane. Asolowest and highest maximum shear
stress of each series is set out to give an iddaeddcatter of the test results. Fig. 3 shows, for
the tested range, a linear relationship betweenrban value of the maximum shear stress
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and the volume fraction of fibres. This is quitensar to the conclusions of others researchers
(Majdzadeh, 2006 & Appa Rao, 2009).

300 Torrorore i 0.75%|! 20,0 14,74
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Slip [mm] Volume fraction of fibres [%)]

Fig. 2 Load-slip curves for each volume Fig. 3 Maximum shear load vs;.V

fraction of fibres from 0% to 0.75%.
4. PROPOSED FORMULA

During testing, the observed crack width at maximsihear load are relatively small in
comparison to the slip. This might indicate thdtfibres are first subjected to a very local
shear force before being pulled out (which is nsagsfor the ductile post-peak behaviour).
Therefore the increase in shear stress was fouhd o relationship with the amount of fibres
crossing the shear plane, the concrete compressieegth, the dowel force that a fibre can
reach before it breaks and the fibre volume fractio

For the experimental test results of (Majdzadel962& Appa Rao, 2009) and the current

research project, a relationship between the iseredshear stregemax and the fibre volume
fraction k was found, taking into account the aforementionédencing parameters (Eq. 1).

A —_ f 25 N f Fd Vf
Tmax = Tem (Eq. 1)
A, 821+1989V,)

With

Vi volume fraction of fibres [%]

N¢ the amount of fibres crossing the shear crack [-]

Fq ultimate dowel force of a single fibre [N]

Asn  shear crack surface [mm?]

fem  mMean concrete compressive strength [N/mmZ]

This equation can be formulated as follows (Fig. 4)

Ak = Vi , with Ak =
82(1+1989V, )

T inax
N, F, (Eq. 2)
A

25
fcm
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The amount of fibres crossing the shear plane \wlikated by means of the Buffon theory
for short needlegDorrie, 1965). The dowel force depends on fibre diameter andileens
strength of fibres.

0,000¢ 1.60
0,0005 o) 1,40
()’—"-— 1120 A A
& 0,0004 f O-"a Pg 1,00 m| g = Q 0]
o Cd
£ 0,0003 , ! < 0,80
S ’ B
£ 0,0002 |4/ & Majdzadeh (200 5 060 AMajdzadeh (2006)
’ o
< 0,0001 J OAppa Rao (2009_ 2;8 o Appa Rao (2009)
/ OSoetens (2011) ' OSoetens (2011)
0 l 0,00 : T
0,00% 0,50% 1,00% 1,50% 0,0% 0,5% 1,0% 1,59
Volume ratio of fibres [%] Volume fraction of fibres [%]

With Eq. 1, it is possible to calculate the preglicincrease in shear stress due to the presence
of fibres. The ratio between the calculated andnieasured shear stress increase is shown in
Fig 5. This figure shows that the proposed formslable to predict the beneficial effect of
fibres bridging a shear crack. For higher volurmeetions an overestimation of shear stress
increment occurs while for lower values the praditis more accurate.

5. CONCLUSIONS

The proposed formula is able to predict the incraiadeshear load for SFRC prisms subjected
to direct shear, taking into account influencingapaeters such as volume ratio of fibres,
concrete compressive strength and fibre type. Hewstie proposed relationship is based on
a few experimental results, so it is necessary dofy the formula on a wider range of
experimental data to improve its accuracy.

For testing of SFRC in direct shear, specific testhodologies are applicable. Hereby, the
use of a standardized test configuration is desigagen the inherent sensitivity of direct
shear testing to size effects.
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SUMMARY

The Aer-Tech material is a cement sand bond admeixtuat comes in various density, with
more than 10% by volume of foam in its base mixs itooperatively developed by Aer-Tech
group as an innovative technological breakthroudteriog up to 28MPa compressive
strength and a reasonable tensile strength withductile behaviour. This paper synthesises
the method for complete structural characterisadiotensile properties of Aer-Tech material.
Keywords: Investigating, material, structural, lightweighte’ATech material.

1.INTRODUCTION

Aer-Tech has evolved out of concrete but whereestaygregates were replaced with air cells.
The Aer-Tech machine equipment uses a patented sorxing system and atomised liquid
dosing system which produces a regular, consistemtogeneous mix. The atomiser injects
air cells as small as 20 micron into the mix replgcthe stone aggregate and the mixing
screw mixes sand, cement and water with consistamd/ even distribution, creating a
geodesic structure (see Fig.1l). The consistentctsirel created provides the strengths
achieved without using any stone aggregates. Tnsarkable consistent distribution of air
cells creates a geodesic structure, which in effeates the material unique.

Similar studies have shown that base mixes of umifdistribution of air-cells in a plastic
mortar give a higher strength (Nambiar and Ramamyur2006). It is also said that bigger
pores in a base mix influence the strength. Thisoisect as the pore system in cement-base
material is conventionally, classified as gel-poreapillary pores, macro- pores due to
deliberately entrained air. However, the gel patesot influence the strength of Aer-Tech
material through it porosity. But the capillaryrpse and other large pores are responsible for
reduction in strength and elasticity (Neville anch&ks, 2004).

2. EXPERIMENTAL PROGRAMME

Tab. 1 Experimental strain

Load Demecl Demec?2 Demec3 Demec4 Demeg
0 0.00908| 0.00916| 0.009317| 0.00943| 0.008814
3| 0.009084| 0.009148| 0.00968| 0.009793| 0.009184

The constituent material used to produce Aer-tectenal were comprised of: Pro-chem
cement conforming to BS8110, pulverized river séindr than 300u (specific gravity 2.5),
and foam produced by aerating a foaming agent {Aeh Sol) (dilution ratio 1:5 by weight)
using an indigenously Aer-tech machine calibrated tlensity of 1810kg/fn
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3. RESULTS AND ANALYSIS

Three reinforced beam were tested for each Aer-Taglof 4.78:1, 4.44:1 and 5.,

Ultimately, all beams showed typical structural &ébur in flexure. Also, during the test of

the three beams no horizontal cracks were obsatéae level of the reinforcement, which

confirms non occurrence of bond failure. Fig. 1vehdhat experimental deflection is lower

than the theoretical deflection. The illustratidniaad against deflection graph confirms that
in both experimental and theoretical results, #lationship between load and deflection is
linear.

e

I

Fig. 1 Experimental and theoretical deflection easldor reinforced beam mix one

Ultimately, the ductility of reinforced Aer-Tech &m is primarily important in justifying
structural capability of the material. Since, fr@tructural standard it is paramount for a
ductile structural material to undergo large dditet at near maximum load carrying
capacity, by providing ample warnings to an impegdailure.

Aer-Tech reinforced beams had two different modefaiture,. respectively. Obviously, the

beam failed in total bending. Thus the ultimateeskpental failure load of Aer-Tech material
is 38.7 KN, whilst the theoretical calculated uléta load is 35 KN.
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4. CONCLUSIONS

The experimental investigation of reinforced Aerchiebeam has shown that Aer-Tech
structural behaviour is comparable to other lighgive concrete.Apparently, structural
assessment of Aer-Tech material has shown thaf#nel'ech beam suffered tension at the
bottom and compressive forces at the top, whichlted in the diagonal tension cracks being
produced mid span at the bottom of the beam.
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SUMMARY

Ultra High Performance Fiber Reinforced Concreta isew material with unique properties
like compressive strength, ductile behavior, goelddvior in aggressive environment, etc.
The addition of steel fibers to the mix is knowririorease its shear strength and, if sufficient
fibers are added, a brittle shear failure can Ippmassed in favor of a more ductile behavior.
The use of steel fibers is particularly attractioe Ultra High Strength Concrete which
exhibits relatively brittle behavior without fiberslso the addition of fibers may reduce
reinforcement congestion by eliminating conventl@terups.

This paper presents experimental results of UltighHPerformance Fiber Reinforced
Concrete specimens subjected to shear action,dcaestie different percentage by volume of
fibers (1.5%, 2.0% and 2.5%) consisting of hybiigefs (50% long fibers and 50% short
fibers).

1. INTRODUCTION

UHPC is a type of concrete with enhanced propedigspared to Normal Strength Concrete
due to composition and curing treatment appliecbsBhparameters increase the ductility and
also make UHPC a water resistant material which &lasost zero porosity. A major
discovery in concrete technology is Reactive Pow@encrete which has compressive
strength up to 200 MPa or even more.

Adding steel fibers to the mix further improves thelities of this unique material. Based on
the very good bond between fibers and concretenthterial has enhanced properties in
tension and flexure. Fibers can also be used aspéacement for standard shear
reinforcement. Even if failure in tension is caussdthe failure of the concrete matrix, it is

not a brittle failure because the load and defoionatare taken up by the steel fibers. The
shape of the steel fibers has a direct influencéherdeformation and failure behavior of the
concrete. Results show that this new material h&etter ductile behavior than standard
concrete making it therefore suitable for structungth high performance requirements. The
further addition of superplasticizers do not impgmirany of the characteristics of this material

(including workability).
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Fig. 1 a) Long fibers; b) Micro fibers.
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2. EXPERIMENTAL PROGRAM

Push-off specimens were casted with an Ultra HigifdPmance Fibre Reinforced Concrete
mix that has a disperse hybrid steel fibre reirdarent made of 50% long fibres and 50%
micro fibres with an mean compressive strengthr dféat treatment of about 180 MPa . The
geometrical characteristics for fibres are: longrdi Lf1/d1=25/0,4 and micro fibre

Lf2/d2=6/0,175 (Lf-fibre length; d-fibre diameteftach specimen was casted with various

steel fibre percentage by volume (1,5%, 2,0% ab8%) and has the geometrical dimensions
as presented in Fig.2.
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Fig. 2 Geometrical characteristics of push-off spen.

3. TESTING PROCEDURE

The test was performed on a digital loading mackype Advantest 9 with displacement and
force control. Two displacement transducers wifhiexision of 1dmm positioned as show in
Fig. 3. were used (for recording the vertical dmel horizontal displacement, respectively).

SR @ SNpu—

,' ~ &
Vertical - ! A - ;
displacement

transducer

Horizontal
displacement
transducer

Fig. 3 Test setup of push-off specimen
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4. RESULTS OBTAINED

The load-deformation relation experimentally obéainis shown in Fig. 4. Shear failure

maximum force related to fibre reinforcement petage by volume is presented in Fig. 5.

The deformation for the peak value of shear foetated to fibre reinforcement percentage by
volume is presented in Fig. 6.
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Fig. 4 Load — Deformation graphic for the 3 pushspiecimens with different fibre
reinforcement percentage by volume
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Tab. 1 shows the values of the maximum shear fancedifferent ratios between the push-off
specimens like maximum shear force ratios, horaaeformation for the peak value ratios.

Tab. 1 The values of the maximum shear force affdrdnt ratios

Py symbol RI[kN] | Pu/PM" | Pu/P2% | W, [um] | Wyw, 22" | wi/w 20
1.50% CH6 193.226 1.00 0.89 582.8 1.00 1.26
2.00% CH5 217.314 1.13 1.00 462.7 0.79 1.00
2.55% CH4 317.335 1.64 1.46 271.7 0.47 0.59

pv - fibre reinforcement percentage by volumeinfaximum shear force value;,'P™
maximum shear force value for CH6*#maximum shear force value for CH5; "W
deformation for the peak value of shear force* W deformation for the peak value of shear
force for CH6; W% deformation for the peak value of shear forced6t5;

5. CONCLUSIONS

The toughening effect shown in Fig. 4 is a restithe dowel action of steel fibres crossing
the shear crack. Fig. 5 shows that the peak loackases with the increase of steel fibre
percentage by volume (CH4 has an ultimate sheaefaith 64% higher than CH6 while
CH5 has an ultimate shear force with 13% highen t6&i6). In Fig. 6 we can observe a
decrease of deformation at peak shear force cdusttk increase of steel fibre percentage by
volume, CH4 having a decrease in deformation ap#ak load.
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SUMMARY

This study is a continuation of a research programaimed at findings suitable locally
available secondary raw materials in High Perforeea@oncrete (HPC) and Self Compacting
cementitios Systems (SCPS). Wheat straw is an itrapagricultural product in Pakistan as
well as in the entire world. This paper looks in ttee role of various controlled and
uncontrolled Incineration regimes on propertiesmbieat straw ash produced which in turn
affects the properties of fresh and hardened cetimerst systems. The microstructure,
chemical, morphological and mechanical propertiésresultant ash were studied using
Scanning Electron Microscope (SEM), X-Ray Diffracti (XRD) and X-Ray Florescence
(XRF) procedures. It was observed that burning tmatpire, hold time, burning environment
and burning volume all affect the properties outemt ash and therefore one has to optimise
these parameters to get the wheat straw ash (W&A)excellent properties required for use
in high performance self-compacting cemenetitiorstesns.

1. INTRODUCTION

HPC and SCC both require high powder amounts asdnéally containing cement and
mineral admixture replacing a part of cement. lhemal admixtures are pozzolanic in nature,
then it becomes more advantageous from performeaieee point. According to ACI 116R,
“pozzolan is a siliceous or aluminous and silicemagerial, which in itself possesses little or
no cementitious value but will in finely dividedrfo and in presence of moisture, chemically
react with calcium hydroxide produced during cenfgydration at ordinary temperatures to
form compounds possessing cementitious propert(d8STM C 125 — 00, 2004)The
pozzolonic property greatly depends on the comdéamorphous silica present in addition to
particle size and specific surface area of pozz@Rarwan,2006).

There are both natural and man made artificial plaais which are used in cement based
systems.The natural pozzolans include volcanic aspumicite, opaline cherts and shales,
tuffs, and some diatomaceous earths.The artifip@tzolans consist of calcined clay
(Metakaolin) and some industrial by products sush #y ash, ground granulated blast
furnace slag, wheat straw ash, rice husk ash diwh Jume etc(Mirza; Riaz,; Naseer;
Rehman; Khan, and Ali,2009) (Mehta, 2006)
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In developing countries fly ash and silica fumaas available so research is being carried out
on pozzolans obtained from basic agricultural potsluWheat straw is composed of both
organic and inorganic matter. The major inorganatter is silica(Biricik, Akoz, Berktay,
Tulgar, 1999) Wheat plant takes up silicon component from and fertlizers and deposits it
in its straw and as an outer covering of the geaid similar situation exists with rice husk.
When burnt, organic matter is decomposed and ttea sich inorganic residue is left behind
(Ajay Goyal et al.,)Wheat straw in Pakistan has average ash conte®i0&6 and average
silica content of 74%, when burnt under controltedditions.

Chemical composition of wheat straw ash (WSA) degepon a number of factors; type of
soil for growing wheat plants, the type of fertdiz used, environment, burning temperature,
burning volume and duration of burniriBiricik,. Akoz, Berktay, Tulgar, 1999Two main
issues associated with wheat straw ash are itsronlwarbon and and amorphous silica
content which play important role in the hydratikinetics of cement based systems using
such pozzolans. The presence of unburnt carboatlgriecreases water demand and reduces
silica content of the as{Biricik et al., 2000) The unburnt carbon (LOI, loss on ignition) is
identifiable by dark color of wheat straw ash. Ide&eat straw ash should have very little
LOI.

According to H. Biricik et a(Biricik, Akoz, Berktay, Tulgar, 1999%he ash content and SIO
content of wheat straw also depends upon envirotaheonditions, burning temperature,
burning volume and duration of burning. Wheat sttawned at 575+2% for 5 hrs and then
air cooled produces an ash content of 8.6% andhascontent of (73-74)%. According to
VisvesvarayaVisvesvaraya 1986the ash content produced is 8-11% and,Si@htent is
88-91%. The difference in SjGontent depends upon soil and environmental ciomdit
exiting during develpinment of wheat crop.

In this research, various incineration regimes dfeat straw were investigated and the
comparison was made on the basis of their chengicaiposition, ash content and their
crystalline or amorphous nature.

2. METHODS EMPLOYED FOR INCINERATION OF WHEAT STRAW ASH
Three methods have been employed.
2.1 First Incineration Regime

This comprised of uncontrolled gradual burning dfeat straw sample in electric furnace,
weighing 75gm, using a gas burner (outside eleétricace) in a steel tray (6”x12” in size)
for about fifteen minutes. During preburning whetaw was continuously stirrered to have
uniform distribution of heat and to avoid the acclmtion of smoke. After pre burning the
wheat straw sample was inducted in to speciallyignesl and manufactured electrical
furnance having a smoke vent and maintained atrgpeaeature of 600C for controlled
burning for a duration of 75 minutes. Then the spea was cooled in air to 20 to achieve
maximum pozzolonic properties. This incineratiogimeeis shown graphically in Fig. 1.

2.2 Second Incineration Regime

No uncontrolled burning was carried out using algasier and a 75 gm sample was directly
inducted in to the specially designed and localgnofactured electric furnance already at a
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temperature of 608C and then furnace door was closed. After 2-3 reisithe wheat straw
sample caught fire due to extensive high tempegahside the furnace and the initial burning
process got completed just in five or six minutesduse of fire. During fire the temperature
did not remain constant and risen to ?&0during these five minutes, as recorded by the
temperature measuring device. After the ceasufireyfspecimen was retained in furnance
for about 75 minutes and then was cooled rapidlyaiinto 20C to achieve maximum
pozzolonic properties. This incineration regimdiswn graphically in Fig. 2.
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Fig 1. Burning of wheat straw in two stagdsg 2. Burning of wheat straw as per second
as per first incineratioregime. incineration regime.

2.3 Third Incineration Regime

No controlled burning was initially carried out. &t straw weighing 300 gm was put in a
steel container which was open to the atmosphatdoamt using a gas burner. During initial
fifteen minutes, the entire smoke got emitted like uncontrolled burning stage of the first
incineration regime but the sample still kept omriing for about 75 minutes. During burning
wheat straw was continuously stirrered to have atmumiform temperature and to enable
unburnt carbon get oxidized.

3. RESULTS AND DISCUSSIONS

3.1 Physical Properties of Wheat Straw Ash

Tab. 1. gives the physical properties of WSA pralby the incineration regimes used.

Tab. 1. Physical properties of Wheat straw Ash

Ash produced 1st Regime 2nd Regime 3rd Regime
Colour white grey dark blackish grey
Specific Gravity 2.3 2.34 2.45
Ash Content (%) 8 8.6 10
Avg. Particle Size (um) 12.22 12.42 12.77
Blain Fineness(chigm) 3200 3125 2800

According to Tab. 1, ash produced by first two coleéd incineration regimes was
pozzolanic in nature as per ASTM standards anddwadr specific gravity values and higher
surface areas, which facilitates pozzolanic reactwethen used in High Performace Concrete
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(HPC) and Self Compacting Concrete(SCC) systemsoeally available secondary raw
materials.

3.2 Chemical Analysis by X-Ray Florscence (XRF)

Tab. 2 Chemical Analysis of Wheat straw Ash

| st Regime 2nd Regime 3rd Regime
Constituents % by wt % by wt % by wt
SIiO, 73.95 71.21 60.39
TiO, 1.92 0.93 0.93
Al,O3 0.91 0.52 2.49
FeOs 1.15 0.99 251
MgO 1.83 1.92 2.75
CaO 5.21 5.25 7.45
K20 11.51 11.86 13.92
(SiO; + AlL,O3+Fe05) 76.25 72.15 65.21

According to Tab. 2 ash produced by using first teatrolled incineration regimes contains
higher amount of silica and therefore it may hassslunburnt carbaBiricik, Akoz, Berktay,
Tulgar, 1999) According to Tab. 2 ash produced by first two tdéed incineration regimes

meet ASTM C618 requirement for being a pozzolaat th (SiQ + Al,Osz+Fe03) must be
greater than 70%.

3.3 Particle Characterization By Scanning ElectrorMicroscope (SEM)

20kV  X5,000 5pm 0003 1250 SEI 20kVv  X5,000 Spm 0003 1150 SEI

20kV  X5,000 5pm 0003 1150 SEI

(a) First Regime WSA (b) Second Regime WSAc) Third Regime WSA
Fig. 3 SEM images of wheat straw ash produceddniypus incineration regimes

The mean particle sizes of all three WSA was alnsasilar, however, their surface areas
were different with the first two regimes giving reosurface areas. It may be possible that
first two regimes introduced some degree of intiepoeaosity in the particles which resulted in
higher surface areas. Also as per literaf@®ewan, 2006) (Rizwan, and Bier, 200@)is may

be one of the reason of higher surafce areas. BBM images of WSA samples, it is clear
that ash particles produced by all the three iraiti@n regimes are long, flaky and irregular
shaped with rough and abrasive texture. Also tleeteparticles contain small surface pits
which may show their high water demand when usexkagent based material in concrete.
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3.4 X-Ray Diffraction (XRD)
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Fig. 4. XRD analysis of wheat straw ash produzggarious incineration regimes

XRD technique is used to determine whether wheawstash produced is crystalline or
amorphous in nature [Rizwan, S. A. and Bier, T. Agcording to XRD data shown in Fig. 4
wheat straw ash produced under various incineratggimes contained some crystalline
minerals (aluminate silicate phase peaks) and dmooipphases. The amorphous phases seem
to dominate though the crystal planes shift tohsliglower angles (see the shift of angle
towards left) coupled with slightly narrowerer amdher peaks showing increase in degree of
crystalanity in wheat straw ash produced by fingh tontrolled incineration regimes. Due to
higher oxidation available in the third regime, theaks shift towards right and height of
peaks increases showing it to be more crystalhiae bther two.

