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1. Introduction

One out of very effective ways for concrete mechanical resistance improvement is to reinforce
it by dispersed fibers. Fibers control opening and propagation of cracks simultaneously
limiting the crack with. High elastic modulus of steel and glass fibers is increasing fiber
concrete (FC) flexural toughness, ductility, impact resistance and FC construction members
durability. Main technological advantage of such reinforcement is the possibilities to
introduce fibers directly into the mixer with the rest of the other ingredients are undeniable.
At the same time addition of short fibers (with increasing fiber content) into concrete mix,
leads to mixing (FC balling) and transportation problems. Therefore, for the aim of good
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Concrete

Excavation and
concreting machine

Fig. 1. Fresh FC filling into the ground trench (picture created by AITEMIN (Spain))

workability of the mix, steel fibres are limited both by their maximal content and fiber length.
Similar situation is with the glass fibers too. Fresh FC is viscous (or very viscous) liquid and
its flow, filling the mould or trench in the ground needs additional investigation.

This paper is devoted to numerical fibre reinforced concrete flow modelling filling the deep
and narrow trench in the ground is creating under cut and cover tunnelling technology (see
Fig.1). FC is pumping by pump and throw tremie pipe is filling the trench from the bottom,
during slow excavation machine motion forward, erecting concrete wall of the new tunnel.
Different authors performed fresh FC flow numerical simulation, observes FC as viscous
single fluid, or fluid with discrete particles [1]. In our paper we are adapting single fluid FC
model. FC flow computational modelling could be the potential instrument for understanding
the rheological behaviour of concrete simultaneously performing fibers orientation
monitoring in concrete body and improving FC mix design. Numerical simulation of the
casting process could allow to civil engineers to specify a minimum FC workability that could
ensure the proper filling of a given formwork.

2. Viscous fluid plug motion in the pipe.
Two methods comparison: finite element (FLOW3D) and finite differences methods

FC during its motion in the pipe can form plugs. Investigating this phenomena 2D numerical
simulation using commercial finite element code FLOW 3D and finite difference methods
were executed. Finite element and finite difference methods had Lagrangian integration
points. Viscous incompressible fluid plug is in the pipe (see Fig.2).
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Fig. 2. Viscous fluid tap in the pipe
122



In the calculation were accepted that:

1. observed is only vertical velocity vy;

2. flow is incompressible or vy is not depending on y coordinate, but only on x
coordinate;

3. in the vicinity of the walls the velocities vy are equal to zero. The shear stress in wall
vicinity is linearly proportional to the slip velocity. The coefficient of proportionality
is the friction coefficient. When the friction coefficient is infinitely large the wall slip
velocity is equal to zero.

Navier-Stokes equations for our case are [2]:
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where F, ,F,, F are the mass forces (for gravity F,=-g, where g is free falling acceleration),
p 1s a pressure, 7 is a coefficient of dynamical viscosity, p is the fluid density.
In the case of the plug we have only one equation (under accepted earlier predictions):

2
dvy_FJrQ@vy

dr p ox*

2)

Here pressure is not depending on y coordinate and we have only one velocity component vy.
For our task have place the Lagrange reference frame and equation (2) is obtaining the form:
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Fig. 3. Velocities distribution in the moving plug (calculations were done using finite
elements method (FLOW3D) and finite differences method);

- velocity at the bottom surface (FLOW 3D);

000000 - velocity at the top surface (FLOW 3D);

A A A A A A - velocity (finite differences)
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Using finite differences method, the partial differential equation (3) is rewritten as follows:
l (Vt+l,x ~Vix ) =—g+ ) (vt,x+l - 2Vt,x + Vix-1 ) 4
T ph

Numerical calculation results according the formulae (4) with above-mentioned boundary
conditions were compared with the results obtained using finite element method code
FLOW3D. Velocities distribution comparison is shown at Fig.3. It’s necessary to mention that
finite differences model in (4) interpretation is giving the same velocities for the points are
located on the lines parallel to the pipe axle. In this sense we see good correlation between
both numerical methods was used.

3. FC flow numerical modelling filling the deep and narrow trench in the ground

In literature can be found different rheological models were described the relation between the
shear stress t and the shear strain ratey in cement-based materials. Two of them namely

Newton’s and Bingham’s models were used in our investigation. The simplest is the Newton
viscous fluid model:

T o=y . &)

Newton model is successfully describes very flow able FC flow (such as was observed for
self compacting concretes (SCC)). Increasing fiber content (or using non-SC concretes),
material is obtaining 1y — motion starting yield stress, below which fresh FC is staying in
stable state. In this case we can use Bingham’s model:

T:TO+777./’ l:fz-22-09
y=0, if t<17,, (©6)

where 1) — is the mentioned yield stress. When applied shear stresses do not exceed the yield
stress, the material behaves as a solid. Once the yield stress is exceeded, however, the
material is obtaining the viscous fluid mechanical properties.

