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Abstract - This is early stage investigation is related to
determination of fresh steel fibre reinforced concete (SFRC)
flow speed gradients, are presumed to be the key zameters for
computer modelling of steel fibres orientation in érm casting
process. The aim of the research is to elaborate éhcomputer
model for steel fibre orientation evaluation in thecasting process,
which would be a good option for prediction the coorete
mechanical properties, optimization of casting proess and costs
due to proper use of ingredients. Fibre orientationin fibre
reinforced concrete is important for obtaining bestmechanical
properties in the place where it's necessary. Taskao be solved
as: to obtain optimal fibre concentration and orienation or to use
right casting way of concrete with the goal to redt required
mechanical properties in necessary location of theomposite
construction element.

As the example were observed the case of trenfiing by the
fibore concrete. During performed numerical simulations were
obtained distributions of vertical and horizontal velocities in real
time scale. To confirm the possibility of determinig the
orientation of fibres by speed gradients in viscoudluid was
simulated behaviour of a single fibre in an inclind container
with a viscous transparent liquid (potato-starch stution). For
precise modelling of potato-starch liquid, coeffi@nt of dynamic
viscosity has been determined. The experiments madm the
fibres in an inclined container showed satisfactoryagreement
with the simulation results. Accordingly to calculdions the
velocity gradients can be used for determine the pition and
orientation of fibres in fibre-reinforced concrete members
production.

Keywords - steel fibre orientation, viscosity, fibre concrete
casting, SFRC, coefficient of viscosity, numericahodelling.

|. INTRODUCTION

Nowadays in civil engineering industry as a @ete
reinforcement is widely used 0.6 to 6 cm long stmebther
material fibres with various types of forms andss®ction’s
diameters. Such materials main advantage is thate fi
reinforced concrete is pumpable, filling the mouwiithout
necessity of traditional (steel bars or ropes) foeaement
placement into construction body. Fibers may beathiet
(steel) and non-metallic (glass, polymer, carb&@igel fibres
are widely used. Steel fibre reinforced concreteRS) has
very good stiffness, flexural and tensile strengitmpact
resistance as well we can obtain a quasi ducti@lieur for
cracked material. Of course sometimes both types
reinforcements (dispersed steel fibers and trawitiosteel
rebars) can be used together to achieve superemgsh and
durability properties.

With the goal to achieve greater mechanical prigednd
to make material more cost effective (due to optiose of
material ingredients) would be very attractive tedict or to
have possibility to control fibre orientation angtdbution in
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material during the casting process and after écabise in
most cases potential risk zones are known and bifefi
orientation during the casting process of SFRC aoog
controllable, then would be possible to achieve dede
properties in most risky places, like it is dongpimducing the
other composites.

Main goal of this investigation was to understamd &o
evaluate important parameters change in SFRC gastin
processes, to work out recommendations for orie SERC
properties prediction and to elaborate mentionegnpmena
structural model.

Il. DESCRIPTION OF CASTING MODEL AND PROCESS

In project Sustainable Construction of Underground
Transport Infrastructures $COUT)research of possibility of
SFRC use for tunnel walls has been successfully dout in
various tests, which were performed during previpus
mentioned project, one problem that appeared is tha
mechanical properties of the end product are venpchm
dependent on casting ways, that is, how fibresaaranged
after casting in product body. It was hard to abtai
homogenous material with more or less orientecefibmwhat
decreases material mechanical properties.

In mentioned project a machine which is diggintgeanch
and almost at the same time casting SFRC in tlsatcjeated
mould was observed and developed. Machine hasnf@jor
parts — main unit that drives other parts, diggiagt, which
can dig various kinds of soils, even rocks, thesmgport
mechanism that transports ground material up téaserand
casting module with the tube which fills mould wi8FRC
from the bottom. All these parts are moving furthvehile
casting. For schematic view of casting procesd-ggel.

of

Fig. 1. Casting machine with ground digging and SFé&asting elements
(SCOUT courtesy)
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Fig. 2. Distribution of vertical speeds of fresmcrete after 60 seconds after

casting start Fig. 3. Distribution of horizontal speeds of fresbncrete after 60 seconds

after casting start
For casting of fresh concrete 2D fields of verti(lig. 2)
and horizontal (Fig. 3.) velocities distributiorfeea 60 sec. are  Then from formula which describes the ball speed in
shown. In this case trench size is 5 m deep and Bn@. viscous fluid [2]