4. CONCLUDING REMARKS

Specific gravity of WSA is lowest in the first regé and it increases towards third regime.
The ash became heavier indicating a possible reduah internal porosity coupled with
reduced specific areas.The first and second cdedtrahcineration regimes yeild good quality
pozzolanic ash meeting ASTMC618 standard, whilethivel uncontrolled incineration yeilds
an ash, that may not be 100% pozzolan.The avi#labil oxygen in the thee regimes was
different and seems to be principally responsilole the change in cystalanity degree.The
WSA produced in the first two incineration regimg=ems to be usable in HPC/SCC as a
pozzolanic secondary raw material from view poiotsstrength and durability for a given
mix.The mixture rheology can be adjusted using gulpsticizer.
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SUMMARY

One ton of CQis emitted per one ton of cement production. Heruastainable development
goals, necessary for optimal use of material andremmental pollution leads us to use
Pozzolanic materials as cement replacement materiedduce C@ emission. Zeolite is a
natural pozzolanic material and found in naturenalamtly especially in Iran. In this work,
the mechanical and durability properties of coresetontaining a natural zeolite is
investigated. The percentages of zeolite that ocepRortland cement in this research are 0%,
10%, and 15% by mass. The water/binder ratios &% 0.4, 0.45 and 0.5. Experimental tests
are compressive and tensile strengths, electrgsastivity and chloride diffusion at different
ages.

Generally, results showed that zeolite decreasdsridé permeability and increases
compressive and tensile strengths and electricastieity. Therefore concretes containing
various contents of zeolite showed improved duitgtdind mechanicall properties.

1. INTRODUCTIN

Concrete is one of the most widely used man-maadetoaction material, owing to its good
durability and low cost.

Cement is the most produced and used binding matarthe world with its 1.6 billion tons
of annual productiofWorrell, Martin, Price 2000)The world cement industry is responsible
for 7% of the total CO2 emissidMehta PK. 2002)Thus, the cement industry has a crucial
role in the global warming.

The use of pozzolanic materials as partial replacgnfor Portland cement in concrete has
been increasing, not only for energy-saving and d#lssion and economical benefits
without causing any degradation to cement properti@t also improving concrete strength
and durability(Cahit Bilim. 2011) (Cenk Karakurt ,llker Bekir Top 2011) (Uzal, Turanli,
Yucel, Goncuglu, Culfaz. 2010) (Bu” lent Yilmaza, Ali Uc-arb,H8iaO™ teyakab, Veli Uza.
2007).

Zeolite has been widely used as a cement repladematerial to increase the mechanical
properties of concrete for many years. Natural ileglarticles contain large quantities of
reactive SiQ and ALO; (Breek 1974) Zeolite substitution can improve the strength of
concrete, due to high pozzolanic activity. Also meal, physical, environmental and

economic properties of these particles make zealit@ctive for the construction materials
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technology (Feng, Yang, Zu 1988) (Fragoulis, Chaniotakis, Sttakis 1997) (Naidenov
1991) (Perraki, Orfanoudaki 2004).

Natural zeolite has low cost and is accessible ganic material in Iran. Additionally, it has
positive effect on enhancing mechanical and dutglmtoperties of concrete.

Therefore, In this experimental study the effectsnatural zeolite on mechanical and
durability properties are investigated.

2. MATERIALS

(a) Cement: type 1-4250rdinary Portland cement (JOPC

(b) Zeolite: clinoptilolite type from north of Semnan, Iran.

The chemical compositions and physical propertiegshe ordinary Portland cement and
zeolite used in the experiments are summarizedbies 1 and 2.

(c) Coarse aggregate: maximum size 19 mm the Kivar region

(d) Fine aggregate: sand in grading zone betweandAC in accordance with IRAN standard.
(e)Superplasticizer: polycarboxilate based withvijyaof 1.2. For the purpose of producing
high strength and sufficient workability concrete .

Tab. 1 . Physical properties in clinoptilolite

material Specific gravity] Specific surface Remained on sieve (%)
(g/cnt) area (crig) 45 um 90 um

clinoptilolite 1.19 10000 0 0
cement 3.15 3060 20 4.2

Tab. 2 .Chemical compositions of ordinary Portlaethent and zeolite

Oxide Sio, Al,0; Feo; Tio, Cao Mgo Nao K50 S LOI
composition

cement 23.73 4.83 3.11 0.265 54.98 3.92 0J24 0.68.1886 1.44

zeolite 67.44 10.90 0.84 0.19 1.24 0.33 3.71 4|39 .470| 11.05

3. MIXTURE PROPORTION

Zeolite was in turn used to replace 0%, 10%, 15%vbight of cement. The Coarse aggregate
content was 40 % and fine aggregate 60 % of alteagde while the 19 mm sized coarse
aggregates were maximum, respectively. Superpiastiavas added to attain a slump of
about 70-100 mm. The water to total cementationterniads ratio W/(C + P) was 0.35, 0.4,
0.45, and 0.5 for this study.

4. SPECIMEN PREPARATION, CURING AND TESTING

(1) Mixing procedure : The dry aggregates of cotecwere mixed first followed by the

addition of 1/3 water. Then mixture of cement ardlite added by addition of another 1/3 of
water. Superplasticizer was added at the last sithgexing with the rest of water. The total
mixing time was about 5 min.

(2) Casting and curing of specimens : Concreteispat were demoded 24 h after casting,

and then placed immediately in a water curing tamle temperature of water was maintained
at 25+2 °C.
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(a) Compressive strength: At 7, 28, and 90 dayagef three 100-mm cube specimens of each
concrete mixture were tested for compressive stheng

(b) Tensile strength: At 28, and 90 days of agar ibcOx300 mm cylinder specimens of each
concrete mixture were tested for tensile strength.

(c) Electrical resistivity: Electrical resistivitiesting was conducted on two 100 x 200 mm
cylinders prepared for every concrete mixture ab@28 90 days after casting of concretes.
The specimens were submerged in water until tHengeage. The 4 point electrical resistivity
measurement device (wenner array probe) is usetietmsure the electrical resistivity of
concrete for analyzing the corrosion potential affdrs an indication of its permeability.

(d) Chloride Penetration: The Rapid Chloride Petpilgg Test was conducted in accordance
with ASTM C-1202 for each mixture. Two specimenslof mm in diameter and 50 mm in
thickness which had been conditioned were subjetdea 60-V potential for 6 hours. The
total charge passed through the concrete specimassietermined and used to evaluate the
chloride permeability of each concrete mixture. Byes of specimens for the tests were 28
and 90 days.

5. RESULTS
5.1. Compressive strength

Fig. 1 shows the effect of zeolite on compressitrength of concrete. It is clear that

regardless of replacement level, zeolite decreasadrete strength at 7 days. This reduction
is about 6% for 10 % replacement and around 9 %1% replacement. Compressive

strength increased at 28 days due to the pozzotaaition . it is apparent that the optimum
replacement level was about 10 %. Although it didfiow considerable difference at 15%
replacement. Replacement of cement by zeolite fi¢reint levels increased the 28-day
compressive strength of concrete of about 8-10 %eept in w/c =0.35 the compressive

strength of concrete of the control mixture washkigthan that of zeolite mixtures at 90 days.
This can be attributed to the experimental error.

~
o

w/c=0.5 w/c=0.45 w/c=0.4 w/c=0.35 w/c=0.5 w/c=0.45 w/c=0.4 w/c=0.35

0]015]120]0 15100 |15]10) 0 “““““““““““w
15/10 0 |15 10| O |15 10| O 15 /10| O

M7days |22.3324.04 24.5 26.67 26 [27.75 35 |35.5 37.4 37.55/43.27/45.03
W 28days [38.23 38.4 | 34.5 43.17/43.1738.57| 50.5 (52.47|51.77/59.75| 60 |55.83 28 days 3.381) 3.36 | 2.37 | 3.82 |3.502|2.8153.891/4.223(3.558/4.103 4.315 3.678
M90days |42.77 46.4 |45.97|48.15 47.3 | 50.1 53.83/58.33)59.97 63 |61.5 61.23 90 days |3.502| 4.28 3.112|3.855 4.35 4.265| 4.28 |4.527|4.456| 4.81 6.211/4.916

= N w B (% (<))
o o o o o o
compressive strength (Mpa)

<)
©c Rk, N W A& 0 o N
Tensile strength (Mpa)

Fig. 1 Compressive strength of control Fig. 2 Tensile strength of control and
and zeolite concretes at different ages zeolite concretes at different ages with
with various w/c ratios. various wi/c ratios.
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5.2. Tensile strength

Results of the tensile strength of the natural ime@ompared with the control mixture are
shown in Fig. 2. As seen in Fig. 2, replacemerzatiflite improves the tensile strength at all
ages. Optimum replacement level of zeolite at 9& agas about 10 %.

5.3. Electrical resistivity

As shown in Fig. 3 electrical resistivity of speeins considerably increases versus time. It is
clear that mixtures containing zeolite have higtesistivity than control mixtures at various
w/c ratios.The resistivity of concrete increasesitgreasing zeolite content up to 15 %.
According to the report of CEB committee it candeen that the corrosion rate of reinforcing
steel is low when the resistivity of concrete extee20 KXcm . All the zeolite mixtures have
resistivity higher than 20kcm.

5.4. Chloride permeability

As presented in Fig. 4 zeolite decreases chargsingagrom specimens considerably and
increases resistivity of concrete against chloime permeability at various ages. This is
observed mostly in mixtures containing high w/ciast As an example 15 % zeolite
replacement decreases the chloride permeabilitpionixtures (w/c=0.5) of about 59.4 % at
28 days and 70.3 % at 90 days.

s
8
8

w/c=0.5 w/c= 0.45 w/c=0.4 w/c=0.35
w/c=0.5 w/c=0.45 w/c=0.4 w/c=0.35 20

30
20
111 : TIITLEY
10 0 15 10 0 15 10 0 15 10 0 0 15 10 0 15 10 0 15 10 0 15 10 0 0

M 28 day|29.88 21.38/10.21 34.56/29.19/11.25 40.88 33.25/16.13 38.06 35.31/19.44 28 days 2070/ 2539/5099 1523|1678 3668 1428|1431 2888 1329|1176/ 2247
90 day|55.94/44.75/19.44 61.69|53.81/22.99 75.25 66 27.3167.6361.1327.63 890 days 908.5 1626|3061 | 842 |968.5 2249 885.5| 866 | 2228 750 (576.5 1644
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Electrical resistivity(k.Q.cm)
=
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Fig. 3 electrical resistivity of control Fig. 4 result of RCPT test of control
and zeolite concretes at different ages  and zeolite concretes at different ages
with various w/c ratios. with various wic ratios

6. CONCLUSIONS

* Natural zeolite concrete mixtures displayed higb@mpressive and tensile strengths
than the control mixture at 28 days. Natural zeoltas not more effective in
increasing the compressive strength at 90 days.

* The substitution of cement with 15% natural zeotgduced chloride penetration of
concrete mixtures according to the RCPT test aockased its electrical resistivity.
 Due to the reduction in chloride diffusion and i&se in electrical resistance,
concretes containing natural zeolite are expectedodrform better in corrosive

environments.
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SUMMARY

The paper presents results of tests of physico-arechl properties of High Performance
Concrete HPC, in particular, High Strength Concid@&C and Self Compacting Concrete
SCC. Both types of concrete were designed witheaesp their character, which is also
grasped in their names. Mix-design of SCC inclugexund lime stone to increase proportion
of fine parts smaller than 0.25 mm. Silica fumesensdded into HSC. Both types of concrete
were tested on compressive strength, static andandiyn elasticity modulus including
development of the values in time. The aim of thpgy is introduction into basic parameters
of these types of concrete and consideration afeatirmethods of evaluation of elasticity
modulus based on compressive strength.

1. INTRODUCTION

Current development of concrete technology brings kknowledge and modern views of
concrete. New types of concrete gradually emerge fard their applications, like High
Performance Concrete (HPC). Such concrete showtamdlisg properties and frequently
surpass currently used concrete. Both Self Commpgd@ioncrete (SCC) and High Strength
Concrete (HSC) rank among HPC. Concrete in thisigrshows one or more properties or
characteristics of high performance compared tornom traditional concrete. Considerable
difference of such concrete is apparent as earlg #seir composition, which bases required
high performance properties. The basic principts in enhancing classic model of concrete
design: aggregate, water, cement. Mix-design costather components like mineral
additions in the function of fine parts and partigplacing cement and plasticizer or
superplasticizers of new generation. Industrialdpmtion of cement, which heavily loads
environment, contributes to ecological efforts ameral additions are mostly secondary
waste materials.

Research activities focus on modern types of céecnehich is proved in many research
projects both home and abroad. However, it is rezogsto admit that wider application in
construction practice is limited by economical fast and certain worries and doubts
concerning use of new, modern concrete in tradiliadonstruction practice. Current cost
saving trends show necessity of extending our kadgs and developing research focused on
optimization of composition of concrete. High penfance concrete complies with such
conception very well since good design can bringsaterable cost saving, let alone higher
end use properties. Design of type and proportfandividual components is very important
factor with influence on final characteristics afrtdened concrete, hence concrete structures.
It was found, that e.g. mineral additions have upigoously positive effect on most of
properties of both fresh and hardened concrete.edew designing of structures made from
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such concrete also brings new problems, which ndile to be solved. Strength behavior of
HPC needs solution as well as relation between mimand static elasticity modules

characterizing deformational properties of concretBractice and experience show that
empirical relationship between elasticity modulad aompressive strength used for common
concrete cannot be fully applied for high perforeertoncrete. Construction practice also
shows differences compared to standardized proesdand relationships determined for
common concrete and therefore these need to beadgofiar modern types of concrete to
define their characteristic properties as exaalpassible.

High Strength Concretein constructions is designed for reasons of hidglearing capacity

in pressed areas of cross sections or becausenséidand stronger microstructure and higher
durability of structures. Strengths of HSC are lesw55 and 180 MRg&iala. C.) according

to European Standard EN 206 for strength classé8/60, LC 55/60 to LC 80/88 for high
strength concrete with light weight aggregé®einhardt, H.W, 2000High strength concrete
differs from concrete with normal strength by sggaand dense cement matrix and enhanced
bond between matrix and aggregate. Therefore, ¢biscrete shows higher increase of
strength and lower tensile deformation under strés®ngth of matrix is higher because of
low water cement ratio and pozzolanic additionsicWilill up voids and make microstructure
denser. Since water cement ratio is low, cemertigh strength concrete does not hydrate
completely unlike cement in concrete with normakessgth. This includes all processes
dependent on hydration — volumetric changes, sthedgvelopment and development of
hydration heath (Alonso, M.T.).

Self Compacting Concreteis a modern type of concrete, which requires oating during
placing. It is capable of flowing only by meansitsfown weight and gravity and completely
fill up formwork even with dense reinforcement. Haned concrete is dense, homogeneous
and shows properties and durability comparableaditional vibrated concrete. Fresh mix of
self compacting concrete shows high movability aagdability of flowing without action of
external dynamic force, high resistance to segmgagtnd sedimentation of coarse
components. Concrete mix can be placed very quidihce it flows through dense
reinforcement easily and thus all construction banspeeded up. Fluidity and resistance to
segregation of SCC ensures high degree of homadgemainimal volume of pores and
uniform strength, which shows in high quality ofrfasge and high durability of whole
structure. Self compacting concrete is often mastufad with low water cement ratio, which
brings fast development of strength, possibilityeafly removing of formwork and thus faster
rotation of construction parts and formwork. Elimiion of vibration decreases level of noise
at the construction site, improves working conditioboth on construction sites and in
prefabrication plants. Improved construction praged combined with positive influence on
health and safety make self compacting concretactitte for prefabrication as well se civil
constructionKrizova, K. 2007).

2. EXPERIMENTAL WORK

Mixes were designed with respect to character @ividual types of concrete. In SCC, mined
aggregate was used for its positive effect on #pscific property of self compacting
concrete. To reach higher strengths of HSC, minaddition — micro silica was used.
Consistency of fresh mixes was determined. SCChesh&60 — 630 mm of slump, i.e.
category SF1. Consistency of HSC was determine8lasvith respect to character of the
concrete and low water cement ratio.
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Concrete compositions:

HSC concrete

Mix1: cement 467 kg/th water 146 kg/rf) aggregate 1723 kgfhfraction 0/4 796, 4/8 335
and 8/16 592), silica fume 46,7 kg/miasticizer 8,3 kg/m

Mix2: cement 435 kg/fh lime-stone 43,5 kg/fn water 136 kg/rf) aggregate 1735 kgfn
(fraction 0/4 693, 4/8 182 and 8/16 860), plaséciz,2 kg/nf;

Mix3: cement 436 kg/f lime-stone 43,6 kg/fwater 144 kg/rf) aggregate 1739 kgfn
(fraction 0/4 1063, 4/8 336 and 8/16 340), plaséci7,3 kg/m

SCC concrete

Mix1: cement 400 kg/th water 180 kg/rf) aggregate 1590 kgfhfraction 0/4 880, 4/8 210
and 8/16 500), plasticizer 5,2 kgfm

Mix2: cement 380 kg/rh lime-stone 130 kg/ water 184 kg/my aggregate 1590 kgfm
(fraction 0/4 880, 4/8 210 and 8/16 500), plaséci,4 kg/nf;

Mix3: cement 395 kg/fh lime-stone 140 kg/fawater 181 kg/rfy aggregate 1580 kgfn
(fraction 0/4 880, 4/8 220 and 8/16 480), plaséciz,6 kg/m

Following characteristics were studied: compresssgength, static elasticity modulus,

dynamic elasticity modulus. All mentioned charaistézs were tested at the age of 7 - 90
days or 7 — 28 days. Compressive strength wasdtesta¢esting specimens with dimensions
150 x 150 x 150 mm, elasticity modules on testipgcgmens with dimensions 100 x 100 x
400mm. Test result are given in Tab. 1.

Tab. 1 Measured values of compressive strengtlelasticity modules

Specific
Compressive strength  Static elasticity Dynamic elasticity elasticity
[MPa]/days modulus [MPa]/days| modulus [MPa]/days| modulus*
[MPa]/days
7 | 28] 90 7 | 28] 90 7] 28] 90 28
HSC
Mix1 | 78.8 | 92.8 - 3700038500| - 51000| 54000, - 41000
Mix2 | 69.3 | 68.5 - 32000 33500| - 52000| 55000| - 37000
Mix3 | 70.2 | 75.8 - 3350036500| - 48000| 52500| - 38000
SCC
Mix1 | 28.4 | 40.9| 37.8/ 2750028000| 31500| 36000| 38500/ 38000| 32000
Mix2 | 285 | 36.6| 39.0, 2350026500| 28000| 32000| 33500| 34000/ 31000
Mix3 | 28.3 | 34.1| 33.5/ 2500026000| 24500| 32000| 33500 32500| 31000

*EN 1992-1-1 Euro Code 2: Designing of concreteictires — Part 1-1: General rules and
rules for civil engineering. Defines dependenclafsticity modulus on compressive strength
of concrete. There is empirical relationship betmvs®ength class and elasticity modulus.

3. CONCLUSIONS

The aim of the paper was introducing into new teeaficoncrete technology and their place
in current construction practice, in particularacdcteristics of modern types of concrete,
their difference from traditional concrete and ieqdateness of current values of empirical
relationships between static elasticity modulus awmnpressive strength. Compressive
strength, static and dynamic elasticity modulusaxth type of concrete were determined.
Mix design of SCC containing only cement reaches litghest values. However, there was
no considerable difference from the values of otB&C. The only marked difference
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observed was the value of dynamic elasticity mosldfiSCC containing only cement: the
value at the age of 28 days was by 5000 MPa higbemparison of values static elasticity
modules measured and those recommended in regudatias surprising. Neither of the mix
designs reached required values. The values arerltwy ca 4000 MPa. The trend of
development of elasticity modules is rising, ontyane case decrease was observed, which
cannot be unambiguously proved because of smalluameof testing specimens. Among
HSC, mix design with micro silica reached the higihealues of compressive strength and
elasticity modules (both static and dynamic). Ttleeotwo mix designs with addition of lime
stone reached comparable values of strength agbef 7 days, while the values of strength
and static elasticity modulus of mix designs 3 withher content of sand increased at the age
of 28 days. Dynamic elasticity modules grew by3€0 MPa between 7 and 28 days.
Comparison of specific values of elasticity modutusl measured values showed the same
trend as SCC.: neither of the mix designs reached/éifues derived from strength classes of
concrete according to EN 1992-1-1.