In the framework of FLOW-3D® the stiffness of a Bingham material below its yield point was
appreciated using such approach: the yield stress in this case is the shear stress is reaching at
the some limiting strain rate, at higher strain rates, the material is obtaining a much lower
viscosity. The initial viscosity and the value of the limiting rate-of-strain can control the
interval where the stress is below the yield stress. Above the yield point the slope of the shear
- stress versus strain-rate curve is consistent with a much lower viscosity.

Since shear stress is equal to viscosity times the strain rate, we can easily derive the viscosity
function needed to generate the approximate Bingham-stress versus strain-rate curve. The
Non-Newtonian viscosity model in FLOW-3D has all the necessary features for this
approximation.
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4. Flow parameters and results

Comprehensive parametric study was performed, were investigated pressure and local
velocity (local fiber orientations are dependant on local FC flow velocities) in different places
of the system depending on trench and pipe geometry, excavating machine motion velocity
and pump pressure value. Calculation results are shown at Fig.4-9. In this case trench size is 5
m deep and 2 m long. Pipe’s crossection internal size is 20 cm, pump pressure 2,026%10°
dyne/cm’ (2 atm), horizontal velocity of the excavation machine is 0,5 cm/sec (in the case of
calculation made for Newton fluid) and 0,15 cm/sec (for Bingham fluid). Concrete density is
2400 kg/m’, coefficient of viscosity 500 Pa-sec and yield stress 500 Pa. Vertical and
horizontal dimensions (largest) of finite elements are 3 cm. The number of finite elements is
13400. The total pumping time is 240 sec for Newton fluid and 815 s for Bingham fluid
model (for the case under consideration).
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Fig. 4. Pressure (a) and local velocity (b) in the concrete at time moment t = 10,5 sec
(from the pumping beginning) (Newton’s fluid model)

Looking on Fig.4 and 5 we see that at the beginning of pumping Bingham fluid (comparing
with Newton’s one) has lower pumpability. It is necessary higher pressure and longer time to
pump the same liquid volume into the trench. When flow is stabilized (see Fig.6 and 7)
pressures distributions in the systems become very similar despite that in the same time
velocities of trench filling are quit different.
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Fig. 6. Pressure (a) and velocity (b) in Newton’s model,
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Fig. 7. Pressure (a) and Velocity./ (b) in Bingham’s model, t=200,1 sec
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Fig. 8. Pressure (a) and velocity (b) in Newton’s model, t=200,5 sec
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Fig. 9. Pressure (a) and velocity (b) in Bingham’s model, t=610,1 sec
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Fig. 10. Pressures in the fiberconcrete during the pumping (Newton’s fluid model);
- pressure at the top point of the pipe;

000000 - pressure in the middle point of the pipe;

A A A AAA -pressure at bottom point of the pipe
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Fig. 11. Velocities in the fiberconcrete during the pumping (Newton’s fluid model);
- velocity at the top point of the pipe;

000000 - velocity in the middle point of the pipe;

A AAAAA - velocity at bottom point of the pipe
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Fig. 12. Pressures in the fiberconcrete during the pumping (Bingham’s fluid model);
- pressure at the top point of the pipe;

000000 - pressure in the middle point of the pipe;

A AAAAA -pressure at bottom point of the pipe

Majority of fibers in the pipe crossection are (approximately) oriented in flow direction.
These become more pronounced for the lower part of the pipe. Fibers with concrete going out
of the bottom end of the pipe are filling the bottom part of the trench and are lifting up upper
layers of fiberconcrete. At the same time excavation machine motion forward leads to
formation of the volume with opposite flow direction in the central part of concrete wall body
(see. Fig.6-9). Fibers in this concrete volume are rotating and depending on machine motion
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velocity and pipe diameter and pump pressure can form areas with dominant orientation in
horizontal direction. This phenomena cal lead to formation of the belt with weak load bearing
capacity concerning to cylindrical bending around horizontal axis in the wall body.
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Fig. 13. Velocities in the fiberconcrete during the pumping (Bingham’s fluid model);
——— - velocity at the top point of the pipe;
000000 - velocity in the middle point of the pipe;
A A AAAA -velocity at bottom point of the pipe

5. Conclusions

Fiberconcrete flow simulations were performed using different numerical methods. Two
concrete flow models namely Newton and Bingham were used and resulted were compared.
Membrane wall concreting by moving excavating and concreting combine was numerically
observed. Modeling demonstrated that fiberconcrete wall can obtain areas with weak bending
resistance in vertical plane according to dominant fiber orientations in these areas. At the
same time performing mathematical concreting parameters (combine motion velocity, pump
pressure, tremie pipe position during concreting, concrete viscosity) optimization is possible
to avoid such situation and obtained membrane wall of highest bending resistance capacity.
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Kononova 0., Krasnikovs A., Eiduks M. Fibrobetona viskozas tecéSanas skaitliska modelesana