Pipe’s crossection internal size is 20 cm, pumpggree 2 atm, _ oR2
horizontal velocity of the excavation machine i§ @m/sec. V= QM_, 2)
Concrete density is 2400 kgincoefficient of viscosity 500 n 9
Pa-sec [1]. For better understanding how flow \gks
gradients in SFRC are oriented fibers, orientatidrsingle where:p, — density of the glass ball;
fibre in the flow with fixed velocity gradient were ps — density of the fluid;
investigated. R — radius of the glass ball;
n — dynamic coefficient of viscosity;
IIl. CREATION OF MODEL FOR FIBRE MOTION AND ORIENTATION g - free fall acceleration,
IN MOVING LIQUID is possible to obtain liquid dynamic coefficient wkcosity

n=486.14(g/cm-s)= 48.61 (Pa-s).

Now data which can be used in numerical modelligg i
obtained and realistic computer model can be adapte

In literature can be found different rheologicaldats were
relation between the shear stressnd the shear strain rate
in cement-based materials is described. We useglesiof
them namely Newton’s for our numerical investigatidn
Newton’s viscous fluid model [3] shear strasis calculated
as shown in formula (3).

Because the concrete is not transparent we needgtbte
other, similar fluid with relatively high viscosityand if
possible with good transparency, for visual undemding of
fibre movement in it.

For natural experiments viscous fluid which wasdueed
from potato-starch was chosen. This liquid hasouscnature
and is easily prepareable. So we needed to maleriments
for determination of its viscous properties - dymam
coefficient of viscosity. This property can be cdited after - 3)
average experimental data are collected. Viscasifjuid was W
determined thru experiments with glass ball (d=iy§ which  Newton model is appropriable for very flowable SRFC
was dropped into fluid and sinking time was meadu® (sych as was observed for self compacting conc(S€€)).
number of experiments were done and average sffeeall® |ncreasing fibre content (or using non-SC concjetesterial

sinking was calculated. is obtainingto — motion starting yield stress, below which
As a result from 20 measurement attempts we gat, thyresh SRFC is staying in stable state.

average sinking speechig=0.391 cm/s.

99



Scientific Journal of Riga Technical University
Transport and Engineering. Mechanics.

2010
Volume 33

z-velocity and vectors (max=1.24E+00)

220

-0.05

-0.45

0.0 +
-4.0

0.0 4.0
X

Fig. 4. Distribution of vertical speeds in viscduigd after ball is dropped in
and sinks under its own weight

Modelling of glass ball sinking process was perfednby
FLOW3D (see Fig.4.). Acquired data was comparalole
natural experiment results. Average speeds wersaime.

IV. FIBRE ROTATION DUE OF MOVEMENT OF LIQUID-
EXPERIMENTAL PART

Now when viscous properties are known and approived
computer calculation we can start experiment tred planned
for understanding of fibre orientation in movingiifl. The
same potato-starch with known dynamic coefficiert
viscosity was poured into transparent container. #s
experimental fibre was used steel fibre of 50 mngte and
1m in diameter. Container was field with potatoaafiuid
such a way that the fibre when putted verticallyswally
under the fluid surface, see Fig.6.

a=10°15°20°

Fig. 6. Experimental model of fibres turn in fluid
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In initial position fibre is in vertical positionna the
container is placed fully horizontally. Then conti is turned
sideways from horizontal position for required anghd test
started. Movement of fibre in our fluid was observand
measured. Influenced by the movement of fluid fistarts to
decline to flows direction. Fibre is turning beocausf
movement of fluid and gravitational forces. Aftezctination
process stops time and fibres top declination apjleere
measured. Three experimental angles 10, 15, 20 were
chosen, for each angle several attempts were done.

Acquired results were measured and average data was
calculated and collected in table (see Tab.1).

TABLE 1
RESULTS OF NATURAL EXPERIMENTS OF FIBRE TURNING ATTEMRST

a 10 15 20

B 430 49° 62°

B 340 440 56°

B 410 47° 510

B 38° 430 50°

B 340 470 58°

Baverage 38° 46° 550

Results show that greater declination of contaigees
bigger declination of fibre. That can be explairiedt, fluid
moves more to the declination side when greatdir@gion is
fjone as well as with bigger angle gravity forces working
on fibre to decline it more.