Test results may imply that theoretical trends iffecent elasticity behavior of new types of
concrete can manifest in practice. Formulation adew range of mix designs of modern
concrete and observation of their characteristiosllds be recommendable. Then, current
empirical relationships could be re-evaluated aed somputation models formulated with
respect to mentioned factors, in particular desfrromposition of concrete and different
quality and character of individual input materials
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SUMMARY

Ten different composites on basis of the biomase leen tested, whereas the wood chips,
reed, straw and sawdust were used as fillers. Hsearch has been focused on bio-
composites manufactured without heavy technicaltaoknological equipment. Experimental
results show that the mechanical properties as alithe thermo-insulation ability are
dependent on the composite dry density and itslibgum moisture content. The coupled
effect of these parameters can be expressed bpatfaneter ‘actual density at equilibrium
moisture content’. The wood chips composite witmeat binder has got the best mechanical
properties while the foam-lightened composite vatraw filler achieves the lowest thermal
conductivity.

1. INTRODUCTION

In the recent 30 years a lot of research has beae th the field of using wood chips and
non-wood vegetable materials in bio-composite mactufe. The research has been focused
mainly on the compatibility between the wood (onfood vegetable materials) and cement,
the ways of the compatibility improvement and thechmanical properties of bio-composites
(Wei and Tomita 2001, Bederina et al 2R0®ue to the high variability of wood and
lignocelluloses a generalization is often difficultherefore definition of manufacturing
methods and measurement of properties should be again if raw materials come from a
different plant species.

Theoretic-experimental investigation focused orgditellulosic bio-composites has been
carried out at the Institute of Construction and@bitecture SAS in Bratislava since the year
2007. From the very beginning a complex approaehling with the mechanical as well as
the thermo-insulation properties of the compodiias been applied in the investigation. The
paper is focused on the effect of the bulk denaitg moisture content on mechanical and
thermo-insulation properties of the composites.

2. EXPERIMENTAL PART

The description of the tested composites is in Tafter manufacturing the specimens were
conditioned in the laboratory room with28 C and relative humidity 34% for ca 6 weeks
in order to mature. The actual bulk density wadeined from the weight and dimensions
of the specimens. The mechanical tests (verifioatbd static modulus of elasticity in
compression and verification of flexural tensileesggth — four — point loading) were done on
prism specimens with dimensions of 150x150x600 rasmg the servo-hydraulic machine
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SCHENCK (STN ISO 6784 or STN EN 12390-5). The tharoonductivity was measured by
guarded hot plate method (STN EN 12664) on the tesmwaith dimensions of 0.5x0.5x0.08
m. After tests, the samples were oven dried at:105 and the equilibrium moisture content
as well as the dry bulk density was calculated (Tallab. 2) Krizma et al, 2008

3. RESULTS AND DISCUSSION

The mechanical parameters and thermal conductofitiested composites are presented in
Tab. 2. The obtained mechanical properties as alithe thermo-insulation ability are
dependent on the dry density and the equilibriunisstoce content. The coupled effect of the
parameters can be expressed by the parameter |‘adduagity at equilibrium moisture
content’. The mechanical parameter/actual bulk ignslations involve also the effect of the
used filler whereas a positive effect of the filgofiller (reed, straw) is noticed. For
composites with the same type of filler (wood chjpise relationship between the actual bulk
density and mechanical parameter is linear (Figlnlyase of thermal conductivity the linear
dependence on the actual bulk density is obtainddpendently of the filler used (Fig. 2).
The wood chips composite with cement binder (A% pat the best mechanical properties
that are comparable with the AAC ones. On the oflaed its thermal conductivity is higher
than the AAC one. In case of Al, B1, B2, C, D antbmposites, the better thermo-insulation
ability is obtained at expense of the lower mecbamparameters. In case of foam-

Tab. 1 Designation, description of mixtures and akpsity po) of tested composites
Designation Description of mixtures

Ao

of composite (kg.m®)
Al wood chips, cement PC, CaGodium-silica glass, water 640
A2 as Al; by 1.2 higher amount of cement 800
Bl wood chips, MgO, MgG] water 540
B2 wood chips, MgO, MgS§water 530
C mineralised reed, MgO, Mg§; water 510
D mineralised straw, MgO, Mgglwater 590
E mineralized sawdust, MgO, MgCivater 680
F1 wood chips, MgO, MgG| water, foam 380
F2 wood chips, MgO, MgGJ water, foam 350
FD mineralised straw, MgO, Mg& lwater, foam 140

Tab. 2 Density at equilibrium moisture contemt.§, equilibrium moisture contentif), prism
strength {c), static modul of elasticity&), flexural strengthf{;s) and thermal conductivity
(1) of tested composites. Mean values of three measemts.

Designation m Um fep Ec fett A

of composite  (kg.m®) (kg.kg?) (MPa) (MPa) (MPa) (W.mhK?
Al 740 0.15 1.655 0.903 0.705 0.19
A2 910 0.13 2.345 1.240 1.279 0.25
B1 640 0.19 1.107 0.621 0.927 0.20
B2 650 0.22 1.322 0.634 0.802 0.20
C 580 0.12 2.172 2.393 2.223 0.16
D 660 0.13 1.257 1.548 1.092 0.18
E 790 0.18 0.753 0.478 0.296 0.26
F1 450 0.18 0.722 0.500 0.722 0.13
F2 410 0.18 - - - 0.11
FD 160 0.20 - - - 0.07
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Fig. 1 Prism strength, flexural strength and maafidlasticity versus actual bulk density for
composites of A, B, C, D, E and F. Linear interpiolas of mechanical parameter/actual bulk
density relation are done for composites with wobips filler
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Fig. 2 Thermal conductivity versus actual bulk dgnf®r composites of A, B, C, D, E, F and
FD type

lightened mixtures (F1, F2 and FD) a significanfpiovement of thermal conductivity is
reached that enables their application as thermotating filling of the load-bearing global
framework.

4. CONCLUSIONS

The mechanical properties as well as the thermalatisn ability of the tested composites
have been dependent on the dry density and thdikegquin moisture content. The coupled
effect of the parameters could be expressed bygusie parameter ‘actual density at
equilibrium moisture content’.

The thermo-insulation properties of the foam-ligie#e wood chips/straw composites satisfy
their application as the thermal insulation matdaoaexternal walls of residential buildings.
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SUMMARY

An environmentally friendly concrete uses minimurament, maximum supplementary
cementitious materials (SCM) and recycled conciaggregate. Ground granulated blast
furnace slag (ggbfs) is an effective binder matdoa concrete due to its cementitious and
pozzolanic reactivity. However, due to the low fiess its usage is limited in high strength
concrete. This paper reports the results of a sintdythe use of high f ineness ggbfs in high
strength self-compacting concrete with either redtar recycled concrete aggregates. The slag
content was about 10% or 30% of the binder confEme. results showed that the fine ggbfs
performed superior to cement in SCC mixes. U$eof recycled concrete aggregate had
produced manageable reductions in strengtlt stiffness, and increased the chloride
permeability of SCC.

1. INTRODUCTION

| ncrease in the complexity of construction, ricete reinforcement details of modern day
concrete structures and lack of skilled constructimrkers resulted in the development of
self-compacting concrete (SCC). The fresh SQO@s several advantages over
conventional concrete, namely: (a) ability tv wnder its own weight; (b) high resistance to
segregation; and (c) improved filling capacityheT properties of SCC ar e found to be
sensitive to the superplasticiser dosage andnfiaerials content$ri Ravindrar ajah et. al.,
2003, Kheder and Al Jadiri,20)0proposed a mix design method for SCC dasa
compressive strength requirements using cemeninandliimestone powder. | n this research
the ef fectiveness of high fineness ggbfs 8&C mixes with natural or recycled
concrete aggregates is studied.

Tab. 1: Properties of coarse aggregate

Property Natural coarse Recycled concrete
aggregate coarse aggregate

Specific gravity 2.55 2.20(mean)

Water absorption (%) 1.23 6.33 (mean)

Ten percent fines (kN) 204 122

Impact strength (% 19.7 24.9

fines)

2. EXPERIMENTAL DETAILS

2.1 Materials and Mix Compositions

Ordinary Portland cement and ultra-high fine grognanulated blast furnace slag (fineness
of 870m /kg) were used in combination asdbimmaterials in the concrete mixes. Fine
2 aggregate was natural siliceous sand with thenées modulus of 2.90. Coarse aggregate
was either natural (granite) aggregate or dlecy concrete aggregate, obtained from the
demolished sewage concrete plant. The coarse aggrgopding was such that 75%, and 25%
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passing through 12.5mm and 9.5mm standard sieVable 1 summarises the properties of
natural and recycled concrete coarse aggregabesrecycled concrete aggregate is notably
weaker than the natural aggregate due to the pattashed mortar (Sri Ravindrarajah and
Tam (1985), as reflected from the differendes the water absorption capacity. The
water absorption for recycled aggregate was 6.38%hpared to 1.23% for the natural
aggregate.

80

H0% Slag  ®m10% Slag

60

40
’ -
0
1 7 28

Fig. 1 Effect cement replacemet with fine slag artar strength

Cube strength (MPa)

The reactivity of fine slag was assessed using anatrength tests at the ages of 1, 7 and 28
days. Mortar mixes with and without slag had thedst binder ratio of 2.75 and the water to
binder ratio of 0.43, by weight. Fig. 1 shows tlevelopment of mortar strength with age for
both control mortar (100% cement) and mortar wegment and slag (90% cement plus 10%
slag). The results show that the strength actinidex for slag at the 10% cement replacement
level is 1.05, 1.07 and 1.08 at 1, 7 and 28 dagpectively.

Tab.2 Mix compositions (in kg/m ) of self-compagtioconcrete

Materials Grade 35 Grade 75
NAC 35 RAC 35 NAC 75 RAC 75

Cement 0 60 534 534
Fine slag 170 170 70 70

Fine aggregate 978 1020 977 1020
Coarse aggregate (ssd) 742 673 742 673
Water 173 173 155 155
Superplasticiser (% of binder) 1,33 1.63 2.60 2.60
Water/Binder Ratio 0.48 0.48 0.29 0.29
Slag content (%) 32.1 32.1 9.9 9.9

Compositions for Grades 35 and 75 SCC mixes wet@radd using the mix design procedure
reported by Kheder and Al Jadiri ( 2010) . Supestatzser, containing polycarboxylate ether
polymers, was used. Table 2 summarizes the mixpositions of all four mixes. Concrete

mixes with recycled concrete coarse aggregate nedjumore sand for both concrere grades.
The slag content of Grades 35 and 75 concrete mires 32.1% and 9.9%, respectively.

2.2 Mixing and Testing of Concrete

A pan-type of concrete mixer was used for mixing concrete. The coarse aggregate were
batched at saturated surface dry moisture conditibme superplasticiser dosage was
adjusted/for each mix to achieve the slump flomva600mm. The slump flow recorded for
the SCC mixes were varied between 625mm anfimé. For each mix, 12Nos. of
100mm cubes; 3Nos. of 100mm diameter by 200mgh loylinders; 1No. of 150mm
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diameter by 300mm high cylinder; and 2Nos. of 160by 100mm by 500m prisms were cast
in steel mould for testing the hardened concretecbimpaction was applied while casting the
specimens. The specimens were demoulded aftethdurs and cured in water at the
room temperature of 28 C, until testing. Usin@rhén diameter by 50mm thick concrete
slices, chloride migration coeff icient for conerevas determined using the Rapid Migration
Test (NT BUILD 492).
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Fig. 2 Effect of recycled concrete coarse aggregatstrength development for SCC
Tab. 3 Hardened properties of self compacting aecr

Property NAC35 NAC75 RAC35 RAC 75
28d Cube strength (MPa) 74.7 83.4 77.0 74.8
28d Tensile strength (MPa) 5.01 5.33 4.55 4.98
60d Elastic Modulus (GPa) 31.3 33.3 29.3 28.4
28d UPV (km/s) 4.73 4.73 4.56 4.51
60d Migration Coefficient (10 - 12 m - 3.78 - 5.02
21/s)

3. RESULTS AND DISCUSSION

Fig. 2 shows the development of compressive stihefay SCC mixes with either natural or
recycled concrete aggregates. Table 2 shows teatdment and binder contents f or NAC35
mix were 174kg/m 3 and 74kg/m 3 less than thos¢hie NAC75 mix. In addition, NAC35
mix had the water to binder ratio of 0.48 compated.29 f or NAC75 mix. The results
showed that there is no significant differencehia tompressive strength between these two
mixes at all agesNakumara et. al. (1992produced that high strength concrete with
high water to cement ratio with the use of ulina slag. This is due to the combined effect of
pore filling and high reactivity of slag due its fineness as shown bgaia (2003).
Dinakar (2010)eported comparable performance of ultra fine glaly silica fume.

Table 3 summarizes the hardened concrete propéntie3CC mixes at either 28 or 60 days.
The results show that the SCC with recycled coecaggregate had reduced the compressive
strength, tensile strength, modulus of eldgtiand increased the chloride permeability
coeff icient when compared with SCC mix with nataggregate. For Grade 35 concrete, the
60-day compressive strength dropped from 8P&8Mo 73.4MPa, a reduction of 10.8%.
However, for Grade 75 concrete, the compvesstrength had dropped from 84.3MPa
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to 78.3MPa, a reduction of 7.1%. at the same agehédage of 28 days, the tensile strength
was reduced by 9.2% and 6.6% and the modulus sti@tg was dropped by 6.4% and 14.7%,
for Grade 35 and 75 concretes, respectivEhe reactivity of ultra fine slag may have
contributed to the strengthening of aggregate-cémpaste bond.

The chloride migration coefficient at 60 days wag83x 10 -12 m 2 /s and 5.02 x 10 -12 m 2
/s for NAC75 and RACT75, respectively. Althoughe SCC with recycled concrete
aggregate increased the chloride migration mi@tle the resistance against chloride
ingress is much lower to the limit for migratiooefficient is 8 x 10 -12 m 2 /s for low

chloride ingress concrete. As expected, the presehaveak porous attached mortar in the
recycled concrete aggregates is responsible tiier increase in porosity (indicated by
UPV in Table 3) and chloride permeability ohcrete.

5. CONCLUSIONS

The use of finely ground granulated blastnféigce slag is shown to be a highly
effective cement replacement material in praayc high strength self -compacting

concrete with reduced cement content. Suchcreta is found to be less sensitive to the
variation in the water to binder ratio. The uderecycled concrete aggregate as a full
replacement to natural coarse aggregate redstetgths and modulus of elasticity and
increased the chloride permeability potential SEC. However, such changes can be
accommodated and should not be considered as watdlesin producing SCC with reduced

environmental impact.

6. ACKNOWLEDGEMENTS

The authors wish to thanks EnGro Corporation Leéahitand BASF South East Asia Pte Ltd
for their kind contribution of the concrete makimgterials used in this investigation.

7. REFERENCES

Dinakar, P. (2010), “Effect of ultra fine slag dretfresh and hardened properties of ultra high
strength concrete”, Proceedings of the Asianf@rence on Ecstasy in Concrete
2010,

Chennai, India, Dec. 2010, pp. 527-532.

Kheder, G. F. and Al Jadiri , R. S. (2010), “Newthwa for proportioning self-consolidating
concrete on compressive strength requirement”, M@&lerials Journal Vol. 107, No.
5, Sept. - Oct. 2010, pp. 490-497.

Isaia, G. C., Gastaldini, A. L. G., and Moraes,(B03), “Physical and pozzolanic action of
mineral additions on the mechanical strength high performance concrete”,
Cement Concrete Composites, Vol. 25, No. 1, pp/®9-

Nakamura, N., Saki, M., and Swamy, R.N. @99“Effect of slag fineness on the
development on concrete strength and microstre”, Proceedings of the 4th
International Conference on Fly Ash, Silica FuméagS & Natural Pozzolans in
Concrete, Turkey, pp. 1343-1366.

Sri Ravindrarajah, R. and Tam, C. T. (1985properties of concrete made with
crushed concrete as coarse aggregate”, Magazi@®mdérete Research, Vol. 37, pp.
29-38.

134



7™ Central European Congress on Concrete Engine2€ihg Balatonfiired
TOPIC 1: TAILORED PROPERTIES OF CONCRETE

Sri Ravindrarajah, R., Farrokhzadi, F. and Lah@ud2003) Properties of flowing concrete
and self -compacting concrete with high-performasgeerplasticiser, Proceedings of
the 3rd International RILEM Symposium , Reykjaviégeland.

Sri Ravindrarajah, R. (2010), “Concrete farstainable construction”, Proceedings of the
Asian Conference on Ecstasy in Concrete 2010, Gheimdia, Dec. 2010, pp. 135-
153.

135



7™ Central European Congress on Concrete Engine2€ihg Balatonfiired
TOPIC 1: TAILORED PROPERTIES OF CONCRETE

136



7™ Central European Congress on Concrete Engine2€ihg Balatonfiired
TOPIC 1: TAILORED PROPERTIES OF CONCRETE

EXPERIMENTAL STUDIES ON STRENGTH AND COST OF RPC

Renyuan DY Qingwei Huang Baochun Cheh
1 College of Civil Engineering of Fuzhou University
350108 Fuzhou Fujian China

SUMMARY

Reactive powder concrete (RPC) is a new concreteriabhwith super-high compressive

strength, high toughness, good durability and BtgpbBut prices of the raw materials of RPC

are much higher than those of normal concrete,hewé an influence on its application to

some extent. It is shown that the steel fiber i thost expensive raw material in RPC.
Therefore experimental studies on influence ofldtber ratio by volume to RPC mechanical

properties including axial compressive strengthsile strength, and flexural strength were
carried out in this paper. The relationship betweest-performance ratio and content of steel
fiber was also analyzed for applications and fuitelies.

1. INTRODUCTION

RPC had studied much since 1993, and had beeredpplisome bridgéadeline et al 1998,
Cavill et al 2003, Bum et al 2005, Zimmermann e2@08,) but not yet popular. Main
reasons are as follows: (1) high price, the pricRBC was between RMB 4000 to 8000 per
cubic metefHuang 2008, Zhou et al 20QQnuch higher than normal concrete. Furthermore,
steel fiber is main cost of RPC. (2) Lack of basésearch. Many studies focused on
compressive strength of RPC, but there is a lackeséarch on tensile, flexural and shear
strengttiRichard et al 2003, Wu et al 2003, He et al 204QB) Lack of relevant criteria.
Studies in different countries are limited justrternal criteria, there is still short of unified
standard(Guo 2008) Axial compressive, splitting tensile and flexusatength of RPC were
tested, as reported in this paper, and cost-pedoce ratio of RPC was also analyzed for
engineering applications.

2. EXPERIMENTAL PROGRAMME

The compressive strength of 7 sets of specimerts sigle lengths of 150 mm x 150 mm x
300 mm, and the tensile strength of 7 sets of csjpérimens with side length of 150mm, and
the flexural strength of 7 sets of specimens wiile $engths of 150 mm x 150 mm x 550 mm
were carefully measured.

RPC mix: Cement: Silica fume: Sand: super-plagticizvater is 1: 0.3: 1.17: 0.025: 0.234.
Taking the content of steel fiber as parameterctiveents are 0, 0.5%, 1%, 1.5%, 2%, 2.5%
and 3% by volume respectively. Steam curing sysitexs adopted, and contained modeling
(24h), standard curing (24h) and steam curing {86C). Specimens were tested after three
days.
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3. RESULTS OF ANALYSIS

Fig. 1 shows the axial compressive strength vettseigontent of steel fiber. The compressive
strength of RPC without steel fiber reaches up 3MPBa, for RPC increased homogeneity
through the elimination of coarse aggregates; aedns curing for RPC furthers activity of

silica fume. When the content of steel fiber is%,3he strength of the RPC is 28MPa higher
than that of RPC without steel fiber. While the tm is in the range of 0.5% to 2%, the
strength increases slowly; when the content ofl dier is 2%, the strength of the RPC is
21MPa higher than that of RPC with 0.5% fiber cant&he results indicate that steel fiber

can improve RPC compressive strength, but affdotsstrength less when the content is
above 0.5%.
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Fig. 1 The axial compressive strength of RPC vessesl fiber content

The tensile strength versus content of steel fib@resented in Fig. 2. The growth of each
phase is almost same, and about 3 MPa. RPC wisteat fiber failed as soon as cracking
began; but RPC mixing with steel fiber failed due dteel fiber pulled out. The fiber
effectively controls the development of the cracksd can sustain loads after RPC cracking.
The results indicate that steel fiber has gredui@mice on RPC splitting tensile strength, and
the strength will higher with the inclusion of mateel fiber.
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Fig. 2 The tensile strength of RPC versus steel fimntent

The flexural strength of RPC depends much on $iteel, because matrix of RPC has a poor

crack resistance; the tensile strength of RPC wasadved by tension of steel fiber and the

bond between steel fiber and matrix. Fig. 3 shdwesflexural strength versus content of steel

fiber. The results manifest that the flexural sgtingrows as steel fiber content increases, and
the highest strength reaches up to 15.06MPa.
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Fig. 3 The flexural strength of RPC versus stdmificontent
4. COST-PERFORMANCE RATIO ANALYSIS

The strength (S) of RPC is taken as a parametert@@®PC characterized by super-high
strength, and the price (P) of RPC is taken asther parameter. The relationship of R (the
cost-performance ratio), S and P is presented if{Bq

R=S/P (1)
In paragraph 3, it is shown that growth trendsarhpressive, tensile and flexural strength are
different with increasing content of steel fiberhéeFefore, the synthetical strength (S) is
introduced as a parameter.

5=} KS)/n ®)
i=1

In the equation (2):
K, —a parameter for strength; the value should be takearding to the practical application.

