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ABSTRACT

In this research, the influence of the fibre disition and orientation on the post-cracking behavif steel fibre
reinforced self-compacting concrete (SFRSCC) pangis studied. To perform this evaluation, SFRSC@efsa
were cast from their centre point. For each SFR$@I, cylindrical specimens were extracted andhreat either
parallel or perpendicular to the concrete flow dii@n, in order to evaluate the influence of filaispersion and
orientation on the tensile performance. The postiding behaviour was assessed by both splittingjleetests and
uniaxial tensile tests. To assess the fibre deasitiyorientation through the panels, an image aisatgchnique was
employed across cut planes on each tested spedimefiound that the splitting tensile test ovéirmates the post-
cracking parameters. Specimens with notched plarelpl to the concrete flow direction show consadide higher

post-cracking strength than specimens with notghade perpendicular to the flow direction.

Keywords: Fibre reinforcement; Tensile propertiRegology; Dispersion; Image analysis
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1. INTRODUCTION

The addition of fibres to a cementitious matrix Eidrutes mainly to the energy absorption capacitg arack
control of structural elements, as well as to thieamcement of the load bearing capacity, partibylar structural
configurations with high support redundancy [1-Phe fibre reinforcement mechanisms are mainly éffecafter
concrete cracking initiation and, mostly, improtie post-cracking behaviour, due to the stressfeapsovided by
fibres bridging cracked sections. Crack openingteel fibre reinforced concrete (SFRC) is countedhdy the
bond stresses that develop at the fibres / matterfiace during the fibre pull-out. On the othendhaone of the
most important properties of SFRC is its abilityttansfer stresses across a cracked section natifermly, which
nonetheless is dependent on the fibre reinforcereffattiveness, i.e. fibre properties (their sttbéndond, and
stiffness), and fibre orientation and distributif8}. The stress transfer capability of fibres entenmainly the
composite’s toughness, which is a parameter relatatie energy absorption during monotonic or cytdiading
[4].

The dispersion and orientation of fibres in thedeaed-state results from a series of stages trRCSfasses from
mixing to hardening state, namely [5]: fresh-stateperties after mixing; casting conditions int@ ttormwork;
flowability characteristics; vibration and wall-efft introduced by the formwork. Among these factorall-effects
introduced by the moulds, and the properties of GHiRRthe fresh state, especially its flowabilitye ahe most
important ones [5-7]. Having in mind that mechahjraperties are significantly related to the filmrgentation and
dispersion, which are affected by concrete’s flovihie fresh state, it is important to control btitbse parameters
(flowability and wall-effect) [8-10].

Application of steel fibres enhances the mecharpeaperties of concrete, but since all fibres carbealigned in
the direction of the applied stress, the effectagmnof the fibres is dependent of the loading ¢, mainly on
the directions of the principal tensile stresseerddver, it is shown that the fibre distributiosatter in large scale
elements may result in a significant inconsistentythe mechanical behaviour along the structuraimeint.
Therefore, it is feasible to expect an anisometraterial behaviour for this kind of composite. bdaion, the fibre
efficiency depends on the orientation of the fibl@sards the active crack plane. Some authors abeten steel
fibre reinforced self-compacting concrete (SFRS@® variability in the post-cracking parameterseasized in
bending tests, and also in uniaxial direct tensitgs, can be justified by the dispersion and edigmt of the fibres

[11-12]. Therefore, a significant research effaslibeen done to achieve better mechanical perfaesdor SFRC
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by conditioning the distribution and orientation tife fibres [11, 13-15]. However, these effects uithobe

considered for structural design, especially whéref distribution and orientation affect signifitgn the

mechanical properties of SFRC.

The main objective of this study is to connect expentally the influence of the distribution / antation of fibres

which are affected by flowability of concrete, teetpost-cracking behaviour of SFRSCC developedapptied on
laminar structures. To perform this evaluation SERSpanels were casted from their centre point. &ach

SFRSCC panel, cylindrical specimens were extraatetl notched either parallel or perpendicular todbecrete
flow direction to evaluate the effects of fibregkssion and alignment on the tensile performanbe.gost-cracking
behaviour was assessed by both splitting tensts tnd also uniaxial tensile tests. To chara@ditize density and
orientation throughout the panels, an image amalysthnique was employed across the cut plane abf tssted

specimen.