V. DETERMINATION OF HORIZONTAL SPEEDS OF VISCOUS FLUID

Previously mentioned experiment was numerically
simulated using computer program FLOW-3D. Calcatati
results are shown in figures (Fig.7.-9.).

For ease of modelling was assumed that contairsgss st

Ohorizontal, but vertical and horizontal axes of poments of

gravitational acceleration are changing angle [4].

For angle 10 degrees components of gravitational
acceleration are gx=170,35 cm/s2, gz=-966,10 cnis215
degrees gx=253,90 cm/s2, gz=-947,57 cm/s2, for &ffeks
gx=335,52 cm/s2, gz=-921,84 cm/s2. Container patensie
length [=20,8&m, height h=&m, and the height of viscous

x-velocity and vectors (max=1.18E+00)
0.20 0.39 0.59 0.78 0.98

B ] | | | \
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Fig. 7. Distribution of horizontal velocity after 8econds of container
inclination to 10° and flow start
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Fig. 8. Distribution of horizontal velocity after 8econds of container 0.0 . . : . e s

inclination to 15° and flow start

x-velocity and vectors (max=2.73E+00)
0.00 0.45 0.91 1.36 1.82 2.27 273
|| J L \ [
9.0 T
z
45 1
00 L

4.16 8.32 12.48 16.64 20.80

0.0

Fig. 9. Distribution of horizontal velocity after 8econds of container
inclination to 20° and flow start

fluid in container 5cm. The dynamic viscosity coefficient was

determined earlier and it was486.14 g/cm-s, as a density of

liquid potato-starch was used the same as dernfsiaterp=1
g/cm3.

VI. DEPENDENCE OF FIBRE ROTATION ON VELOCITY GRADIENTS

When we know viscous parameters of our fluid and c
approve them with numerical calculations then isypassible
to go to next step of calculations — fibre oriciotatdue of
flow of liquid. These calculations afterwards can Used for
fibre flow orientation prediction.

We presumed that gradient of horizontal speed €¢Bjéen
fibre endpoint speeds is the parameter which wélsatdibe
fibre orientation in flow.

(®)

where v1 is the horizontal speed of fibres top aril
horizontal speed of fibres lower endpoint and leisgth of
fibre. Speed v2 is presumed that it stays equaéto, because
of conditions of experiment — it was presumed thatthe
modelling of viscous fluid because of boundary dbods
between container and fluid our fluid sticks to tzdmer and
because of that speed of lower part of fibre has zelocity.
The simulation results at small angles of inclioatbf the
container showed a linear dependence of slope fifinal
position) in a viscous fluid from the angle of iimeltion of the

gradvle—

Fig. 10. Gradient of speed change in time aftetaioer declinations for 10
15, 20 degrees
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Fig. 11. Fibre angle change after declination oftamer for 10, 15, 20
degrees

C

container. The simulation results and experimerdata
showed a good degree of convergence, as showig.il Ei
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Fig. 12. Comparison of experimental data and moughesults.
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VIl. CONCLUSION 2.  Komxkun, HHU., HupkeBuuy, M.I'. Cnpagounux no snemenmaproil
. . . . ¢uszuxe. 1960.
Since the simulation results showed good agreeméht 3. Bamaannep, C.B. Jexyuu no audpoaspomexanuxe. 1978.

experimental data, the same calculations for velariadients 4 Eoussetl't'N" |Geik§’r|'M'R'f' DUfOU;, *]fl Thgfane, EL-N Sngo, Pt-
H . . - . omputational modeling or concrete t1liow: Generaemiew. Cemen

can be used to d(_atermlne the orlentat_|on of fibrgmouring of and Concrete Research. 37 (2007), p. 1298 — 1307,

fresh concrete into the trench (Fig. 1). The resuif

simulation speeds of fresh concrete can be usektErmine
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Maris Eiduks, Andrejs Krasnikovs, Ervins Dunskis, Olga Kononova. Eedru orientacijas petijumi viskoza vide

Petijums ir saists ar &iedrbetona l§edru pfismasatruma gradientagtijumiem formu pildSanas procés Tiek piedivats kontroét iedru orieniciju iepildes
proce4, kontroEjot &iedrbetona gismasatrumu gradientu, kasgp petnieku domam ir izmatojams edru orienicijas noteikSanaiata veida iegistot oriengtu
Skiedrbetonu, kas gan uzlabotl padbas, ganlautu optimizt izmantojamo Eiedru daudzumu. Rtkis ir izstiadat datormodeli, kas iu defgs iedru
orientcijas vadSanai un noteikSanai saptilforma.