In this paper, compressive, tensile and flexunargth are assumed to be equally important,
K,, K, andkK,are the parameters of the compressive, tensile fadiral strength

respectively. The value &fis 1, the value ok, andK,are 10.

S —a particular strength of RP@& S, andS,; correspond to compressive, tensile and flexural
strength respectively.

P—the price of one cubic meter of RPC

Many factors have effect on RPC price, such asmeaterials price, preparation and curing
costs, equipment costs, transport costs, labor svage so on. As this is an initial study, raw
materials price (details in Table 1) is taken &sdhly factor.

Tab. 1 The prices of raw materials in RPC

Raw materials| CementSilica fume| Sand| Super-plasticizef Steel fiber

Price (Yuan/kg) 0.4 2.8 0.03 11.2 30

Costs for one cubic meter of RPC are calculatedpedented in Table 2. When steel fiber
content is 0.5%, the price of RPC is the lowest, 8PRMB 2500 per cubic meter. The price
grows with the increase of steel fiber. In addititailure mode of RPC without steel fiber is
likely explosive. It is not proper for applicaticanpd not listed in the table.

For engineering applications, it is demanded that only requirements of mechanical
properties are fulfilled, but also that materialghwthe highest cost-performance ratio are
chosen.

Tab. 2 The cost-performance ratio of RPC versud §iteer content
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Steel fiber content (%) 0.5 1 15 2 25 !
Price of one cubic meter RPC (Yugn2500 | 3663 | 4827 | 5990 | 7177 | 8340
Axial compressive strength (MPa) 122.429.5| 133.8| 143.5| 141.9| 140.3

Splitting tensile strength (MPa) 9.687.99 | 11.32| 18.12| 20.44| 23.64
Flexural strength (MPa) 6.5 9.3 10/611.0| 144 | 151
Synthetical strength (MPa) 947 100.817.7| 144.9| 163.4| 175.9
Cost-performance ratio 0.038.028| 0.024| 0.024| 0.023| 0.021

5. CONCLUSIONS

The incorporation of steel fiber significantly ingwed the strength of RPC. The axial
compressive increases firstly but then decreasts tive increase of steel fiber content, the
changing point of steel fiber content is 2%. Théttapg tensile strength and the flexural

strength mainly increase with increasing of stdmdrfcontent.

RPC cost-performance ratio is inversely proportidoahe content of steel fiber. According
to the analysis, the cost-performance ratio ishigbest, when the steel fibers are introduced
into RPC at the ratio of 0.5% by volume.
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SUMMARY

This study is a continuation of a research programaimed at finding suitable locally
available secondary raw materials for making Higltff@tmance Concrete (HPC) and Self
Compacting cementitios Systems(SCPS) in Pakistacor&lary raw materials are used in all
modern concrete systems due to advantages offéhedl.study evaluates the feasibility of
using Bentonite (BN), a naturally occurring pozroland Wheat Straw (Toori) Ash, an
artificial pozzolanic material, in self compactipgste systems with ultimate aim to produce
self compacting concrete with desired propertidse parameters studied include secondary
raw material’'s particle characterization, flow beioa and strength development of self
compacting paste systems.

1. INTRODUCTION

Self Compacting Concrete (SCC), a kind of high @eniance concrete (HPC) possesses
excellent deformation (low vyeild stress)and adeguatgregation resistance(adequate
viscosity). A paste type of SCCwas firstdevelopedimiversity of Tokyo Japa(Su, Husand
Chai, 2001) (Okumura, Ouchi, 200@8pd now many developed countries are exploring the
potential of this technology in their constructimmjects.

The European Guidelines for Self Compacting Coec(&uropean Guidelines for Self
Compacting Concrete 200%j)ive some basic information and lately ACI compett237 is
developing the specifications. The paste phaselbtempacting cementitious system acts as
a vehical for the transport of aggregate phaseatsuwlplays the most important role in service
life performance of the structures. This phase tgatonsists of cement, secondary raw
materials, chemical admixtures and water. The sway made on the use of locally available
SRMs including “As Obtained” Bentonite as well &alcined” Bentonite at 15C for 8 hrs
and Toori ash(wheat straw ash) for which specidélgigned burning regimes were found and
the details are available in another paper by thieas(Rizwan, Arsalan, and Bier 2011).
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2. EXPERIMENTAL PROGRAMME
2.1 Materials

The material used in this investigation consistédPakistani Fouji Brand Grade 53 OPC
cement. SRM’s consisted of “As Obtained” and “Oadcl” Bentonite as well as Toori (wheat
straw) ash. Melflux powder, a third generation podyboxylate ester based superplasticizer
has been used for producing target flow of 30+1 easured by Hagerman’s mini slump
cone of 6x7x10 crdimentions. 4x4x16 ciprisms were cast at temperature of@@nd
relative humidity greater than 90%. The samplessvoavered with plastic sheet for the first
24 hours and were later water cured till the ageesfing in SSD conditions as per DIN EN
196 standard. The partical size and BET surfacasaoé powders were measured. Tab. 1
gives physical and chemical properties of powdsesiu

Tab. 1 Physical and Chemical Properties of Powdsexi

Parameters Cement Grade | Bentonite Bentonite Toori ash
53 (Calcined) | (As Obtained)
Particle size (um) 22 4.75 4.32 12.5
Surface Area(cfilgm) 1650 4800 2535 3200
Specific gravity 3.10 2.82 2.79 2.3
Chemical Analysis
SIO, 17.15 53.96 41.69 73.95
TiO, 0.32 0.93 1.92 1.92
Al,03 5.60 20.27 10.67 0.91
Fe03 3.21 8.92 31.34 1.15
MgO 1.44 4.02 0.88 1.83
CaO 64.09 7.05 9.09 5.21
K20 1.19 3.93 4.05 11.51

2.2 Mixing Regime

The mixing was done using Hobart Mixer of 5L capaclhe constituents including cement,
secondary raw material and powder superplastionene first manually mixed in closed
plastic container in dry state. These were thenrtmthe bowl of mixer containing requisite
mixing water. A slow mixing (145 rpm) was carriedtdor 30 seconds and then interior of
bowl was cleaned. Thereafter, again slow mixing @Wase for 30 seconds and finally, the
formulation received 120 seconds of fast mixingy(28m) (Rizwan, 2006)The total mixing
time was thus 3 minutes (180 seconds) as per EN1O/N

2.3  Specimen Designation

A typical formulation used in the experimental piang may be written as; C + 10 TA, where
the first letter donates cement, followed by a ntahehich indicates mass of secondary raw
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material in percent mass of cement and the neeréetienote secondary raw material type i-e
“TA” for Toori Ash and “BN” for Bentonite.

3. RESULTS AND DISCUSSIONS

3.1 Water Demand, Superplasticizer Demand and Settiy Times

Fig. 1 shows the water demand, superplasticizeadenand setting times of self compacting
paste formulations using the SRMs. Results of “A¢aihed” Bentonite have been taken from

MS thesis at NUSTNiazi, 2010)for comparison.
40

A B CEM B CEM
£35 1 03
530 1 B C+10%TA 20.25 B C+10%TA
b~ <
il B C+10%BN(C) S 02 B C+10%BN(C)
32 s 0.15
~ e, V.10
815 " C+10%BN(A0)| = = C+10%BN(AO)
£ [Niazi] g o1 ezl
/~10 A %
o ~ 0.05
S5 2
& 17}
= 0 -
» 0
Formulations
Formulations
Fig. 1(a) Water Demand Fig. 1(b) Superplasticizemand
400
= CEM
350
300 B C+10% TA
% 250 -
E B C+10%BN(C)
£ 200 -
=
T 150 - BC+10%BN(AO)
= e
& 100 - [Niazi]
50
0 <4

Initial Setting Final Setting
Time (nin) Time (inin)

Formulations

Fig. 1(c) Setting Times
Fig. 1 Water Demand, Superplasticizer Demand aatting Times of SCP Formulations

Particle shape, size and morphology of secondavy maaterials are quite important
parameters for understanding their role in termwater and superplasticizer demands, flow,
strength, shrinkage and microstructure of self cactipg paste systems. The details can be
seen in the literatur@rsalan, 2011).

Toori (wheat straw) ash and “Calcined” Bentonital lmuch smaller average particle sizes
and much greater specific surface areas as compatedal Faugi brand Pakistani Ordinary
Portland Cement (OPC) as mentioned in Tab. 1. Latgéace area of Bentonite and Toori
ash particles might indicate the presence of smitnal pores. SCP formulations containing
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Bentoniteand Toori ash in replacement mode havk higter demand and superplasticizer
demand due to their small particle size and laugtase area.

Retardation in setting time of self compacting fafation is also recorded with Toori Ash
and Bentonitereplacementas shown in Fig. 1 (c). iflkeease in the setting time of SCP
formulations containing Toori Ash and “Calcined” Benite in replacement is due to
dilution.

3.2 Flow of SCP Formulations

Fig. 2 shows the Hagerman’s mini slump cone tinteafespread of 25 cm. T 25 time was
noted for a target flow of 30+1cm achieved by aesplasticizer Melflex 2651 powder. Fig. 3

shows the V Funneltime of formulations to have @eairegarding the viscosity of different
paste formulations. The funnel consisted of a resifar cross section with top dimension as
270 x 30 mm and bottom opening as 30 x 30 mm. ©kad height of funnel was 315 mm

with a 75 mm long straight bottom square or reatidangsection with a gate at bottom.

3
B CEM
5.8  |mCcEM
2 _|BC+10% TA - SASEOLE:
< = B C+10%BN(C)
§15 - | C+10%BN(C) g
8 < @ C+10%BN(AO)
£ 1- 1 C+10%BN(AO) £ [Niazi]
= [Niazi] =
0.5 — T
0 A r—
Formulations Formulations
Fig. 2 Variation of T25 cm time of SCP Fig. 3 Variation of V Funnel time of SCP
Formulations Formulations
35 “+109
_ CHOREN C+10% TA
g 30 - F10% 5
3 25 49)
E CEM
520 —
§ 15
&
= 10
S s
0
2.1 2.3 25 2.6

T 25 Time (sec)

Fig. 4 Variation between T25 Time and time for tefaread of 30+1 cm

SCP formulations containing “Calcined” Bentonitedafoori Ash in replacement mode had
high yield stress and high viscousity as indicdtgdncrease in T25 cm time and V Funnel
time (Fig. 2 and Fig. 3). The increased viscousihd yield stress might be due to the
absorption of water in the porous structure of Témh and “Calcined” Bentonite particles
and thus less effective water was available irsfrstem to help the flow.
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Fig. 4 shows the variation between T25 time ancetior total spreadof 30+1 cm. As total
spread time is a function of yield stress and Tigtetis a function of viscosity and rate of
deformation therefore we may conclude that visgasitalso a function of yield stress. Also
there is a very little variation in the slope oé thraph.

3.3 Strength of SCP formulations

Results for compressive strength of SCP systenvdaous formulations are shown by bar
charts in Fig. 5.

ECEM

60 | HCH10%TA
BC+10%BN(C)

1-Day 3-Days 7-Days 28-Days
Days

Fig. 5 CompressiveStrength of SCP with Various 8daoy Raw Materials

Strength of self compacting paste system is definad governed by combination of
maximum pore size, degree of pozzolanic activitg degree of packin@Rizwan and Bier,
2009). Higher the pore size, lower pozzolanic activityddnose packing all results in the
reduction of strength.

At the age of 1, 3 and 7 days self compacting p&st@ulations containing “Calcined”
Bentonite and Toori Ash, in replacement mode, daseer value of compressive strength as
as compared to control mix but at the age of 28sd&CP formulations with Bentonite
achieved strength almost equal to that of controd and SCP with Toori Ash gave four
percent high compressive strength (Fig. 5).

4. CONCLUSIONS

Toori (wheat straw) ash and Bentonite seems to e guitable local SRMs for use in
modern concrete systems in Pakistan

The SRM’s shape, size and morphology (particle attarization) is very important for

modern cement based systems, as it affects almbghea resulting properties of self
compacting paste systems.
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Toori (wheat straw) Ash and Calcined Bentonite Haself compacting paste formulations
SCP give maximum strength activity index (Fig 4ee\higher than the control mix.Seeing
the trends, even higher strength beyond 28 daysxarected.
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SUMMARY

Reactive Powder Concrete (RPC) is an ultra-higifop@ance concrete having excellent
mechanical properties and high resistance agairsderwand chloride penetration. RPC
consists of very low water-to-binder ratio, verglisuperplasticizer dosage, fine quartz sand,
crushed quartz, silica fume, and small-size stbekr$ for improving toughness. In RPC, fine
quartz sand replaces coarse aggregate and cruslatz geplaces fine aggregate. This
enables in producing high performance concreteurgsteven in the absence of good quality
coarse aggregates. This paper presents the expéainpeogram and preliminary test results
of an ongoing research project on assessing théaanexal properties and durability of RPC
trial mixtures produced using local dune sand attar&zed as fine quartz sand with particle
size ranging from 75 to 6Qam.

1. INTRODUCTION

Reactive powder concrete (RPC) with compressivength of more than 150 MPa and other
superior material properties is a new generationec#titious material that originated through
intensive research work mostly conducted in Franoed Canada since 199M4 and
Schneider, 2002 Different applications of RPC include: heavibinforced precast elements
for bridge decks; in situ applications for the reifitation of deteriorated concrete bridges and
industrial floors Buitelaar, 2004. With or without additional “passive” reinforcemt it is
used for precast elements and other applicatiteslifshore bucked foundations. In addition,
coarse grained RPC with artificial or natural higfinength aggregates were developed for
heavily loaded columns and for extremely high-bsédings Schmidt et al., 2003

The basic principle on which RPC is based is taeagha cement matrix as dense as possible
(by reducing micro cracks and capillary pores ia tement matrix) and a dense transition
zone between matrix and aggregate. Following measane suggested to produce RPC:

* Enhancing the homogeneity by elimination of coaaggregate. It is suggested that the
maximum aggregate size in RPC should be less th@nuén. Fine quartz sand (150 to
600 um) replaces coarse aggregate and quartz powdetlésrittean 10um) is used as
micro-filler replacing fine aggregatérichard and Cheyrezy, 1995; Ma and Schneider,
2002.

* Improving the properties of cement matrix by theliidn of supplementary cementing
materials, such as silica fume. The amount of thieasfume (micro-silica with size
ranging from 0.1 to 1.Qum) may go up to 30% of the mass of cemdRicltard and
Cheyrezy, 1995 The silica fume content in RPC is normally i ttange of 25-30% of
the cementitious material. An ordinary Portland eat(Type 1) with low GA content is
used. Cement and silica fume together is termebliader’ in RPC.
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* Improving the properties of cement matrix by redgcwater to binder ratio (0.15 to
0.24).

» Using a high dosage of superplasticizer to achibealesirable fluidity.

 Using short high carbon steel or polymer fibersatous volume fractions to improve its
tensile and flexural strength, toughness, decreeseking, and alter the mode of failure
by increasing post cracking ductilit$lfah and Weiss, 1998

* Enhancing the microstructure by post-set heat+treat.

(Tam et al. 2010)n their study on optimal conditions for produciRiPC have found that
RPC with a water-to-binder ratio of 0.2, superptazer dosage of 2.5%, 150 — 6Qth quartz
sand cured at 27 °C in water conditions provideskést results in terms of mechanical and
composite properties. They found that the heatrtreat of RPC can result in a significant
increase in compressive strength.

Though sufficient information is available on thevdlopment of RPC in the other parts of
the world, there is a lack of data on the RPC megpatilizing the local fine aggregate, which
is characterized as very fine with a low finenesxloius. Also, very limited information is
available on the durability of RPC, particularlydem the local aggressive environmental
conditions. Considering this, a research work ipriomgress where an attempt is being made to
evaluate the performance of various possible mesaf RPC produced using local dune sand
characterized as fine quartz sand with particlee sianging from 75 to 60@m. The
experimental program and preliminary test resukspeesented in this paper

2. EXPERIMENTAL PROGRAM
The ongoing research work is being carried ouh@following steps:

1. Collection of information on locally available ireglients and procurement of ingredients
from different local sources to examine their suiitty for the production of RPC.

2. Characterization of the ingredients to assess tti@mical composition and physical
properties.

3. Selection of the optimum grading of the local fiupgartz sand. As described in the next
section, the natural grading of the local dune s@&i2%, 61.4%, 21.9%, and 1.0%
passing through 60@m, 300um, 150um, and 75um sieves, respectively) has been found
to be the optimum grading.

4. Design of a total number of 27 trial mixtures of ®RRsing absolute volume method
considering three values of each of the mixtureabdes (water-to-binder ratio, cement
content, silica fume content), as follows:

Water-to-binder ratio: 0.15, 0.175, 0.20
Cement content (Kg/f 1000, 1100, 1200
Silica fume content: 15%, 20%, 25% by masseohent

For all trial mixtures, natural grading of sand amdiber content of 150 kgfwill be
used. Glenium 51 will be used as superplasticResage of the superplasticizer for each
mixture will be selected for acheiving a flow valole200+20 mm.

5. Preparation of plain and reinforced concrete spensifor all trial mixtures of RPC.
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6. Testing specimens to evaluate: compressive stretgtbile strength (both split cylinder
and modulus of rupture), modulus of elasticity,ctiae toughness, shrinkage, chloride
permeability, sulphate resistance, and reinforceénserrosion resistance. The sulphate-
resistance would be evaluated by placing RPC sme@nin a sodium sulphate plus
magnesium sulphate solution. For this purposespeeimens would be exposed to 2.1%
SO; (50% sodium sulphate plus 50% magnesium sulphsté@)tion. The sulphate
resistance would be evaluated by measuring thectieduin compressive strength after 9,
12, and 24 months of exposure to the sulphateisolu€ontrol specimens immersed in
water will also be tested at same ages. The comosesistance will be evaluated by
immersing the specimens in 5% sodium chloride gmiuiReinforcement corrosion would
be evaluated by measuring corrosion potentials ardsion current density every 30
days. Specimens will also be subjected to impressednt corrosion to determine the
time to cracking.

7. Based on the analysis of the experimental data rgeete through this study,
recommendations regarding the design and preparafithe preferred mixtures of RPC
will be made as the major outcome of this reseaaik.

3. PRELIMINARY TEST RESULTS

In order to select an optimum grading of the samdfrial mixtures of RPC were considered
with different sand grading, as mentioned in Tald=dr each mixture, a water-to-binder ratio
of 0.2 (by mass), a cement content of 1000 Rgansilica fume content of 150 kgina water
content of 230 kg/fh and a sand content of 977 kd/mere used. Glenium 51was used as
superplasticizer (SP). Suitable dosages of SP (¥hdss of the binder), as given in Tab. 1,
were used for the different trial mixture for maiming a flow of around 20 cm. All samples
were water cured at normal room temperature.

Tab. 1 Preliminary test results

) Compressive strength
Trial Sand grading SP | Flow (MPa)
Mix % | (cm)
7-day| l14-day 28-day
1 | Natural grading (taken as supplied) 1.30.0 92 109 126
. . . E
5 Passllng 60Qum sieve and retained on 1.:(1.7 18.0 81 102 117
um sieve
3 | All passing 60Qum sieve 1.8 16.0 87 91 113
4 | All passing 30Qum sieve 2.0 215 88 96 109
5 | All passing 15Qum sieve 2.1 17.5 78 85 101
Mixed (one-third of each passing throug
6 1600, 300, and 150m sieve) lo|195| 57 | 63| 64

It can be observed from Tab. 1 that the naturaliggpof the sand is most suitable because it
has resulted in a maximum strength at a minimunagesf the superplasticizer. However,
the strength is still less than the minimum strangft 150 MPa for a RPC. This is because of
lower silica fume content and a higher water-todeinratio selected for the preliminary trial
mixtures. Based on these feedbacks, it has beeadedieto use the natural grading of sand in
another 27 trial mixtures considering three cemamitents (two values more than 1000
kg/m®), three silica fume contents (two values more th&0 kg/mi), and three values of
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water-to-binder ratio (two values less than 0.2) &hieving desired strength and other
properties of the RPC.

4. CONCLUSIONS

The preliminary test results show that the natgralding of the local dune sand is most
suitable for producing RPC. However, even the lmstture produced under preliminary

trials failed to provide a minimum compressive sgt of 150 MPa needed for RPC. The
information obtained through the preliminary pafttlee research has been utilized to carry
out a suitable experiment design for achievingdégirable properties of the RPC mixtures.
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SUMMARY

Marl with 10-20% CaC®@was calcined over a range of temperatures from&QQ@00°C, and
the optimum calcination temperature with respectdactivity as pozzolan seemed to be
80C°C.

The compressive strength of mortars was testedal evater-to-cementitious material ratio
when Ordinary Portland Cement (OPC) was replaced @adlcined marl. Mortar with 20, 35
and 50% marl calcined at 800°C achieved 62, 64 5md1Pa (equal to reference without
cement replacement) compressive strength, respigtafter 28 days curing at 20 °C. The

1 day strength for mortar with 50% calcined marnplaeing cement was sufficient for
removing formwork in practical concreting (closel® MPa).