2. EXPERIMENTAL RESEARCH

2.1 Concrete mixture

The constituent materials used in the compositiothe SFRSCC were: Portland cement CEM 42.5 R \{@}er
(W), superplasticizer SiRa3005 (SP), limestone filler, crushed granite aggte, fine and coarse sand, and hooked-
end steel fibres (lengtl, of 33 mm; diameteid;, of 0.55 mm; aspect ratit,/dr , of 60 and a yield stress of 1100
MPa). The adopted mix proportions are shown in &adhlwhere W/C is the water/cement ratio. To eveldlke
properties of SFRSCC in the fresh state, the iedeftbrams cone slump test was performed accordifig-NARC
recommendations [16]. An average spread of 670 nas achieved without sign of segregation of the titorests.
The compressive strength and Young’s modulus weterchined using cylinders of 150 mm diameter an@ r8tn
height after 28 days of moist curing in a climatember (3 cylinders for each test). The averagepcessive
strength ) and the average value of the Young’s modultig)(were 47.77 MPa (7.45 %) and 34.15 GPa (0.21

%), respectively, where the values in parenthesgesent the coefficient of variation.
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2.2 Specimens

According to [17], casting a slab from its centsswres better mechanical behaviour compared tottier casting
methods. Therefore this direction of casting wadsced for the production of two SFRSCC panels. dineensions
of the panels are 1600x 1000 fim plan, with 60 mm of thickness. The fresh coteneas poured directly from
the mixing-truck by using a U-shape channel atchetre of the mould from a height of 60 cm. Théuiafice of
fibre dispersion and orientation within the paneltbe post-cracking behaviour was assessed by nuéamditting
(Brazilian type) and direct tensile tests. Twertsete specimens were extracted from each panel #h@ngoncrete
flow directions, according to the scheme represkmeFig. 1. In this figure the pale dash lineshwdrrows
represent the supposed concrete flow directionseWhe driling operations were performed, the panetre
already in their harden-mature phase. The hatcbebavere used for executing splitting tensilestestile the rest
were used for uniaxial tensile tests. In the splittensile test, to localize the specimen’s fregttwo notches with
a 5 mm depth were executed on cores’ opposite .sidesinfluence of the crack orientation towards toncrete
flow was assessed in two distinct directions. Bsuasingé as the angle between the notched plane and tbetidin
of the concrete flow, the notch plane is designatadhllel ford = 0" or perpendicular fof = 90". Since the core
scheme was maintained for both panels, for eack tmration there are two cores with perpendiculaichm
direction. This will enable to evaluate the inflgerof fibre orientation at a certain distance fritv@ casting position
on the stress-crack widthr-(v) relationship. For instance), of Al specimen is 90and O in panels A and B,
respectively.

The remaining cores extracted from the cast pamete sawn out from cylinders of 150 mm diameter @anm
thickness according to the schematic representalmwn in Fig. 2. Twenty two prismatic specimenghwi
dimensions of 110x102x60 ninwere produced for the uniaxial tensile test progr&ollowing the same notching
procedure for the splitting test specimens, thenpaitic specimens were notched according to paif@lel0’) and
perpendiculard = 90°) directions to the expected concrete flow. Thehatas executed in the four lateral faces of
the specimen, at its mid-height, with a thickneé® onm and a depth of 5 mm. Special care was gteethis
operation to produce a notch with precise and umifdimensions, and also to ensure the notch plawerbes

perpendicular to the direction of the applied stres
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2.3 Test setup

2.3.1 Splitting tensile test

To determine the-w relationship representative of the SFRSCC papéttisg tensile tests based on the ASTM C-
496 [18] were executed. The tests were carriedirodlisplacement-control using an universal testiiggwith a
bearing capacity of 150 kN. The tests were performéth a relatively low displacement rate of 0.0@dn/s
enabling to obtain a stable response once the gradess is initiated. This low displacement rass Wept constant
throughout the test execution. An external displeeet transducer positioned on the actuator thatsored the
vertical deformation of the specimen was used tarobthe test.

Each specimen was positioned between two rigid atippand subjected to a diametral compressive |bad
applied along the thickness of the specimen. éssumed that this applied load induces a constastlé¢ stress in
the central part of the notched plane; therefoeeréisults are expected to be close to the unitedaile test results
[19]. The test setup is depicted in Fig. 3. In eggbcimen five linear variable diferential transehsc(LVDTS) were
applied according to the configuration schematycadpresented in Fig. 3a and 3b to record crackiogealong the
notched plane. The support aluminium plates of da¢BT guaranttee the register of the opening of the
opposed faces of the notch, Fig. 3c. To assesssifmmetric crack oppening occurs, due to fibre esgafion during
the casting procedure, two LVDTs were located atgfrecimen’s bottom surface, while the others viireel on the
top surface of the specimen.