Veicot datormodeBanu svaigakdedrbetona forréSanas procesam caur iepildes cauruli, iGiegertikalo un horizondlo atrumu sadajumi jebku& procesa
laika posma.

Lai apstipriritu domu, ka ir iesjams prognoa Skiedras orieriiciju betona pisma ar %iedras pagriezienatruma gradientiem, tika noteiktas ar eksperimentu
izveléta viskoza Eidruma ipa3bas. Tika veikts eksperiments ar viendsedras pagrieSanos cauidiga viskoz kidruma, ka am modeéts process
datorprogramri. Eksperimerilie rezul@ti uzradija apmierinoSu sakitiu ar datorsimuakija iegiatajiem rezuliitiem. Tadgjadi var seciat, ka iedru pagrieSais
atruma gradienti var tikt izmantotk&dru orienicijas noteik3anaildedrbeton.

M apuc Diinyke, Apapeit Kpacunkos, JpBun Jlyncknc, Onbra Kononosa. HcciienoBanne opueHTANH BOJIOKHA B BSI3KOM KHIKOCTH

Jlannas paboTa mpeacTaBiIseT coOol MperBapUTEIbHOE UCCIIEIOBAHIe, CBI3aHHOE C OIPEACNICHHEM IPaJuceHTa CKOPOCTH BOJIOKHA B IMOTOKE CBEXEro OeTOoHa,
KOTOPBIN MPEAOI0KUTEIBHO SBISCTCS OAHUM M3 KIIIOYEBBIX ITAPaMETPOB I KOMITBIOTEPHOTO MOJICIMPOBAHNS OPHEHTAIH CTaJbHOIO BOJIOKHA B TIpolecce
3anuBKH. L{enbio uccnenoBaHus ABIseTCs HOMyICHHE KOMIBIOTEPHON MOJENH UL IPOrHO3UPOBAHHUS OPUCHTAIMH CTAIFHOIO BOJIOKHA B KOHKPETHOM IIpoIecce
3aJIUBKH, KOTOpast ObUIa OBl IOJIC3HBIM IIapaMeTPOM JUI IPOTHO3HPOBAHUS KOHKPETHBIX MEXaHHUYECKHX CBOMCTB, ONTHMHU3AIUM MpoIlecca 3alUBKH U
COKpAILCHHS PAcXOI0B NpPHU TPABUIBHOM HCHOIb30BAHWH MHIPEAHeHTOB. OpHCHTAIMS BOJIOKHA B apMUPOBAHHBIX OCTOHAX Ba)kHA JUIS TOJYYCHHS JyYIINX
MEXaHHYECKHX CBOWCTB C ONTHUMAIBHOI KOHIIEHTpanmuedl BOMOKHA. J{Is mpomecca 3alMBKU CBEXKET0 OETOHA B TPAHIICIO ObLIM IOTydYEHBI PACIpeieleHHS
BEPTHKAIBHON U TOPU30HTAIBHOM CKOPOCTH B JIFOOOH MOMEHT BPEMEHH (KOMIIBIOTEPHOE MOZCTNPOBAHNE).

Jlns MOATBEpIKJICHNS BO3MOXKHOCTH OINPE/CICHUS OPHEHTAMM BOJOKHA IO IPAIMEHTaM CKOPOCTEH OBbUIO MPOBEICHO MOJCIMPOBAHUE MOBEACHHS OJHOTO
BOJIOKHA B HAKJIOHHOM KOHTEifHEpe C BS3KOH IPO3PadHON KUAKOCTBIO — KpaxManoM. I yCHemHOro MOAeNHpOBaHHs OBUI ompeneneH Kod(pdHIUEeHT
JMHAMAYECKOH BSI3KOCTH JKUIKOTO Kpaxmana. Pe3ynpTaTel skcIepuMeHTa IO MOBECHHUIO BOJIOKHA B HAKIOHHOM KOHTEHHEepe MOKa3ald yIOBICTBOPUTEILHOE
COBIAJICHUE C PE3yNIbTaTaMu MozenupoBaHus. COOTBETCTBEHHO, PacyeT IO IPafMeHTaM CKOPOCTEll MOKET ObITh MCIIONIB30BAH M Ul ONPEICICHHS MOJIOKCHUS
BOJIOKHA IIpH 3a1HBKe HHOpoOeTOHa.
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