1. INTRODUCTION

Marl is considered "bad” clay for production of htrclay products (e.g. bricks and light
weight aggregate) since it is clay contaminatedh witbstantial amounts of calcium carbonate
that will form CaO after burning that can lead fwop outs” in reaction with water during
service. Calcined marl is shown to be an effegigezolan and for this reason marl can be a
large resource that is not exploited to make bldraggnents or as a mortar/concrete additive.

Calcined marl can be considered “industrial pozzbiaithin the European cement standard
(EN 197-1), and it may be feasible to make a paarol cement with up to 55% clinker
replacement (CEM IV/B) considering the 28 day gjtbnand sufficient early strength
documented in this paper.

2. MATERIALS AND METHODS

2.1 Materials

 The cement used was Standard cement (CEM | acgptdirEN 197-1) from the
Norwegian cement producer NORCEM (part of Heidejli@roup), Brevik, Norway.

e The calcium hydroxide used wgso analysi (laboratory grade) from Merck,
Germany.

» The marl (or rather calcareous clay) calcinatios dane at IBU-Tec in Germany, in a
small rotary kiln (7m in length) to simulate tectali and industrial conditions.
Grinding of the calcined materials tgpet 3 um was performed at UVR-FIA GmbH in
Freiberg.
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2.2 Mortar mix designs

The consistency of fresh mortar was determinedguaifiow table. The aim was to obtain a
w/b ratio of 0.5 in all mortars by varying the ambwf super-plasticizer. 0.1 — 0.8 % (of

binder weight) of super-plasticizer was added & mortar mixes. The flow of all mortars

was within + 5 % of the reference. The mortar mixesre cast in 3 pc. 40x40x160 mm

moulds and stored in a cabinet with 23 £ 2°C an® ®H for 24 hours. After 24 hours the

prisms were removed form the moulds and storediunrated lime water for 28 days. After

28 days storage the compressive strength andekerél strength was determined according
to NS-EN 196-1.

2.3 Paste for pozzolanicity test

In order to simplify the system, clinker was exdddn the mixes for thermal analysis. In
stead an excess of laboratory grade calcium hydepxCa(OHy, and alkaline mixing water

(i.,e. pH 13.2 and KOH/NaOH = 2:1) was used to satellthe conditions in a hydrating
cement paste. The ratio between calcined marl aleilien hydroxide (CH) was 2/1.

The samples were analyzed by thermogravimetricyaizaland simultaneous differential
thermal analyses (TGA/SDTA) with a Mettler ToledGA/SDTA 851. About 150 mg of the
frozen sample was weighed into aluminum oxide ¢desi Prior to the thermal analysis the
samples were submitted to a drying step in ordawvtad interference by the non-reacted free
or adsorbed water. During the drying step the samyds kept at 20°C and dried in the
instrument by the purge gasp,Mit a flow of 50 ml/min. After drying the sampleasvheated
from 30°C to 1100°C with a heating rate of 10°C/min

3. RESULTS

3.1 Compressive and flexural strength

The compressive and flexural strength of mortars \20% replacement of OPC with marl
calcined at different temperatures are plottedign E. The sample marked 650/800 gave the
best results. This calcined marl was then choseB85@nd 50% replacement as well, and the
compressive and flexural strengths of these moaties 28 days curing are plotted in Fig. 2.
The early strengths for mortar where 50% cemerdgptaced with marl calcined at 8@ are
presented in Fig. 3.

3.2 Pozzolanicity

The pozzolanic effect was documented by lime comdiom after the calcined marl was
mixed with lime and simulated concrete pore wafeptd 13.2. From Table 1 it can be seen
that marl/lime blend cured for 28 days at 20 °C &B8d°C consumed 62 and 61 % of the
added calcium hydroxide, respectively. For marlirblend cured for 6 months the
consumption of calcium hydroxide was 73 % and 72I'Ypical lime consumption for silica
fume is 78 % under otherwise equal conditions (Rst1992). The hydration products of the
pozzolanic reaction are likely to be similar to ghoof siliceous fly ash (CSH, CAH and
CASH), after all fly ash is formed from clay contamtions in coal burnt in thermal power
plants. The calcium aluminate hydrates can thenbawenwith any present calcium carbonate
to calcium carboaluminate hydrates as documentetlyfash (Weerdt K. De and H. Justnes
2008), (Weerdt De 2009) (Weerdt De, , Justnes/d€eland Sellevold, 201QY)Veerdt De, ,
Kjellsen, Sellevold and Justnes, 20Bhd thereby increase the overall amount of hydrate
and subsequently strength.
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Fig. 1. Compressive and flexural strength of martaith 20 % replacement of cement by
calcined marl as a function of calcination tempanefor the marl.
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Tab. 1. Calcium hydroxide (CH) consumption in tharhpaste

Curing 20 °C moist | 38 °C moist
CH at 0 days 31.7 31)
CH at 28 days 11.9 123
Consumed CH [%)] 0-28days 6214 61.2
CH at 6 month 8.4 9.9
Consumed CH [%] 0-6 mouth 72|18 71.6

4. CONCLUSIONS

It has been demonstrated that carefully calcined, macalcareous clay, can be transformed
to a very effective pozzolan that can replace ceraginder in mortar.

Up to 50% calcined marl can replace Portland cemeadtstill the 28 days strength can be
maintained.

From an environmental perspective it is clear ttegilacing Portland cement with 50%

calcined marl can have a large impact on reducegédiissions, which is a challenge for the
cement industry as a whole.
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SUMMERY

Strut-and-Tie Model (STM) can be used to modelfin of compression within a concrete
strut. Concrete struts are formed in various shapeh as prismatic or bottle-shaped.
Eighteen reinforced concrete isolated struts waimpressive strength o5 MPa were tested

to failure under point loading in the plane of dpemns. The tested specimens were reinforced
by various reinforcement layouts. Observations werade on transverse displacement,
primary cracking and ultimate failure load and mlition of strain on the face of tested
panels.

1. INTRODUCTION

Strut-and-tie method (STM) is one of the most sem@hd applicable methods that can be
used to reduce complex states of stresses witlnorete structures to a collection of simple
stress paths. Struts as important element of atrdttie model carry compressive forces and
their forming shapes varies depend on the forcé.pahe most basic type of struts is
prismatic with uniform cross-section over its ldmgihe compressive stress block in the pure-
bending region of deep beams can be an examplerisingtic strut(Michael Brown,
Cameron Sankovich, Oguzhan Bayrak, and James 26) When the flow of compressive
stress is not confined to a portion of structudaiment, a bottle-shape strut forms that the
force is applied to a small zone and dispersesi@&g ftow through the member. Its bulging
stress paths cause the significant transversen gbipendicular to strut axis. The formed
transverse strain is compressive in near of botk ¢ bottle-shape strut and tensile further
away (Michael, Brown and Oguzhan Bayrak 2006)Xonsequently, those strains cause
longitudinal cracks and initiate an early failultels therefore necessary to reinforce the stress
field in transverse direction or to consider thansverse tension to predict the ultimate
strength of strut. Some studies have been publish@u/estigate the behavior of RC bottle-
shape struts and establish their ultimate streagth the minimum requirement transverse
reinforcement on the basis of mechanic-based mghkthael Brown, Cameron Sankovich,
Oguzhan Bayrak, and James Jisra 2006), (MichaeWBrand Oguzhan Bayrak 2006).
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2. EXPERIMENTAL PROGRAM
2.1. Specimen details

Test specimens consisted of eighteen concrete phaels that measured 400x400x60 mm
and were loaded using steel bearing plates that 120x60x12 mm defining the nodal zone.
The concrete was prepared by Type Il Portland Céraed river fine aggregate. Maximum

aggregate size was 9.5 mm (3/8 inch) and the sluagpapproximately 90 mm. The concrete
strength was defined 65 MPa based on the averdge ohthree standard cylinders (300x150
mm). The primary variables were the amount andegoent of the reinforcing bars. The

specimens were classified in the following seriesda on the various patterns of used
transverse reinforcement. Each of the specimemgessribed in detail of Fig. 1; the tested
panels were employed supplemental confinement atnihdal zones. This confinement

consisted of short pieces of reinforcing 6D (6 mia)dbars welded to a steel plate and
surrounded by ties bent from 6D (6 mm-dia.) bars.

- — ~ - - - ~ - - B ~ -
L } L J L p L J C J C J
A-1 - - - -6

J L

H-1 E-1 D-1 Cc-1 C-2 C-3
Fig. 1 The typical schema of specimens

2.2. Test setup and loading

The test setup was similar to split-cylinder tegtrty a monotonic load with an increasing rate
applied at top face of specimen trough bearing gileée. The basic setup of test is shown in
Fig. 2, To report and record the magnitude of agpload, a load cell placed between the
hydraulic jack and the strong girder of reactianie.

3. EVALUATION OF TEST RESULTS
3.1. General behavior

All specimens presented a same behavior. As irairsteps of loading a vertical crack was
formed approximately at the mid-height of the spems. By increasing the applied load, this
crack propagated toward the top and bottom loadgds As the crack reached near to top or
bottom loading surface, it changed direction and/edi toward out of loaded zone (Fig. 3).
However the ultimate failure occurred due to extesplitting of concrete at mid-height of
tested strut. In The over-reinforced specimensmale failure was initiated by crushing of
the concrete near, but not adjacent to the loapaigts (Fig. 3)Table 1 presents the cracking
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and ultimate failure load obtained from tests. atculate the efficiency factar on the basis
of experimental data, the applied load at failur¢he specimens was divided by the bearing
area of that particular specimen times the compressrength.

Load cell

—| Jack

Specimen

Displacement Transducer

Data Logger

Power Supply of Jack .:
, 0 _
—

Strong Gireder

Fig.2 Testing setup

Fig.3 general behavior of tested specimens

3.2. Effect of transverse reinforcement

In each group, there is a considerable variaticthénexperimental strength, as the amount of
transverse reinforcement increased, the ultimapmaty of specimens increases and the
failure mode changed from a tensile failure of ceteaway from the crushing of concrete at
or near the loaded edges. The marked increaseéergage of transverse reinforcement was
not associated with significant increase in ultienstrength of over-reinforced specimens than
under-specimens. It means that, by satisfying ¢qeirement reinforcement the bottle-shaped
strut can be able to maintain equilibrium and add#l transverse reinforcement only
controls the width of cracks and cannot prevensitenfailure. The ultimate capacity of
specimens contained reinforcement lumped at thelmiggion of strut was measured greater
than other specimens with same amount of transvessgorcement. Because of high
transverse tensile straining at the center of strittis logical that, the concentration of
reinforcement at this region can resist the occutensile stresses and be more effective
compared with specimens despite the presence oforeement that was distributed by
uniform spacing. In addition, lumping of transversmforcement near to the loading surfaces
decreases the efficiency of transverse reinforcegmaa the experimental capacity of
specimens in series C was less in comparison wtset in series A and B that were
reinforced with same percentage of reinforcements lconcluded that from experimental
observations, once the initial crack appears, thecrete stiffness reduces significantly. By
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increasing the applied load, the system of STM etesged and the vertical crack propagates
toward loading surfaces of strut. At least befdtenate failure of strut a series of secondary-
ties appears with slight level of stress due testadution of middle tensile stresses.

Tab. 1 experimental results

Specimen Ultimate Load Cracking Load L k= ,Ultlmat_e Load V,
D kN) V, kN) V., f{ X Bearing Area A
A-1 258 205 0.55 0.79
A-2 371 271 0.79 0.73
A-3 432 307 0.92 0.71
A-4 465 330 0.99 0.71
A-5 479 325 1.02 0.69
A-6 481 325 1.04 0.66
B-1 221 172 0.47 0.78
B-2 343 257 0.73 0.75
B-3 418 288 0.89 0.69
B-4 461 323 0.98 0.70
B-5 465 293 0.99 0.65
C-1 268 155 0.57 0.58
C-2 343 170 0.73 0.49
C-3 423 260 0.90 0.61
D-1 401 230 0.87 0.57
E-1 381 243 0.81 0.64
F-1 353 215 0.75 0.61
H-1 184 137 0.39 0.74

4. CONCLUSION

a) The ultimate capacity of concrete strut depends tlom amount of transverse
reinforcement, but if the minimum requirement rencement is satisfied the
additional reinforcement only can improve the pwgmof serviceability.

b) Because of high transverse tensile straining atémeer of struts, the concentration of
reinforcement at this region can be more effectiompared with specimens despite
the presence of reinforcement that was distribbtedniform spacing.
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SUMMARY

Meeting the requirements of the lowering of €nissions is nearly impossible without the
development of new building materials which canlaep Ordinary Portland Cement based
concrete — (OPCC). As OPCC shows many excelleqggpties and is also customer-friendly,
only a limited range of applications seems reasientis Alkali Activated Concrete (AAC).
Some of these applications are discussed in tlpsrpdt focuses on the utilisation of precast
elements from AAC in applications where some of dthvantageous properties might be
important. The properties of AAC and OPCC are camba

1. INTRODUCTION

Alkali-Activated Materials and geopolymers are mthntensively studied materials. The
reason of the interest in these materials is eafpgdhe lowering of CQ emissions during
their production. It is a well-known fact that dugi the production of 1 ton of ordinary
portland cement nearly 1 ton of @@ emitted (decomposition of limestone, burning,
grounding,...).

A number of practical applications of AAC can beurid in the Ukraine, see for example
(Rostovskaya et al. 20Q7n Australia, seevan Deventer 2010jn China, seeRan 2010)
and some other countries. But some problems dopstikist, following from the relatively
complicated composition of AAC. In the case of OP@®&ctically only water to binder ratio
affects the properties of concrete. However, indage of AAC not only water to binder ratio
affect these, but also the amount of activakjrgnd the ratio between alkalis” content and
anionic group; in this case (b + K;O) / SiG ratio. All these characteristics affect the
properties of fresh and hardened concrete.

Some results for AAC produced from Czech groundnglia@ed blast furnace slag are
summarised irBilek et al. (201Q)A suitable course of setting and hardening wasdofor
mixtures with NaO + KyO) / SiG ratio= 50/50 — 70/30. For these ratios also the maximum
compressive strengths were recorded. Early stterggluse some problems — they are usually
low. They can be increased by an enhancement afrtheontent of activator > 9 %), see
(SzklorzovaBilek 2008) Other problems are caused by efflorescencenlbeaeliminated by
the use of potassium ions instead of sodiuBzklorzova, Bilek 2008)'he workability of
mixtures is also enhanced in this way.

A wide range of applications can be found for mahexdmixtures; some of them enhance

workability — for example fly-ash or limestone, \ehiothers enhance early strengths — for
example powder from recycled concrete (concrekexil
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As a result of the above mentioned results it isspme to design self compacting alkali
activated concrete (SCAAC) with water to binderiaat0.45 — 0.52, with compressive
strength cca 60 MPa, a good frost resistance agistaace to some aggressive solutions. In
addition, the application of admixtures reduces ¢bst of materials of SCAAC. From the
view-point of the production of concrete elements iinteresting to compare SCAAC with
SCC on the basis of OPC. SCCs also contain a hijopoof mineral admixtures which
reduce the negative impact of OPC on ecology. @notiher hand, mineral admixtures can
lower some mechanical properties — especially edrgngths or frost resistance.

2. MATERIALS

GBFS which was used had been produced in blasad¢esiin the Czech Republic and it is
grounded at the Kotouc Stramberk company to theifipesurface 420 fikg. Limestone
filler — originated from Mokra - is grounded by tkkarmeuse company to different specific
surfaces. The results for the specific surface ®8lkg are presented in this paper. Fly ash
f.a.450 (complying with EN 450 - Fly ash for corntedeand fly ash 12620 (complying with
EN 12620 — Fillers for concrete) from the Chvaletpower station, which burns brown coal,
were also used.

Concrete filler was obtained by crushing 1-yearaltles of SCC — 440kg CEM 1 42.5R, 150
kg limestone, the water/(cement + limestone) rats 0.32, aggregates / paste volume ratio
was 1.32. This concrete was grounded in a balltmiéipecific surface — 450%kg.

A blend of sodium water glass and potassium hydi®xb0 % solution KOH) was used as
activator. Silicate modulus of water glasg#1.6, dry mass content 45 %.

For SCC production also ordinary portland cemenMdR2.5 R and polycarboxylate-based

superplasticizer were used. Besides the reportadixagres, a mechanically activated

concrete filler (concrete filler FF) and an admmetibased on mechanically activated fly ash
(DASTIT®) were used., too.

3. EXPERIMENTAL METHODS

The concretes were prepared using drinking watatyral sand 0/4 mm and two narrow
fractions of crushed aggregates 4/8 and 8/16 mpeotisely. All concretes were prepared
with the same grading of aggregates — the samseid for usual SCC concrete.

All mixtures were mixed in accordance with the casifion shown in table 1 and 2 in a
laboratory mixer in 30 litre volume. Immediatelytaafthe mixing, tests of workability (cone
flow with reversed Abrams cone) and the conterdgrdfained air were performed. After these
tests the concrete was placed into steel mouldscémpressive tests 100 mm cubes were
prepared which were unmoulded at the age of 24shand tested. Other specimens were
stored in wet conditions (r.h. > 95% and t = (2@)£C) up until the tests at the age of 28
days.
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Tab. 1Composition and properties of SCAAC

A D E F

> [%0] 10 10 10 10

(K+N)/S 60/40 60/40 60/40 60/40

w/(s+a) 0.51 0.46 0.46 0.46

GBFS 420 [kg] 450 300 300 300

f. a. 450 [kq] - 150 - -

Limestone [kg] - - 150 -

f.a. 12620 [kg] - - - 150

Cone flow [mm] 580 740 610 520

Air content [%0] 2.5 3.4 3.3 3.8

feos [MPa] 7.8 10.5 9.8 5.9

Oy [kgm?]| 2261 2250 2271 2191

feoe [MPa]| 67.4 68.0 55.3 61.0

dg [kgm°]| 2255 2253 2280 2243

price [EUR] 87 76 79 76

Tab. 2 Composition and properties of OPGH&CC
I Il 1] \Y V

w/(s+a) 0.42 0.42 0.42 0.42 0.42
CEM1425R [kg] | 520 390 390 390 260
fly ash 450 [kg] - 130 65 65 -
concrete filler 450 [kqg] - - 65 - -
concrete filler FF k] - - - 65 -
DASTIT [kq] - - - - 260
superplasticizer [kg] 2.3 2.3 2.5 2.5 6.0
Cone flow [mm]| 550 460 550 460 450
feos [MPa]| 25.0 9.1 10.2 13.7 7.9
da4 [kg m7] | 2300 2265 2266 2255 22271
feoe [MPa]| 67.5 58.8 51.2 54.2 65.3
dos [kg m7] | 2326 2313 2275 2297 2260
price [EUR] 61 49 49 49 55

4. DISCUSSION OF RESULTS

Both SCAACs and SCCs have nearly the same volumeasfe — cca 0.345 *mThe
workability was much better for SCAACs — fresh cate flows very smoothly. Cone flow
loss proceeded continuously; concretes were woekfablcca 30 minutes.

Also workability od SCCs was good — it was at tbevér limit for SCC. It is possible to
enhance it by the addition of superplasticizer.desdly the workability of concrete with a
ternary binder — fly ash and concrete filler 45Gwaod.

The compressive strengths of SCAAC at the age didi#s were low, but they were nearly

the same as those of OPC based SCC with admixtuiid(s concretes with ternary binders
showed better early strengths. Probably also sosshamical activation was reached by high
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speed centrifugal grinding, as concrete with comcfdler FF showed better strength than

those with concrete filler 450 from a ball mill. Ate age of 28 days all concretes showed
relatively high strengths — but the strengths oA8C were higher. This was a consequence
of a better reaction of mineral admixture in anaéifie environment — higher pH helps the

decomposition of fly ash and this admixture take# n strength development. Relatively

high strengths were recorded also in the case & bd3ed SCC.

The prices of SCAAc are significantly higher thaonge of OPC-based SCC, the reason being
the high prices of alkaline compounds — especlaH.

5. CONCLUSIONS

It is possible to produce SCAAC with such similaesgths as can be shown by usual SCC.
Further properties (frost resistance, moduli oftdaty,...) of these concretes are reported in
other papers.

The testing of durability in an aggressive enviremtnof all above-mentioned concretes is
being continued. An excellent durability of SCAAGswrecorded in the previous paper.
These properties will justify somewhat higher psioéd SCAAC.

Another way would be the use of waste materialk)at of activator; e.g. tests with cement
kiln dust are proving rather promising.
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SUMMARY

The use of High Strength and High Performance Gaasris quickly being adopted by the
construction industry world-wide. Research regaydime behaviour of elements cast using
High Strength Concretes is therefore of paramomportance in order to ensure adequate
design and construction of structures using thitensl.

This paper presents experimental results obtaired push-off tests performed on elements
cast using concrete with a mean value of the cosspre strength, determined on 150 mm
cubes, of §=100 MPa, reinforced witip8 mm deformed bars (500 MPa) in the form of
stirrups crossing the shear zone. The distancedaet\wstirrups (s) and the number of stirrups
was varied in order to determine the influence ehforcement placement and of the
mechanical reinforcement ratip,{;) on shear behaviour of reinforced High Strength
Concrete elements.