2.3.2 Uniaxial tensile test

After sawing and notching operations, each specimas carefully cleaned with pressurized air andaaee Then,
two loading steel plates were glued with epoxyhe top and bottom surfaces of the specimen anc:cielofj to a
uniform pressure during three days enabling théepealignment of the loading plates. Sikdt¥30 Normal epoxy
adhesive was used for this purpose.

A high stiff universal testing rig with a bearingpacity of 1000kN was used to execute the unidgiaile tests,
Fig. 4a. This test was carried out in close-loggpléicement control by averaging the signals of ftisplacement
transducers installed on the two opposite faceth@fspecimen (top and bottom of the panel), Fig.Bibtinct
displacement rates were applied during the tesprdioty to the following procedure: 0.005 mm/min tgp a

displacement of 0.05 mm, 0.02 mm/min up to a diggi@ent of 0.1 mm, 0.08 mm/min up to a displaceréts
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mm/min and finally, 0.1 mm/min until the completiof the test. The adopted displacement rates comiphy the
recommendations of RILEM TDF-162 [20].

2.3.3 Assessment of fibre distribution and origntat

To find out correlations between fibre distributiparameters and mechanical properties, such aduatstresses
and absorption energy, it is quite important toed®ine fibre dispersion and fibre orientation pagters. There are
several methods for assessing the fibre distributmd orientation in fibre reinforced compositegmely:
tomography (CT-scan) [21], image analysis [22],ayx-method [17], electrical resistivity [17], ultashd and
guantitative acoustic emission technique [23], aranetic approach [24]. Among these methods, inaagdysis
technique was chosen due to its simplicity andirelly low cost of the necessary equipment.

The adopted procedure for fibre detection comprised main steps. Firstly, the fracture surfacetwf specimen
was grinded. To enhance the reflective propertiethe steel fibres, the surface was polished aedr#d with
acetone. Secondly, a colored image of this sunfe@e taken using a high resolution digital photograpmera.
Afterwards, the obtained image was processed usiageJ [25] software to recognize steel fibres.seh&teps are

depicted in Fig. 5. This method was also adoptedthgr researchers [13, 26, 27]. After analyzirg ithages, the

acquired data was processed, and the total nunfilfiéres intersecting the pland\l(; ), number of effective fibres

(Nefff ), orientation of each fibred), and segregation factoﬂeg) were obtained. Each parameter will be defined
subsequently.
The number of fibres per unit areaf , is the ratio between the total number of fibrearged in an imageN.If ,
and the total area of the imag#;

N'=N//A 1)
The effective fibres,N efﬁ , per unit area are those that had the hooked efwirded, and those that have fractured.

The number of effective fibres was determined Isp&l inspection of the fracture surfaces.

The assessment of the fibre orientation degreecattain plane can be given by a fibre orientatartor, 75, EQ.(2).
Based on an image analysis procedure of cut plahesgllipses’ axis of an intersecting fibre can dsesily
determined. Therefore, in this method, the oriémtatactoryy can be regarded as an average orientation tovaards

certain plane surface.



161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

1 N
n, = Wz cosf )

In Eqg. (2) NT]c is the total number of fibres that can be deterahing counting all the visible ellipses and circgs

the cross sectiorg is the out-plane angle that is defined as theeabgtween the fibre’s longitudinal axis and a
vector orthogonal to the plane.

The last analysed parameter was the fibre segoegalibng the gravity direction, determined from:

Sueg = 1 NTf Zy @)
wherey is the coordinate in the Y axis of the fibre’s\gta centre, andh is the height (or depth) of the analysed

cross-section. To calculate the location of theldibres gravity centre, an average value of iherdinates in the Y

axis of entire fibres should be determined in thalgsed cross-section. ThESeg parameter can assume values
between 0 (segregation at the top of the crosses@cind 1(segregation at the bottom of the cressian). In a

SFRC with ideal fibre distribution_ is 0.5.