Viens no efektiviem panemieniem, ka palielinat betona mehaniskas ipasibas, ir armét to ar dispersi izkaisitam
isam Skiedram. Sada papémiena galvena tehnologiska prieksrociba ir iespéja ievadit isas Skiedras betona
sastava ta izgatavosanas stadija, ieberot Skiedras maisitdja kopa ar citiem ingredientiem. Tai paSa laikd iso
Skiedru pielikSana betonam izsauc betona sastava maisisanas un transportéSanas pasliktinasanos.
Pasliktinasands pieaug, palielinot pielikto Skiedru garumu un to koncentrdciju betond. Skidrais fibrobetons ir
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viskozs (vai pat Joti viskozs) Skidrums, kura iepliisanas process veidné, forma vai zemé izrakta tranSeja prasa
papildus izpéti. Saja darba Skidra betona plisma tiek skaitliski modeléta, pienemot, ka ta veido homogénu
viskozu Skidrumu. Literatira var sastapt dazadus reologiskus modelus, veltitus cementu saturoSu materialu
pliusmas modelésanai. Divi no tiem- Nutona un Bingama viskoza Skidruma tecésanas modeli - tiek izmantoti Saja
darba. Modelesanas rezultata veikta plasa parametriska izpete lokalo atrumu un spiediena atkaribai no izraktas
tranSejas geometrijas, raksanas kombaina kustibas atruma un fibrobetona padosanas spiediena.

Kononova O., Krasnikovs A., Eiduks M. Fibre concrete viscous flow numerical simulation

One of very effective ways for concrete mechanical resistance improvement is to reinforce it by dispersed fibers.
Main technological advantage of such technology is the possibilities to introduce fibers directly into the mixer
with the rest of the other ingredients are undeniable. At the same time addition of short fibers to concrete mix,
leads to mixing and transportation problems. Therefore steel fibres are limited both by their maximal content
and fiber length. Fresh fiber concrete is viscous (or very viscous) liquid and its flow, filling the mould or trench
in the ground needs additional investigation. In our paper we are modelling of fresh concrete flow assuming that
concrete is homogeneous viscous fluid. In literature can be found different rheological models were described
the relation between the shear stress and the shear strain rate in cement-based materials. Two of them namely
Newton’s and Bingham’s models were used in our investigation. Comprehensive parametric study was
performed, were investigated pressure and local velocity in different places of the system depending on trench
and pipe geometry, excavating machine motion velocity and pump pressure value.

Kononoea 0., Kpacnukoe A., Jiidyxc M. Qucaennoe mooenuposanue meueHus 63a3k020 uopodemona
Oonum u3 naubonee >¢hpexmusnvix cnocoo08 YIyuenus MexaHuuecko2o ConpomusieHus Oemona A6naemcs
€20 apmupogamue paccpeOOmMOYeHHbIMU BOJOKHAMYU. [7asHOe MexonocudecKoe npeuMywecmso makoll
MEXHON02UU - BO3MOICHOCTL HENOCPEOCTNBEHHO20 66e0eHUs BOJIOKHA 8 CMECUMENb ¢ OPYeUMU UHSPEOUEHMAMU -
Heocnopumo. B mo oice 8pema dobasienue KOPOMKUX 60JOKOH 6 CMecb OemoHd 6edem K B03HUKHOBEHUIO
npobnem cmewusanuss u mpaucnopmuposanus. Iloosmomy cmanvbHble 60JIOKHA O2PAHUYEHbL U NO  UX
MakcumanrbHomy codepycanuio u onure. Ceedcutl pubpobemon 6s13Kas (UnU OYEeHb G3KAs) HCUOKOCMb U ee
meyenue npu 3anoIHeHUU ONaryOKu Wil KaHaewl @ 3emie mpebyiom OONOIHUMENbHbIX UCCledosanuil. B nawerl
cmamuve Mbl MOOeIUpyemM medeHue ceemce2o Demona, NPUHUMAsL, YMo OemoH 20MO2eHHAs 6513KAsl HCUOKOCHb B
qumepamype NpueoOsimcsi PA3UYHble Peoao2UYecKue MOOenu, ONUCLIBAIOWUE C8513b MeNCOY KACAMETbHbIM
Hanpsixcenuem u deghopmayueli Ot MAMEPUALO8 HA OCHOGe Yyemenma. Jlge u3 Hux ObLIu UCTONb308AHbI 8 HAUUX
pacuemax — moodeau Hotomona u Buneama. Bvlio @binoineno ececmoponnee napamempuieckoe ucciedosanue,
ObLIU NONYYEHbl OasleHUe U JTOKAAbHASL CKOPOCHb 8 PA3HBIX MOYKAX CUCTEMDbL, 8 3AGUCUMOCIU OM 2e0Mempul
KaHaswl U mpyowl, CKOPCMu OBUNCEHUSL IKCKABAMOPA U 0ABNEHUS 3AKAYUBAHUSL.
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