1. INTRODUCTION

High Strength Concrete (HSC) is a relatively newarial whose behaviour under different
types of loading is not sufficiently understood.hBeiour in shear is of particular interest as
HSC is known to exhibit fragile failures due to teeength of the cement matrix being as
high as or higher than the strength of the aggeedétis leads to cracks passing through the
aggregate rather than forming in the contact zonbetween the matrix and the aggregate,
taking the effect of aggregate interlock away fribra shear resistance of eleme(@EB-FIP
2008), (NISTIR 1996 )

This characteristic of HSC does not need to betardmt to the use of reinforced concrete
elements cast using HSC as proper use of reinfa@oerould ensure adequate behaviour of
elements subjected to shébleghes 2009), (Letia 2010) (Negrutiu 2010).

Shear in reinforced concrete elements is alwaypleduwith bending but all major design
codes around the world separate the design of elsne flexural/bending design and shear
design, considering that the section designed garsihas a constant bending moment or
ignoring the effect bending haSyrocode 2 2004), (ACI 318-08 2008).

In order to study shear independently of bendingtam test specimens (push-off specimens)
were designed, cast and tested. The results ofetmileavour are presented in this paper.
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2. EXPERIMENTAL PROGRAM

The concrete used to cast the three push-off sgasmdiscussed in this paper had a mean
value of compressive strength determined on 150 cubes §,=100 MPa RILEM 1994)
The constituent materials used were Portland CerG&M | 52.5R, grey silica fume with
high content of SiQ commercially available as Elkem Microsilica Grad#0V,
superplasticizer BASF ACE40, locally acquired aggtes river sand (particle size 0-4 mm),
crushed quarry stone (dacite, particle size 4-1§.mm

HPC mix proportions were: cement (1 part), silicané (0.1 parts), aggregates (3.3 parts),
and superplasticizers (0.03 parts). The water/irateo was 0.26.

The reinforcing steel was size 8mm deformed batk wicharacteristic yield strength of 500
MPa (fx=500 MPa). The distance between stirrups (s) aachtimber of stirrups was varied

(s=100, 150, 200 mm) in order to determine theumrice of reinforcement placement and of
the mechanical reinforcement ratie,f(=4.2, 2.8, 2.1) on the shear behaviour of reinfdrce
HSC elements. (Fig. 1)
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Fig. 1 Reinforcement details of push-off specimens
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3. TESTING PROCEDURE

During testing the load was applied gradually. Eé&séding stage consisted in 100 kN
increments, up to the failure of the elements. Téss method was used in order to allow the
necessary time for distribution of efforts throughthe element and visual inspection.

The load applied and the strains it produced ingleenents were recorded using force and
displacement transducers and strain gauges, cathich data acquisition system (Fig. 2).

Force

transducer
amm SPherically

seated platen

_«Displnccmen(

transducers

Roller and
plates 58

Fig. 2 Test setup of push-off specimens (left) polspecimen after failure (right)

4. TEST RESULTS AND CONCLUSIONS

As expected, behaviour of the test specimens dahie to stirrup spacing (s=100, 150, 200
mm) and mechanical reinforcement ragpef{=4.2, 2.8, 2.1) (Fig. 3).

In two of the elements, in which the distance sMeen stirrups was 100mm and 150mm,
shear cracks formed at the same value of the loadgely 700 kN while in the third element
tested with a distance between stirrups of 200 theJoad at which shear cracking occurred
was slightly higher, 800 kN. The formation of sheeaicks in all specimens was sudden. In
the first two elements the cracks had the sama&limitidth while in the third element it was
three times as wide. It could be said that in thiedtelement the more even distribution of
tensile efforts in the concrete led to the 100 kisréase of the load at which shear cracking
occurred.

The failure load of the elements was 1150 kN, 1RR01000 kN. The values are very close

to one another thus showing only a slight influemfestirrup spacing and mechanical
reinforcement ratio on the ultimate load of thened@ts.
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SUMMARY

Non Destructive Testing is a powerful tool for deteation of technical structures lifetime.
Acoustic Emission Method is an unusual techniquéckvidescribes only active defects or
changes into structure, consequently dangerousotemsto structure(Janseen, 1994)The
method is appropriate to be used in homogenouststas as metal structures and then cracks
are highly active (generates sound). Its applicaitiocivil engineering is not so much applied.
This article shows possible application of Acoug&inission Method for monitoring concrete
structure changes during its lifetime. It is beéidvhat early age of concrete structure is very
important for its quality. Common concrete prisme@mens have been tested after the
production by Acoustic Emission Meth@8litcin 2005)

1. INTRODUCTION

Acoustic emission is the term for the noise emittgdmaterial and structures when they are
subjected to stress. Types of stresses can be mieahahermal or chemicgBhuling Gao,
Wenling Tian, Ling Wang, Pei Chen, Xiaowei Wangl ainli Qiao, 2010) This emission is
caused by the rapid release of energy within a maidue to events such as crack formation,
and the subsequent extension occurring under aledpgiress, generating transient elastic
waves which can be detected by piezoelectric sen@dazal 2000), (Metacoustic Pty.
Limited, Australia’'s First and Leading Acoustic sion and Structural Integrity Evaluation
Research and Application Group, 1978).

Acoustic emission method can monitor changes irerred$ behaviour over a long time and
without moving one of its components i.e. sens®igs makes the technique quite unique
along with the ability to detect crack propagati@esurring not only on the surface but also
deep inside the material. The acoustic emissiorhatkeis considered to be a "passive” non-
destructive technique, because usually identifiesfeads while they develop during the test.
The acoustic emission method is often used to tatéalure at a very early stage of damage
long before a structure completely fa{iGrosse, Ohtsu, 2008), (Metacoustic Pty. Limited,
Australia's First and Leading Acoustic Emission &tductural Integrity Evaluation Research

and Application Group,1978)

Fracture in a material takes place with the reledstored strain energy, which is consumed
by nucleating new external surfaces (cracks) anitkiemelastic waves, which are defined as

acoustic emission waves. The elastic waves propagsitle a material and are detected by an
acoustic emission sensor. Except for contactlessoss, acoustic emission sensors are
directly attached on the surfaf@rosse, Ohtsu, 2008), (Blitz, Jack; Simpson 1991)
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The setting and hardening process of concrete eanohsidered as the most critical time
period during the life of a concrete structure. dssure high quality and avoid problems in
performance throughout the life of the materialisitessential to have reliable information
about the early age properties of the conofeteovics, 1971)The properties of concrete are
solely determined by the composition of its ingesds and the conditions during the setting
and hardening proce$®zturk, Rapoport, Popvics and Shah, 1999)

There are many techniques to determine concretgepres. Their application during early
age is very complicated or even impossii@&uble, Zhang, Sun and Lei 2000)

2. EXPERIMENTAL SETUP

Two samples of length, 400 mm, height, 100 mm, amdth, 100 mm, were measured
simultaneously. Four acoustic emission sensors paeed on the surface of both samples.
(Fig. 1) Two sensors were placed on the first sangpld the other two ones on the second
sample(Pazdera, Topolar, Bilek, Smutny, Kusak, Lunak 20Each sensor was kept by
specially made holder, so that the contact betwssstsor and sample surface was easy to
achieve.

-

Fig. 1 ounting acoustic emission sensors
3. RESULTS

During hardening one of the blocks was wrappedauprévent it from spontaneous drying,
whereas the other was left without protection talbaing in open air.

The following diagrams (Fig. 2) show a cumulativeishoot count (B versus time (t) plot.
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Fig. 2 Comparison of the wrapped specimen and sggTiwithout protection at different time

It is evident from the shape of the curves that ghecimen without protection features a
substantially higher acoustic emission activitgnfir which a higher number of micro-cracks
in the specimen can be inferred. It is clear fréma tletailed view of the diagrams that the
specimen without protection shows a more acoustisgon event counts during the first 4
months (Fig. 3) (from the acoustic emission measerg starting point) and, consequently,
larger phase changes.

The sharp increase in the acoustic emission evdgheavrapped specimen at about 24 hours
(Fig. 2 — in the bottom right) is connected witle tmmolding of specimen so-called "exhale".
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Fig. 3 The change in the slope during the hardeafrapncrete

4. CONCLUSIONS

Acoustic Emission Method as non-destructive teammighows advantages in the protection
of concrete specimens. Cumulative curves of acoustiission activity (Fig. 2 and Fig. 3)
clearly show steeper slope of non-protected coasample. Number of micro cracks can be
higher in the non-protected sample mainly durirggehrly age.

Application acoustic emission method during hardgnand setting concrete structure can
help to create a better procedure for the proteaiaconcrete structure.
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SUMMARY

Several mechanical properties are usually improvbedn steel fiber is added to a concrete
mixture. However, volumetric ratio of the steeldibaffects the workability of the mixture.
This adverse effect should be avoided during theeld@ment of self consolidating mixes
especially with lightweight aggregate. The objeetnf this experimental investigation is to
determine the volumetric ratio of the steel fibdrietr could be used while maintaining the
unit weight, workability, and strength requirementShree ratios of 0.5%, 1.0% and 1.5%
were used during the evaluation. Slump flow tesiif weight, compressive strength, and
flexural strength were used as evaluation critduang the development stage. Followability
and dry unit weight were met by the 0.5% and 1%ffikatios but not by the 1.5% ratio.
However, compressive strength in excess of 50 M&aaghieved by all ratios.

1. INTRODUCTION

Development of a steel fiber high strength lightighe aggregate mix requires knowledge
about advantages and limitations of each matendlits impact on the fresh and hardened
stages of the concrete. The main highlights argigeal in the subsequent sections.

1.1 Lightweight Aggregate

Natural lightweight (LWT) aggregates were formednfr volcanic eruption such as pumice
and scoria. In Germany, the industrial use of LViggragates (pumice) started in 1845. In the
20th century, manufactured LWT aggregates wer@dliced to the market. As a result, it
became possible to produce concrete with a higingth and low density at the same time. In
1917, Hayde of the U.S developed a process to expky using tubular kiln. During the
world war two, the development of the LWT aggregaiacrete increased. Several buildings
were completely built using lightweight aggregatsh as the 42-floor Prudential Life
Building in Chicago.

Manufactured aggregates gain their reduced weigig @ the entrained air during the
production. Gained porosity affects concrete predugsing LWT aggregate in two aspects.
First, higher absorption capacity leads to stremgtiuction if more water to be added to reach
the needed workability. The second impact whichalso related to higher absorption
capacity: it could serve a self-curing function (GRcould be utilized for self-curing”). This
will help improve the compressive strength by iasiag the bond at the interfacial zone
between the hydrated cement and aggregate suBaeei¢our, Y., et. al. 2009)

1.2 Steel Fiber

Improving crack resistance, crack propagation,ikerssrength, impact resistance, in addition,
to controlling shrinkage are some of the advantagfesitilizing steel fiber in concrete
mixtures. However, some limitations such as losswofkability and not maintaining a
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homogenous distribution of the fiber might affechi@ving full benefits of this addition
(MacDonald et. al 2009),( Johnston 2001).

1.3 Self Consolidated

Originating in Japan during the mid-1980s, selfsmiuating concrete is a highly workable
concrete mix that needs little or no vibration wieasting Holt, 2011) It allows concrete to
self compact and can allow it to fill spaces whigbuld be otherwise difficult to fill. It
requires a sensitive balance between creating ndefermability while ensuring good
stability, including an adequate resistance to esgmgion and bleeding. This is done by
adjusting the water cement ratio, adding certaimiatiires, and selecting appropriate
aggregates based on density, shape, size, andigra@éang, 2004)

There are many advantages to using self consaiglabncrete. It can potentially reduce the
cost of a project by reducing the labor requirersdot casting and allowing it to be done fast
and easily as well as less noisily. Complex prgjexdn be accomplished by allowing the
concrete to be cast in places that are hard tohremc places with congested steel
reinforcement. There are drawbacks to its use thoegpecially since it's a very young
technology. There is a lack of guidelines and dmations regarding the topic, as well as
need for an accurate mix desigfoft, 2011) (Yang, 2004)(Yehia, et. al., 2009Bleeding
and segregation is another problem that must bé ikemind when proportioning the mix
(Yang, 2004) The durability and strength of the concrete miglsb be affected due to the
reduction of coarse aggregates and their intentackeature. Creep and shrinkage at the early
stages can also be a problgfihéyat, 1999) There has also been a slight noticeable reduction
in the modulus of elasticity of the mikélekoglu, et. al., 2007)

The research herein deals with the development cfeld consolidated high strength
lightweight mix utilizing lightweight aggregate alable in the United Arab Emirates.

2. EXPERIMENTAL INVESTIGATION

The main objective of the experimental investigati® to determine the optimum steel fiber
percentage per volume which could be used to aeliley development of a self consolidated
high strength lightweight concrete mix. Three patages of 0.5%, 1.0% and 1.5% were used
in the study. The evaluation criteria during theelepment stage were slump flow test and
wet unit weight for fresh stage, while compresssteength and flexural strength were used
for hardened stage. The target compressive streagth MPa or higher and dry unit weight
less than 2000 kgfinTests were conducted at 3, 7, 14, 21, and 28 aegsrding to ASTM
standard specifications.

3. RESULTS AND DISCUSSION

Mixes with 0.5% and 1.0% steel fiber per volumewgbd SCC characteristics and met the
target flowability, however, the higher steel fibeeight in the 1.5% ratio reduced the
workability and did not exhibit SCC characteristiEgy.1 shows slump flow test for 0.5 and 1
% steel fiber, 550 mm and 510 mm spread were medsuespectively, with no sign of
segregation. Wet and hardened unit weight were edéculated and found to be within the
acceptable range defined by the ACI213R-03. Allesixvith different steel fiber percentage
achieved compressive strength higher than 50 MRa. Zshows a typical failure mode
during compression tests. The fiber improved tlaelcresistance and crack propagation. The
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flexural strength was higher than that calculatgdhe ACI Equation [0.62-0.8¢E] (MPa)
for the 1% and 1.5% as summarized in Table 1.

b) 1% steel fib\pﬂume
Fig. 1 Flow slump test

Fig. 2 Typical failure mode at 3-day test

Tab. 1 Summary of the test results

Fiber Percentage
0.50% 1% 1.50%

28- Day Compressive Strength (MPa) 50.69 52.165 55%4.

Theoretical Flexural Strength [0.62-0.$E] (MPa) 4.14-5.83| 4.47-592  4.57-6.0p
for Plain Concrete

28- Day Flexural Strength (MPa) 5.445 9.11 13.295

Fresh Unit Weight (Kg/r) 2001 2042.5 2071

4. CONCLUSIONS

Phase | of the experimental program presentedisnpdper discussed the development of a
self consolidated high strength lightweight conenetix utilizing available lightweight coarse
aggregate source in the United Arab Emirates. €geresults showed that all ratios of steel
fibers used in the investigation met the evaluatigteria expect the 1.5% showed reduced
workability because of the increased weight of fiber. Therefore, this ratio will not be
included in further stages of this investigation.
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SUMMARY

Results of experiments on two reactive powder cetiec(RPC) arch models, carried out with
concentrated loads at quarter-span are discusseleirpaper. Load-displacement curves,
cracks, failure modes and ultimate load-carryingacaty of the arches were analyzed and
compared with results obtained on reinforced cdec(®C) arch models. Experimental
results show that the behaviour of RPC archesnslasi to those of RC arches. The RPC
arches also fail due to the mechanism formed by fdastic hinges caused by cracks in
tensile areas. But the initial crack load, reinfarent yielding load and ultimate load of RPC
arches are 2 to 3 times as high as those of RGesr@nd the largest crack width in RPC
arches is only forty percent of that of RC arches.

1. INTRODUCTION

Reactive powder concrete (RPC) is a relatively mewcrete that is higher strength, better
toughness and durability than normal concrete amgh hperformance concrete. Its
compressive strength is as high as 200 MRarfe et al 1995)But RPC without steel fiber
should be chosen for using carefully, becauseoh@ito brittle. It can be used in arch bridge
which the compression is the dominant forces tocedsection size and structure self weight,
enhance its span capacity and improve structurabdlity. The researcher from Croatia
proposed design project of PRC arch bridge whose arah span was 432 500 m and
1000 m, and considered that RPC would lightenweifyht of the arcifCandrlic et al 2004,
Chen et al 2005)A research conducted trial design of RPC archgaridaking the Wanzhou
Yangtze River Bridge as prototype, also counted RRC could reduce self-weight of the
main arch by about 40%, and decrease consumptisteef by 72%Yu 2008) However, the
application of long-span RPC arch bridge has nenlechieved yet. The main reasons may
include high price of RPC and RPC arch researcltenotigh. So far, Experimental study on
the RPC arch has not been repoifédn et al 2009, Wang 2008, Tang 20®¥periments on
two RPC arch models are described in the papan gffart to remedy this deficiency.

2. EXPERIMENTAL PROGRAMME

For adequate comparison, the two RPC arch modelssrpaper (R1 and R2) were designed
as similar to the two RC arch models (C1 and )en 1986)Except the materials of the
models, all other parameters were kept the sameRfibrcorresponding to C1, and R2
corresponding to C2. The span of the models isch@0and cross section is rectangle, 15 cm
high, 40 cm wide (Fig.1); diameter of steel barsdsmm. Other geometric parameters can be
found in Tab. 1. Testing photos are presentedgnZand Fig. 3.
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Tab. 1 The geometric parameters of arch models
Specimen| Arch axis coefficientArch span(cm)| Rise to spanratio Arch rise (cm)
R1, C1 2.24 407.566 1/8 51.024
R2, C2 1.756 409.961 1/5 81.893
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Fig. 2 The test photo of R1Fig. 3 The test photo of R2

RPC compositions: cement 833.8 kd/mand 975.5 kg/fh silica fume 250.1 kg/m steel
fibers 234 kg/m, super-plasticizer 20.9 kgfmwater 196.1 kg/th The curing system of the
arch models contained natural curing (2d), steanmg({8h, 180C) and natural curing 14d.

From the material tests, the RPC compression dtieisgg 150 MPa; tensile strength is
21.6MPa; the Young modulus is 3.9%1MPa; and the peak strain is 0.0035. The vyield
strength of steel bar is 411 MPa; ultimate tenstitength is 567 MPa; and the Young modulus
is 2.05x160MPa.

3. TEST RESULTS AND ANSYSIS

The maximum out-plane displacement of Model R1 afagut 0.35mm, just 1/11429 of the
span; and about 0.46 mm of Model R2, just 1/8913hef span. Therefore; the test is
considered ideal in an in-plane loading condition.

The test process of RPC arch can also be dividediiimee phases as in the general RC arch,
i.e., elastic phase, crack developing phase, amdoreement yielding phase. The section at

guarter span L/4 was chosen as representativeodilre thighest stresses for the introduction

of these three phases, depicted in Fig. 4.

In elastic phase there is no crack on the arch inadd the load-displacement curve is totally
straight. The second phase is the crack develggiage, in which the first crack appears and
the load-displacement curve develops nonlinearythe third phase, the reinforcement bar
yields and the displacement develops rapidly wittal§ load increment. By comparing with
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RC arch, it can be found that the ultimate loadyeag capacity of RPC arch is much larger,
flexural rigidity improves obviously and drops slgwLoad comparison of each phase
between R1, R2, C1 and C2 are presented in Tab. 5.

-20 -15 -10 -5 0 5
400 T T T T T 400

350 + - 350

Section L/4 of R2

300 o - 300

250 S e 4 250
P=250kN
200 -+ 200

Crack developing phase

Load / kN

150 Section L/4 of C2 4 150

“““““““ .

ey
100Reinforcemetn yielding phase **4aua,, e e i 4 100
P=100kN

50 rack developing phase
Elastic phase

0

T T T b T
-20 -15 -10 -5 0 5
Displacement/ mm

Fig. 4 The comparison between load-displacemenesuof R2 and C2

Tab. 2 The load comparison of each phase amon®RI1C1 and C2

category Rl R2 C1 C2 R1/GR2/C2

Initial crack load (kN) 55 | 100/ 40 | 30| 1.4 3.3
Reinforced yielding load(kN) | 205|250 85 | 83| 2.4 3.0
Ultimate load (kN) 375|373|140| 130| 2.7 2.9

First cracks appeared at the section of L/4, 3lbd tvo arch springs of R1 when the loading
reached up to 80 kN 55 kN, 80 kN, 90 kN, respectively. The cracks wigemand developed
as the testing continued, and even almost passeghthe whole depth from the bottom or
the top of the section. The cracks just concerdratd_/4, 3L/4 and two arch springings. The
largest crack was about 3 mm wide, located at botd the loading area. The largest crack
region was located at top of 3L/4, about 112 cngl(fig. 5).

Cracks in C2 shown in Fig. 6 are similar to R1 (Y But the first crack appeared in RPC
arches when the load was much larger than thatCo&iRhes as listed in Table 2. The largest
cracks width in RPC arches is only forty percenthat of RC arches at the same load level. It
is obvious that the crack-resistant capability &CRarches is better than RC arches.

The largest crack width0.48mm

Fig. 5 The crack pattern of R1 (unit: cm Fig. leeTcrack pattern of C2 (unit: cm)

The deflections of R1 are presented in Fig. 7. &ibn of each section increased almost by
the same amount in the elastic phase; while thosedtion L/4 and 3L/4 increased quickly in

the second phase due to reduction of their rigiditdhen thin layer of crushed RPC was

observed and crack depth of the section was vegp dethe four key sections which means
that plastic hinge has formed; no load increamens wossible, the model arch was

considered as failed due to four plastic hingesnémt and behavor like a mechanism.
Compared to deflection of RC arch model C2 in Bigit can be seen that the failed mode of
RPC arch is similar to the RC arch.
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Fig.7 The deflection of R1

Fig.8 The deflectionG#

4. CONCLUSIONS

The behaviour of RPC arches is similar to thosRGfarches. The RPC arches also fail due
to the mechanism formed by four plastic hinges eduxsy cracks in tensile areas

The crack-resistant capability of RPC arch enhasggsficantly. The largest cracks width of
RPC arches is only forty percent of that of RC asch

The ultimate carrying capacity of RPC arches ineesaobviously. In the experiments, it is
about 2 to 3 times as high as the ultimate capa¢iBC arches.
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SUMMARY

To evaluate the potentiality of using as an artiraiion system, rubber modified reinforced
concrete was investigated in this study. The rusbdrmixtures were produced by replacing
5%, 7.5%, and 10% by mass of aggregate with 1 ton4sarap truck tyre crumb rubber

particles. A series of beams (1200 mm X 135 mm X80) were tested in a free vibration

mode and then subsequently in a four point flextesis. The input and output signals from
vibration tests were utilised to calculate variodgnamic parameters such as natural
frequencies, frequency response function (FRF) dyishmic modulus of elasticity. The

results showed that compared to control mixturagdgal reductions of natural frequencies in
first six modes of all rubberised beams with highssing in the mixture with 10% rubber

contents. In addition, despite the reduction inralestrength, rubberised mixture showed
flexibility under loading possibly due to higherezgy absorption capacity of rubber particles.
Compared to control mixture, the results also shlibaveiniform global decrease in dynamic
modulus over the span with as high as 26% reduatidine mixture with 10% rubber content.

The results indicate rubberised concrete have matiB-vibration properties and could be
viable alternative to use as a vibration attenuatnaterial.

1. WHY RUBBERISED CONCRETE?

Scrap tyres form a major part of the world’'s soldste management problem and will
continue in coming years. Each year the UK alore@pces around 30 million waste tyres
with 1 billion being produced globally. Almost half them are landfilled or stockpiled with
the rest being recycled, exported, and disposeiflegfally. Since 2006, the EU's Landfill
Directive has barred disposal of most tyres asdfith material. As a result, if alternatives to
landfill disposal are not found, disposal costd witrease and illegal dumping or inadequate
storage will continue to worsen. The fire risk asated with illegal dumps has the potential
to cause significant environmental harm. In thé ta® decades, utilisation of scrap tyres as a
construction material, especially in concrete asghalt mixtures, has gained significant
popularity in the research community as an altéreaise of waste material to consume a
large quantity in a most environmental friendly wi@ldin and Senouci 1993, Dieb et al
2001, Airey et al 2003, Ganjian et al 2Q08lowever, in reality, usage of waste tyres inlciv
engineering is currently low because of concernr aeduction in strength and long term
durability.

Recent researchZfeng 2008 has demonstrated that rubberised concrete mayiderca
distinct advantage to absorb vibration and coulssgily be used where vibration damping is
needed, such as in foundation pad for rotating macy and in railway stations; for trench
filling and pipe bedding, pile heads, and pavirgpsl In addition, it can also be used where
resistance to impact or blast is required sucim aaiiway buffers, jersey barriers (a protective
concrete barrier used as a highway divider and ansef preventing access to a prohibited
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area) and bunkers. However, the study was condwetedass concrete with as high as 45%
rubber in the mixture compromising strength andadility significantly. In addition, as
reinforcements are added in most of these abovkcappns, it was felt that studying the
vibration properties of rubberised reinforced ceter structures would simulate field
application better.

2. VIBRATION TESTING

There is increasing acceptance that compared ter otbmplementary localised static
methods; vibration technique can be an efficiemt-destructive technique to measure global
response of a structural system from relativelyxjremsive easily deployable sensors. In
essence, the global assessment includes dynamracthiastics of the structures such as
natural frequencies, mode shapes, and modal dampimgse responses are a function of
spatial physical properties of the structure (maksnping, and stiffness) and therefore,
changes in physical properties determined by gewynédistribution of mass, changes in
stiffness, and boundary conditions will induce dsin its modal propertiesdrrar et al.,
2001).

In this study, results from a laboratory study abrational and flexural properties of
reinforced concrete mixtures containing 5%, 7.5%d d40% rubber are presented. The
proportion of the rubber content in the mixturesswaept at a level so that strength and
durability of the mixtures are not compromised adedy. The objectives of the research were
to investigate: 1) the difference in the dynamiogarties between reinforced concrete beam
using control and rubberised mixtures. 2) The dyimapnoperties of rubberised reinforced
concrete beam in free vibration mode 3) the effectrubber contents on the flexural
behaviour of the mixtures.

3. MIXTURE DESIGN AND EXPERIMENTATION

Depending on the purpose, concrete with strengtd@M/mnf are typically used in the
infrastructure application and, therefore, to maetarget compressive strength of 20-25
N/mm?’ of rubberised concrete mixture, a control mixtwiéh a compressive strength of 30
N/mm’ was selected. The results were then compared agitiirol mixtures of 25 N/mfn
The coarse aggregate used in this study was crustoed with maximum nominal size
20mm. Prior to mixing rubber particles, a sievelgsia was conducted to separate material
retains in 5mm sieve. Once separated, 5%, 7.5%18#4l of the material was replaced by
mass with 1-4mm sized crumb rubber particles wig9% of the rubber particles were
between 2.36mm to 4mm. After mixing, each mixturenwthrough a slum test to evaluate
their consistently.

One beam (1200mm X 135mm X 90mm) and six cubes @d®0X 100 mm X 100 mm) were
produced for each mixture type. The reinforcematiby which was kept an acceptable level
of 1.3%, was placed in the tension zone with 25nharccover. The mixture specifications
and properties are listed in Tab. 1. The resultsveld overall slumps between 39 mm to 80
mm for all mixtures, indicating moist type mixtutdowever, it is interesting to note that the
mixture becomes dryer as with increasing rubbetesdn This is because the jagged surface
of the crumb rubber increases the friction betwdenparticlesand hence reduces the flow.
Finally, as expected, the density and strength wiixdure decreases with increasing amount
of low density rubber particles.

After 28 days, each beam was tested in a simplg@tipesting arrangement to investigate the
dynamic properties in free vibration mode (Fig. As shown in Figure 1, the beam was
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divided, based on the theoretical analysis, inte Sections to measure the modal response in
multi reference points to capture all possible nsode

Tab. 1 Mixture specification and properties

Mixture | Mass/ Density | Slump | Compressive
type beam (kg/m®) | (mm) | strength
with % | (kg) (N/mn?)
rubber 7 28
days | days
0% 35.0 2401 80 17 26
5% 34.5 2366 60 15 25
7.5% 33.8 2318 42 14 21
10% 33.0 2263 39 11 18

Fig. 1 Testing reference
4. MIXTURE DESIGN AND EXPERIMENTATION

Natural frequencies

A natural frequency is the frequency at which ttracture would oscillate if it were disturbed
from its rest position and then allowed to vibraeely. The natural frequencies for first six
modes are shown in Tab. 2. These values show draddaction of frequencies with
increasing rubber contents, which indicates a umfglobal decrease in strength over the
span of the tested beam. The results also demtmdtia regular distribution of these
frequencies and indicate consistent decrementength over the span.

Tab. 2 Natural frequencies

Mod Frequency (Hz)
ode control 5% rubber 7.5% rubber 10% rubber
f, 372 361 351 331
f, 954 912 882 842
fs 1705 1663 1573 1503
f, 2521 2515 2395 2315
fs 3326 3437 3267 3176
fs 4061 3918 3737 3647

Frequency Response Function (FRF)

The FRF are normally used to describe the inpunatutelationship of any system for
localising and quantifying the amount of changenaterial properties or lose of strength at
the successive loading. The FRF can be expresdedms of system properties such as mass,
stiffness, and damping and as in most realisticcsires, mass, stiffness, and damping are
constant, it can be considered that FRF to be aohsTherefore, any change in material
properties will be reflected in FRF3he FRF for all four mixtures are shown in FigltZan

be seen that compared to control mixture, approttana 1% reduction in FRF in mixtures
with 10% rubber content indicating higher changesaterial properties.

Flexural response

After free vibration trials, each beam was testea ifour-point bending setup to investigate
their flexural behaviour. The load deflection belay is shown in Fig. 3. As expected, the
reduction in load bearing capacity was noted wiitreasing rubber content, although beam
with 10% rubber contents show greater flexibilitynpre deflection) with high number of
cracks before failure. This increase in flexibilitpuld be due to greater energy absorption
capacity of rubber particles.
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Dynamic Modulus

Natural frequencies of a beam supported on flexgdes are extremely sensitive to the
displacement, rotation and damping of the boundaryditions. Hense, the relationship
between the natural frequencies of conventionali®ler-Bernoulli simply supported beam
model was found not suitable in this case studgrétore, dynamic modulus of elasticityy(E
was determined numerically.

= 100 T T T

—+— Control —=— 5% Rubber
7.5% Rubber —=—10% Rubber

Accelerance Driving Point (dB|

0 00 200 300 400 Sl;ﬂ 600 700 SA;O Bl;ﬂ 1000 0 2 4 6 8 10 12 14 16 18 20 22 24
Frequency (Hz) Deflection (mm)

Fig. 2 FRFs for rubber contents Fig. 3 Load deflection behaviour

The proposed model ( as shown in Figure 4) alonip wie induced spring stiffness are
employed to create a backward eigen-problem arsalysi this case, the measured
fundamental modal frequency of each rubber conbeaim was fed and the corresponding
dynamic stiffness was determined. The adopted mbdsla vertical displacement spring
constant (K) which allows a certain amount of \eatideformation over support point. Points
of support are assumed to be vertically supprebgeelastic springs. For this situation, the
frequency equation includes a new stiffness rafjpdan be defined as,

0= & where, I=sccond moment of area, L= span

E,l

The extracted dynamic modulus of elasticity arewshan Table 3. It can be seen that the
dynamic modulus of elasticity decreases with insirgrubber contents with reduction being
as high as 26% in mixture with 10% rubber cont&aditionally, as damping is inversely

proportional to the stiffness, lower dynamic modulo the rubber modified mixtures is an
indication of higher damping in the system.

Tab. : Dynamic modulus of elasticityor
P S S S S R beams with different rubber conte

7Lstnnu:10000N/m | | | ‘ ‘ szj"g:mooom%lﬁ Mixture with |Frequency |Dynamic | % reduction Eq4
‘ l=1im ‘ rubber (Hz) modulus | compared to
‘ _ ‘ content Ey(GPa) | control mixture
Di o135m 0% 372 27 0.0%
w0 5% 361 25 5.7%
ey 7.5% 351 24 9.4%
10% 331 21 26.2%
Fig 4. Simply supported beam with elastic
springs

5. CONCLUSIONS

This laboratory study gave some preliminary resoftehe dynamic properties of rubberised
reinforced concrete beam. The results showed actieduin natural frequencies and higher
vibration absorption with increasing rubber consenwithout compromising strength

significantly. If the durability issues were tadkleppropriately, the rubberised concrete
would have a high potential to be used where \vitmatlamping is desirable. Further
investigations are underway to determine damping) thue changes in dynamic properties
under successive loading.
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SUMMARY

In this present studyhe feasibility of recycling Petrochemical IncinemaBottom Ash (PI-
BA) was investigated in cementitious systems usemgent (Type 1142.5N) and silica fume in
various additions. The percentages of PI-BA thataee fine aggregate are 0%, 15%, 30%,
45% and 60% by volume in cement-mortars. Then, Gesgive strength, Capillary water
absorption were carried out to evaluate solidifwdstes. Generally, the physical and
permeability characteristics of specimens were owed with silica fume additives.
Furthermore, results show that 45% PI-BA with 10#c&fume has the potential of reuse
PI-BA, as fine aggregate in cement-based constmuciind it could be economically and
environmentally considerable.

1. Introduction

Incineration is one of the options used practiceetrochemical waste manageméhibduli,
Abbasi et al. 2006 An incinerator facility was established in 20@9 incinerate waste at
M.B. Complex in South of Iran for decreasing amasuoit waste volume as well as meeting
environmental regulations. The waste volume reduactn the incinerator can reach up to
90% but it has the disadvantages of concentratamgigtent pollutants in combustion residues
(Ferraris, Salvo et al. 2009 Although bottom ash is less toxic than fly &Blark, Park et al.
2007 the amount of bottom ash is significant more ttiat of fly ash and the composition is
more heterogeneou@Muller and Rubner 2006 Usually, in developing countries, the
industrial waste incineration bottom ash is senatalfills (Razak, Naganathan et al. 2009
However, utilization of bottom ash is generallyfpreed over landfilling in accordance with
Europe union waste policgChen, Chu et al. 2008and landfilling is not a sustainable
solution ferraris, Salvo et al. 2009 In several countries, the use of bottom ash (BA)
allowed for civil engineering application and mastydies were performed in order to find
possibilities for incorporating BA as partial repdanent of fine aggregate in construction
activities Filipponi, Polettini et al. 2003; Chen, Chu et 2008; Ferraris, Salvo et al. 2009;
Gines, Chimenos et al. 2009t is due to demand for natural raw materialsvadl as saving
landfill spaces. This paper presents an invesbgatin the behavior of the mortar produced
with PI-BA used as a substitution for natural fsand, evaluated by compressive strength and
water transport property.
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2. MATERIALS AND METHODS
2.1. Petrochemical Incineration Bottom ash

200 kg of waste material was collected from theineator bottom ash plant in this
investigation. Three composite samples were takeihnaixed homogenously. The grading of
PI-BA was obtained according to ASTM C136 standditte SSD Specific Gravity (Gs) and
Absorption of samples were obtained in accordante ASTM C128 standard test procedure
(Tab. 2). The main Oxides of PI-BA samples werelyaea with XRF (Philips X'UNIQUE
[I) and reported in Tab. 2.

Tab. 1 grading, Fineness Modulus, Water Absorpaioth Specific Gravity of samples

Percent Passing (%)
Sample No.1 Sample No.2 Sample No.3 Mean Standardwuiiation

Standard Mesh  Sieve size

4 4.76 98.84 99.60 99.68 99.37 0.464
8 2.38 88.15 94.21 93.51 91.96 3.315
16 1.19 67.80 70.09 71.43 69.77 1.836
30 0.595 47.97 50.12 44.16 47.42 3.018
40 0.42 32.77 35.75 30.84 33.12 2.474
50 0.297 20.98 23.19 23.38 22.52 1.334
100 0.149 11.01 15.12 13.31 13.15 2.060
200 0.074 7.77 9.08 8.77 8.54 0.685
FM 2.653 2.477 2.545 2.56 0.089

Gs 3.12 3.29 3.21 3.21 0.085

Water absorption (%) 12.40 13.12 12.95 12.82 0.38

Tab. 2 chemical composition of Petrochemical In@tien Bottom Ash samples
Component L.Ol(%) FeO; AlI,0; CaO MgO P,Os SO, TiO, ZnO

Sample No.1 7.50 56.40 0.87 15.70 450 0.76 8.10 04 1. 2.04
Sample No.2 9.07 53.40 1.03 15.40 3.70 1.04 7.40 92 0. 4.80
Sample No.3 8.24 49.80 4.45 17.60 3.90 1.03 7.20 24 2. 3.80
Mean 8.27 53.20 2.12 16.23 4.03 0.94 7.57 1.40 3.55
Standard Deviation 0.785 3.305 2.022 1.193 0.416159. 0.473 0.730 1.397
Component SiO, Cl K,0 Na,O Cr,03 MnO NiO MoO; CuO
Sample No.1 < 0.02 < < 1.34 0.26 0.04 0.02 1.19
Sample No.2 0.3 0.01 0.10 0.12 1.72 0.50 0.02 0.03.49
Sample No.3 < 0.02 0.20 0.05 2.26 0.36 0.04 0.02 95 1.
Mean - 0.02 0.15 0.09 1.77 0.37 0.03 0.02 1.54
Standard Deviation < 0.006 0.071 0.049 0.459 0.121012 0.005 0.381

The average of fineness modulus of the PI-BA is62ifdicating a rather fine grading.
Moreover, the SSD specific gravity of PI-BA was B.#hich is significantly higher than that
of fine aggregates (2.50-2.65), probably due tchigk iron content.

2.2. Cement, water and water reducer
Type Il Portland cement and Tap water were useth®production of the cement mortar. In

addition, GELENIUM 110 a carboxylic base superptaz¢r was applied to maintain a
constant slump flow using slump table test.
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3. EXPERIMENTAL PROGRAM

In order to study the effect of the use of PI-BAfiag aggregates, cement mortar specimens
were prepared according to ASTM C305 and testataeriaboratory. The percentages of PI-
BA that replace fine aggregate are 0%, 15%, 30%p 4md 60% by volume in cement-
mortars and silica fume substitution 5 and 10 perad cement. To evaluate solidified
wastes, the compressive strength of cement moubesc were determined according to
ASTM C109 after curing for 1, 3, 7, 28, and 90 daysuring room. Three specimens were
prepared for each ages point and an average vaseeaportedFurthermore, the sorptivity
was measured on mortar cubes specimens at agd @rgl 28 days, which were dried in a 50
C° oven for 10 days (Ramezanianpour, Ghiasvandl.e20®9). After mass stabilization,
specimen was rested on rods to allow free accesstdr to the surface. The masses of the
specimens were measured after 0, 3, 6, 24 and @Rdbysorption. The sorptivity coefficient
(S) according to BS EN-480-5:1997 was obtainedguthe following expression:

% =C + SJt

WhereQ is the amount of water adsorbedl;is the cross section of specimen that was in
contact with watert is the time (secondy; is the constant coefficient; ailis the sorptivity
coefficient of the specimen (nA.

3. RESULT AND DISCUSSION

3.1 Compressive Strength

The compressive strengths of the mortar cubes itomgavarious percentage of Bottom ash
and silica fume at different time periods up tod2¥s are shown in Fig. 1 and Fig.2. (*A” and
“SF” stand for PI-BA and Silica Fume, respectively)
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Fig. 1 Compressive strength at various ages fderdiht mixtures with percentage of PI-BA
and silica fume.
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Fig. 2 Compressive strength at various ages fderdiht mixtures with percentage of PI-BA
and silica fume.
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Generally, the mortar cubes PI-BA containing showdr compressive strength at all ages,
which is attributed to the low instinct strengthhadttom ash particles compare with natural
sand and presence of heavy metallic contents isetineaterials, which interfere in cement
hydration productsMalviya and Chaudhary 2006Nevertheless, Silica fume accounts for
the increase in compressive strength due to rewctoth lime byproduct made by hydrating
cement to produce more CSH and less calcium hydeoxh the cement matri¥Gines,
Chimenos et al. 2009

Fig. 4 shows the influence of the PI-BA ratio oe sorptivity of cement-mortars containing
different amounts of silica-fume at the age of 33nd 28 days. In all specimens, sorptivity
decreases with the period of curing and increasils RI-BA replacement. A possible
explanation could be that the bottom ash was fthan natural sand which absorbs more
water. Furthermore, increasing the amount of PIl-BAuses an increase porosity and
reduction the compressive strength.
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Fig. 4 The effect of PI-BA and Silica fume on tleivity coefficient at various ages

4. CONCLUSION

The results show that the PI-BA is suitable to lseduin cement production due to their
particles distribution which is similar to that fie natural sand. As examples it can be used
as a sand replacement in non-structural precastretmnpavers, masonry block production
and parking lot. The results show that by incregsive PI-BA percents in mortar specimens,
the compressive strength decreased and sorptivineased. The mechanical properties of
mortars were improved with silica fume addition.nSequently, results show that the use of
45% PI-BA with 10% Silica-fume replacement has pwential of reuse PI-BA as fine
aggregate in the construction building and it coblel considered as economical and
environmental solutions for petrochemical plantspdsal problem. This might be beneficial
due to significant reduction the amount of residigedandfilling and partial substitution of
raw materials in industrial applications.
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SUMMARY

Aer-Tech material is defined as a cementitiouseensdt with more than 10% of foam
entrained in a plastic mortar. The Aer-Tech matasaa special lightweight material, that
outweigh the performance of conventional concrptgticularly in the areas of overlaying
weight of concrete on earth mass and productioh cos

This paper is aimed at showing potential applicatbneural network to predict compressive
strength and density. The NN model is constructecubning about 300 experimental data of
Aer-Tech material through an NN Mat lab programiilee NN model is then trained with
input data of cement , sand , foam ,water , catalyd water and its corresponding target data
of compressive strength and density. The resulivshmat the Aer-Tech NN-model can
simulate inputs data and predicts their correspandut put data.

Ultimately, the Aer-Tech NN model have proved weltas a formidable tool in predicting
compressive strength and density.

1. INTRODUCTION
1.1 Neural Network Model For Aer-Tech Material

In order to find the best combinations of materialsd their relative proportions, an
experimental laboratory programme was carried Mutes with different proportions of Aer-
Tech material was carried out. Their respective p@ssive strength and density for 56 days
test was taken for design of an effective modeigigihe neural network.

The neural network tool tested to optimize the migtingredients to achieve the highest
compressive strength. In order to obtain the fpraportion for each binary or ternary binder,
a simple but effective experimental design was matie compressive strength and density
of several mixes with different proportions wasalenated to ascertain the influence of
various proportions on the strength.

1.2 Describing The Neural Network Model
An Artificial Neural Network (ANN) is one of the #ficial intelligence techniques used as

information processing systems, capable of learcmmplex cause and effect relationships
between input and output data (Demuth, Beale aaglaH, 2008). It was further defined by
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(Fanchou S and Pellinen TK, 2005) that neural ngkwe a functional abstraction of the
biological neural structures of the central nerveystem.

Apparently the NN as its often known can exhibiswprising number of human brains
characteristics, for example, learning from experée and generalizing from previous
examples to new problems. The neural network cawmige meaningful answers even when
the data to be processed include errors or aremplade, and can process information
extremely rapidly when applied to solve real wgtdblems.

What happens in Neural network software is thatiagral computing architect had built into
the physical hardware (or machine) a neural sotwlanguages that can think and act
intelligently like human beings. Which conformstte analogy by (Yeh .IC,1998) that the
processing element of neural network are similah®neuron in the brain, which consist of
many simple computational elements arranged irréaye

Comparatively, the neural network approach had lyitbeen used to predict properties of
conventional concrete and high performance condrgteesearchers like (Kasperkiewics .J,
1995) ,(Lai.S,1997) and (Lee .SC,2003). Whilst, kgoby (Bai .J, 2003) has developed NN
model that can effectively predicts the workabilifiyconcrete incorporating metakaolin (MK)
and fly ash (FA).

Intrinsically, neural network approach to modaedliprocess involves five main aspects: (a)
data acquisition, analysis and problem represemtat{b) architecture determination; (c)
learning process determination; (d) training of thetworks; and (e) testing of the trained
network for generalization evaluation (Ahmet .O,istuP. And M. A. Bhatti, 2004).

1.3 The Basic Strategy Of Neural Network

The basic strategy for developing a neural netwoddel for material behavior is to train a
neural network on the results of a series of expents using that material. If the

experimental results contain the relevant infororatabout the material behavior, then the
trained neural network will contain sufficient imfoation about material behavior to qualify
as a material model, these strategy conforms t&svafr (Lee S.C,2003).

Consequently, training a network with fewer samoiéen lead to early convergence.

1.4 Procedure For Aer-Tech Neural Network

With a clear objective of producing an effective MNnodel of Aer-Tech material. The
researcher had focus on training the network ptgper

Appreciably, In the training of an ANN model, a @tion is mapped from known inputs to
known outputs. This process is classified as a rsigeel learning. The training process
involves passing a reasonable input of experimed&h( mix constituent of Aer-Tech
material) and their respective resultant compvessirength and density for training.

In addition, to minimise errors weights betweennkarons are adjusted.

Specifically, the researcher had used the Matlabr&leNetwork Toolbox to construct and
train the networks.
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Interestingly, the Matlab toolbox has preprogramrrathing functions. The Matlab tool box
is different from other computational software hesmits operation is not programmed but is
taught.

Primarily, the network is trained on the relatioipsbetween mix proportions of Aer-Tech
material, its compressive strength and density.

Besides, the Aer-Tech material neural network maadel be describe as mapping function
represented in simple mathematical models defiaifignction F: X-Y. Each type of ANN
model corresponds to a class of such functions.

The Aer-Tech neural network F consist of the nadeshich data are transmitted from one
neuron to another and second also consists of @f setes upon which the transformation of
data within each neuron is based. The behavionciMN depends on both the weights and
the input—output function (transfer function) thespecified for the units. In all the layers in
the present study there are i inputs, j outputd, kaneurons. Inside each neuron, a weighted
sum of the inputs is calculated and this valueledaNET, is transformed by a hyperbolic
tangent function. The transformed result is semtdorons in the next layer. The input values
are forwarded after multiplying by the weights asated with each neuron that diagram of
neuron in ANN is shown in Fig.1.

X, bi
3| FH-
Xy ~

i

Fig. 1A diagram of neuron in ANN.

Each training pattern contains an input vector efésnents viz. cement content, sand, water,
foam, catalyst ratios and two output data compvessirength and density. Furthermore,
ANN are highly non-linear, and can capture complgeractions among input and output
variables. This characteristics is Liken to whapgens in human brains. In the case of ANN
the neuron is connected to other neurons throuws lihat produce a stimulus to the entry
and exit as a response, in addition, they havealil@gy to communicate among themselves.
Whilst, the ANN has a finite number of neurons rilistted in the input layer for input data
and a corresponding output layer for the targetpotitdata, also it has the intermediary layers
called hidden layers, which establishes a netwbérelationships between layers of input and
output values
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Fig. 2 Training back-propagation algorithm of theural network method

From Fig. 2 one can deduce what happens in theahewatwork, it is obvious that entrance to
a neuron is a numeric value defined as a scalathjgh in turn is multiplied by a weight w
and finally generate a product wp, which is scakwell. In order to generate a scalar output
in a neuron, it is necessary to evaluate a fundtioown as transfer function f, which may
sometimes be influenced by a bias defined by aasdal The transfer function f, usually
corresponds to a step, linear or sinusoidal functihich uses n as an argument and
generates a scalar output.

1.5 Experimental Design

The Aer-Tech neural network model is developed k@amning matlab programme with

experimental results of material composition, coespive strength and density. Which is
obtained from about 81 different mix ratio of ABech material. More so after the network
had been trained by the said experimental reshk, model is simulated to predict
compressive strength of Aer-Tech material and defsi 56 days.

Whilst, the predicted results are compared witheexpental result to verify the effectiveness
of the neural network model. The error incurredintyithe learning can be expressed as root-
mean-squared (RMS) one and is calculated.

RMS =N(1p)*Y; | t-0; | ?
Also, for a more holistic look on error, the abgeldraction of variance #, the mean
absolute percentage error (MAPE) and sum of thareguerror (SSE) are calculated

Using the equation below
R*=1-((t-0)%%; (9)°

MAPE=( o-t ©)*100
SSE 3 (o-t)°
Where tis the target value, o is the output valueé p is the pattern.

1.6 Material and mixture composition

The constituent material used to produce Aer-tectenmal were comprised of: Pro-chem
cement conforming to BS8110, pulverized river séindr than 300u (specific gravity 2.5),
Aer-Tech catalyst and foam produced by aeratingaafng agent (Aer-Tech Sol) (dilution
ratio 1:5 by weight) using an indigenously Aer-tectachine calibrated to a density of
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1810kg/ni. Fig. 3 give the linear value of constituent matez@mposition that was transform
to a nonlinear value into the matlab.

The values of parameters used in this model islasAfs;
e Number of input layer =5
¢ Number of hidden layer = 2
* Number of first hidden layer unites=4
* Number of second hidden layer unites= 1
* Number of output layer unites=2

cement

sand
foam
water

catalyst

Fig. 3 Proposed Aer-Tech Neural Network Model
The Aer-Tech neural network model was constructedl taained using the neural network
tool box of Matlab®. To train the network the nuimgal physical model was run several
times in order to obtain enough input vectors dreddorresponding target vectors.

Consequently, for effective and accurate trainadfthe inputs and outputs were normalized
between -1 and +1 in order to avoid the influentcthe scale of the physical quantities. In the
same way, to feed the neural network it is necgssarnormalize the data. A linear
relationship was used to find the equivalence betwthe real coordinate system and the
natural system (-1 to +1).

Below is Fig. 4 which shows the relationship betweeal and normalized scales Vi
corresponds to the physical parameter i, and _espand to the same parameter but in the
natural scale. The corresponding constants to rniaenthe input experimental data are:

Vmin \ Max
?" Real scale
&) CS é)—> Normalize (neural ) scale
-1 0 +1

Fig. 4 Relationship between real and normalizetesca

U= 2(V _Vavg)/(vmax = Vinin)
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1.7 Analysis Of Results

The Aer-Tech neural network developed in this redeas used to predict compressive

strength and density values of 300 Aer-Tech mdteria design values. During this process a
total of 300 specimen values for 56days compressiinangth and density is pass through the
matlab with 280 of them classified as training inpod target values. where as the remaining
are graded as testing input and target values.oVkeall performance of the training values

and the corresponding testing set are seen infify. 3

At the end of the training process, the neural netvweonsisted of 2 hidden layers, one input
layer and one output layer.

More so, the trained network is used to simulateeswariable data’s of cement, sand, foam ,
catalyst, and water, in order to subsequently pteébde compressive strength and density.

The results of these simulation and the generdbpeance of the Aer-Tech neural network
has given rise to the following conclusion.

2. CONCLUSIONS

e The simulation analysis has demonstrated the Aehheural network can effectively be
used to predict target compressive strength andityemhe simulation process has also
pickup some major dependencies of Aer-tech majemdiich indicate that the
binder/water ratio was a key factor influencingesgth of Aer-Tech material.

e The trained Aer-Tech neural network model, whichswained with about 150
experimental data’s of Aer-Tech constituent matedad corresponding output of
compressive strength and density, can make betterealistic prediction of varying mix
compressive strength and density.

3. CONCLUSIONS

Consequently, the distinctive features of neuréivoek has made the approach different from
other analytical methods. Since the system usegraiaing approach to solve complex
problem easily.

The neural network based model is developed fodiptieg Aer-Tech material compressive
strength and density. The Aer-Tech NN- model ha@wshstrong potential as a feasible tool
for predicting compressive strength and densityis Thodel will clearly save an enormous
amount of time, spent in the laboratory trying imize the best mix ratio for Aer-Tech
material mix in order to achieve an acceptable aesgive strength of the material.

More so, the Aer-Tech NN- model has predicted neaBle results for compressive strength
and density, which again reduce the material wasté design cost required in achieving
experimental compressive strength and density of/Aeh material.

Appreciably, the Aer-Tech NN model had made findiitgthis novel material more result
oriented.
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IN THE LIFE-CYCLE ASSESSMENT OF RC STRUCTURES
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SUMMARY

Concrete in form of plain, reinforced, or pre-sse&s$ concrete, is the world’s leading
construction material, but it is considered noncelegic due to the great amount of £0O
emissions arising mainly from the manufacturinghs concrete components. On the other
hand, concrete has the property to chemically re#btairborne carbon dioxide, absorbing a
part of it during primary and secondary life.

Although it is an important aspect, carbonationn® included in LCA models of RC
structures. LCA models of built concrete focus mhaion the CQ emissions related to
manufacturing, construction, operation and denwolitphases. The aim of this paper is to
perform a LCA study on a built RC structure, inchglthe effect of carbon capture during
the primary life of 75 years. The results can l¢ada positive influence on the carbon
footprint of concrete.

1. INTRODUCTION

The life cycle of RC structures can be divided iptomary and secondary life. The primary

life starts with the extraction and manufacturirighee raw materials for concrete production

and ends with the demolition of the built structufbe secondary life commences when the
demolished concrete is recycled and re-used irerdifit applications as recycled concrete
aggregate, road base, etc. It ends when the banktaiction reaches the end of its service
life.

During the entire life cycle, the construction teth processes contributes to great amount of
CO, emissions, but there are also stages where caraorbe saved or captured through
carbonation. Figure 1 presents summarized the nditeocycle of a RC structure.

I Primary life l

Manufacturing

of cement and

materials Production of Concrete Operation and

> >

(limestone, cours Ccmmhwu" concrete Constructions Maintenance
aggregal Ie& etc. )

Materials

Extraction of ra:

> ¥ /" Emissions: \ ~ P | - :
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Fig. 1 Life cycle consideration of G@missions and uptake in RC structui€sllins, 2010)
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Although concrete has the chemical ability to absand bind atmospheric GOconcrete
carbonation has been previously researched ordgrisider the issues related to the corrosion
of the reinforcement embedded in the concrete elsnelhe contribution of concrete
carbonation to the life cycle G@missions has not been addressed in LCA. The tolgeaf
this paper is to include the effect of carbonatiothe primary life of a RC structure.

2. CALCULATION METHODS AND MATERIALS

The calculations have been performed on a typesidential building in Romania, built of
precast RC elements. The Precast Reinforced Centweige Panel structural system was
extensively used in Romania primarily for 5-storiéggt blocks. A rough approximation
indicates that more than 40000 buildings of thigetyvere constructed during the 1960-1990
period (Demeter, 2005)The study focused on the carbon cycle during titegry life of the
structure. The calculation includes the £fuivalent emissions arising from the production
of the precast concrete elements in a cradle ® @sgessment and the Odptake during the
service life due to the carbonation of the exposedcrete areas. Because few data of
embodied C@eqv. are avaible for Romania, the ,Inventory ofriiéan & Energy V2.0”
database has been used for the evaluation of tiesienms.

2.1.Calculation of the carbonation depth

Carbonation models are based on Fick’s first lawlifitision, whereby the carbonation depth

of concrete, X, is the product between a carbonatte coefficient and the squareroof of the
exposure time. For the present study the formutgpgsed by C.Bob has been used for the
calculation of the carbonation depfBob, 1990) It takes in consideration the physical and
chemical characteristics of the concrete and oetheronment.

XZlSO[?[k[dB/f [mm] (1)

C
where:
X — carbonation depth;
¢ — correction factor for binder type;
k — correction factor for environmental conditions;
d — correction factor for C£concentration;
fc — concrete compressive strength;
t — exposure time.

2.2. Calculation of the CQ uptake

For the calculation of the GQuptake the following formula has been ugedde, 2007)

a=r [C[Ca0Q coz [kg/m?] (2)
MCaO

where:

r — the amount of CaO within fully carbonated OB@&ttconverts to CaCdr = 0.75);

C — the quantity of OPC within the binder;

CaO - calcium oxide content within OPC;

M — the molar mass of the oxides
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3. RESULTS

The data regardind the configuration, geometrie @mtrete properties of the building are
taken from the original project, type 770 — 81, PlR1. The structure has been divided into
the following parts:

« Exterior walls, of concrete C16/20, cement type CEM — S, 32.5R, 350kg/rh

« Interior walls, of concrete C12/15, cement typeMCEA — S, 32.5R, 300kg/h

« Slabs, of concrete C16, cement type CEM Il A —B5R, 350kg/r

« Stairs, of concrete C16, cement type CEM Il A 385R, 350kg/m

The total amount of concrete and reinforcementliees calculated for each part, in order to
estimate the initial embodied GCeqv., using the ICE V2.0 databd$€E V2.0, 2010).

For the calculation of the carbonation depth, udmgnula (1), the following assumptions
have been considered:
* For all elements, the correction factor for bintigre: c=1.2;
e For the interior elements, the correction factoos fealtive humidity and C©O
concentration: k=1, d=1;
* For the exterior elements, considering a higheratingd humidity and C©
concentration, k=0.7 and d=1.2;
* Additional correction factor has been considerd ¢owver, paint, etc. For indoor
concrete 0.7 and for outdoor concrete (L&erblad, 2005)
* The exposure time has been considered 75 years.

The assumptions for the calculation of the;@Ptake are the following:
e Cement type CEM Il A-S, with 15% slag and 85% OPC;
* The CaO content of OPC is 65%;
» Conversion coefficient of CaO to Cagf3 75%;

All the results are summarized in Tab. 1.

Tab.1 Estimation of life cycle COn a RC Structures

Element Conc3rete Steel | Total embodied| Exposed | Carbonation Uptake
[m?] [ka] CO,—eqv. [kg] | Area[nf] | Depth [mm] [ka]

Ext. Walls| 57.8 2751 21914.0 413 59 -5545.7

Int. Walls |  147.6 | 4144.9 44424.4 1054.2 73 -14981.7

Slabs 151.3 | 7491.4 58146.5 1163.7 55 -14469.5

Stairs 16.9 1348.1 7920.7 94.6 70 -1512.0

Total 132405.5 -36508.9

During primary life the effect of carbonation oretlife cycel of CQ emissions is considered
smaller, because the exposed surface area, retatvadume of the built concrete structure, is
much smaller then in the secondary life, wherecthrecrete is crushed and used as RCA, with
a greater area exposed to £lOr carbonation. Even so, the uptake is significdecause
according to the performed life cycle estimatiobswt 28% of the initial embodied G@an
be reabsorbed by the exposed concrete elementstlosierservice life of 75 years. If we
would consider the embodied @Only in concrete, the uptake would represent ad@db.
The high value of C@absorption during primary life may have the follog explanations:

* low quality of the concrete, which permit a goodbwaation;

201



7" Central European Congress on Concrete Engine2€ihd) Balatonfiired
TOPIC 1: TAILORED PROPERTIES OF CONCRETE

* high exposed area of the concrete elements relagivelume, in comparison to other
type of elements (beams, coloumns, etc.).
On the other hand this phenomena can lead to tlieston of the reinforcement, which will
require some protection measures.

4. CONCLUSIONS

This paper has re-examined the life cycle carbatpiant of a typical residential building in
Romania, built of large precast RC panels, speatifidocusing on the contribution of carbon
capture trough carbonation during the primary life.

Performing a LCA study, considering the initial €€missions arising from the production of
the precast elements and the effect of carbon apdaking the primary life of 75 years, it
resulted the about 28% of the initial €€an be reabsorbed. Considering only the emissions
for the production of the concrete, the uptake \wdag about 42%. If carbonation is ignored,
emissions in LCA of concrete structures can leagetmus overestimations.

Considering also the secondary life, the,@Ptake can be much higher, because the surface
area of the crushed concrete, re-used as RCA, ¢h igneater exposed to G@nd carbonates.

Due to the high number of such building types imfaaia, it is recommended to improve
LCA models, including the effect of both primarydasecondary life.
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SUMMARY

The article is showing the results of experimenggkearches, in order to study the possibility
to apply in Romania new evaluation criteria of aates freeze-thaw and sulfate resistance
for concrete mixes with different cement types. Bggiions will be presented regarding the
performance approach in order to evaluate the ér#leaw resistance of certain concretes
prepared with cements with additions, type CEM 4MB(S-LL) 32.5R with different percent
of slag and limestone and for sulfate resistancectmcretes prepared with cements type
CEM 1l/A-S 32.5N-LH (GA<6%) and CEM II/A 42.5N-LH. The application of
experimental methods in accordance with the Eumops@ndards and certain specific
assessment criteria create the premises of elabgrat the national level a methodology for
establishing the performance levels of concretpgmed with cements with additions.

1. INTRODUCTION

This article put in the evidence important aspaetgarding the provision of concrete’s
durability based on modern approaches, mainly gesa, and performance.

Currently, based on European and Romanian natregalations, the assurance of durability
is accomplished through a descriptive approachcifypeg the requirements related to
composition and compressive strength of concrepemiding of the classification of structural
elements in certain exposure classes. This apprisauwtt enough sensitive especially for the
establishment of the necessary criteria of the oewent type’s utilization fields.

2. EXPERIMENTAL PROCEDURES AND CRITERIA

The verification of concrete’s composition for artee application or establishing the
utilization fields of cements must be performeddahsn a unitary methodology. In Fig. 1, it
is evidenced the authors’ proposal regarding theessary stages in order to apply the
performance criteria.

| PERFORMANCE APPROACH |

I
| ABSOLUTE CRITERIA | | RELATIVE CRITERIA

Freeze-thawing resistance Resistance to Absorption _ |
| sulphate attack pu Chloride

penetration
Compressive Scaling Dynamic modulus of Expansion -
ili Carbonation
strength elasticity Permeability

Fig. 1 The methodology application chart
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This methodology will be applied in order to evatughe freeze-thaw resistance of certain
concretes prepared with cements with additionse tgEM I1I/B-M (S-LL) 32.5R with
different percent of slag and limestone and fofatelresistance of concretes prepared with
cements type CEM II/A-S 32.5N-LH ¢B8<6%) and CEM III/A 42.5N-LH.

2.1 The testing methods used in freeze-thaw evaluats are standardized on European
level in the documents: CEN/TS 12390-9 and CEN/TR5177.

2.1.1 Evaluations criteria for concrete freeze-thawesistance
» Evaluations criteria for scaling:
- Cube test:

« XF1 Exposure class (cement dosage 300 kagimal W/C ratio = 0.6)
The quantity of scaled material does not have todpce a reduction more
than 5% of concrete sample mass for 56 cycles asgective more than 10%
for 100 cycles

« XF3 Exposure class (cement dosage 300 kagimal W/C ratio = 0.6)
The quantity of scaled material does not have tdpce a reduction more
than 3% of concrete sample mass for 56 cycles asdective more than 5%
for 100 cycles

- Slab test
« XF4 Exposure class (cement dosage 320 kgimd W/C ratio = 0.5)
The quantity of scaled material from the surfacéhefsample does not have to
be over 1Kg/mafter 56 freeze-thaw cycles (air entrained coneyet

* Dynamic elasticity modulus:
« XF3 Exposure class (cement dosage 320 kagimdl W/C ratio = 0.5)
After 28 freeze-thaw cycles, the concrete sampks dwt have to show a
reduction of dynamic modulus more than 25%.

After 56 freeze-thaw cycles, the concrete samptepgred with “expe