seg

3. ANALYSISOF RESULTSAND DISCUSSION

Table 2 includes the residual stresses and toughpsameters for different average crack widthshistable gpeax

is the stress at peak load that represents thenmaxitensile stressyp s, o1 ando» are the residual stresses at a crack
opening width of 0.3, 1 and 2 mm, respectiveBg; and Ge, are the dissipated energy up to a crack width of,
respectively, 1 and 2 mm. Additionally, the cod#fit of variation, CoV, and the characteristic \esufor a
confidence interval of 95%,06,, are also included. From the results it is notitieat the influence of the notch
orientation towards the concrete’s flow on the guestk behaviour of the material is quite high. Fleees with a
notch inclination of) = 0° shows higher residual tensile stresses aondaxger dissipated energy than the specimens
with & = 90°. This variation in the post-cracking parameould be ascribed to a preferential orientatibithe
fibres at the fracture surface. As it will be dissed in more detail further ahead, during the mgsttage, fibres

have the tendency to be aligned perpendicular e¢odirection of concrete flow, maybe due to a umifaradial
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velocity profile as also observed by [14, 17]. Tfere, for the specimens with the notched planalighto the flow
direction, more fibres are almost perpendiculathte crack plane and, consequently, a higher nurobdibres
intersect more effectively the fracture surfaceevitius research on the fibre pullout behaviour tea®aled that
fibre reinforcement effectiveness is almost the esdar a fibre orientation towards the normal to tmack plane

lower than 30 degrees [28].

3.1 Splitting tensile test

Fig. 6 depictsthe nominal stress — crack openingtmdisplacement relationship,— w, for specimens extracted
from distinct panels’ locations. The envelope dmel ¢orrespondent average curves are presenteis ifigiire. The
crack width was determined by averaging the reabdisplacements of the 5 LVDTs installed on theefaof each
specimen, see Fig. 3. The nominal tensile stresheatentre of the specimen was obtained from dfewing
equation [29]:

O=0,=—— 4
=L (4)

whereF is the applied line load) is the diameter of the cylinder (150 mm) dni$ the thickness of the net area in
the notched plane (50 mm). Although the applicgbilif Eq. (4) is arguable in the softening phaseSBRSCC,
since it is based on the theory of elasticity, il Wwe used to estimate the tensile stress at theked surface, as
adopted by other researchers [19, 26, 30].

The o - w responses are almost linear up to the stressaek anitiation. Up to this stress level, the dig@ments
recorded by the LVDTSs represent the transversatieldeformation of the SFRSCC volume between tipparts
of the LVDTs (Fig. 3c). Therefore, the deformalilituring this first phase should have been remdrad theo -

w response, but due to its negligible value this wat executed. After crack initiation, the- w response is
nonlinear up to peak load. Once the peak load vi@snad, the load has smoothly decreased beindleisi
softening response. Note that, for the specimetis thie notch perpendicular to the flow directigh= 90°), the
peak stress was equal to the stress at cracktioitia

Generally, thes — wresponses exhibited a relatively high scatteSHRSCC, this type of scatter is generally high,
even in specimens from the same casting and wils#ime testing conditions, due to the high depemdefithe

post-cracking behaviour on the fibre distributiomdarientation. Since the specimens were extraitted distinct
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slab locations, at different distances from thdioggoint, a high scatter was expected. In faw, uiscous nature of
SFRSCC affects the distribution of the concretestirents along the flow process.

Fig. 7 shows the — wrelationships at the two sides of the specimensesentative of the top and bottom surfaces
of the panels. Additionally the average curve sodhcluded. The crack width was determined by ayieg the
LVDTs readouts installed on each surface. As ishewn from the results, the LVDTs on the bottomfeste
registered a lower value of the crack opening ti@nones at the top surface for the same load.l&vé$ means
that the crack opened asymmetrically, which isifigst by the fibre tendency to segregate alongdepth of the
element [31]. The effect of fibre segregation wéghtly higher in thed = 90° series. This aspect will be

corroborated and discussed in a subsequent sedtiothe determination of a fibre segregation facto

3.2 Uniaxial tensiletest

Fig. 8 depicts the average and envelope stres&-ariath (0-w) curves regarding to each series. For both s@ties

0" and 90), the s-w curve is almost linear up to the load at crackidtion. The concrete tensile strength was
approximately 2.7 MPa. Once the tensile strengéitained, the stress suddenly decreases up txhk width about
0.07 mm. Beyond this crack width= 0" and 90series behave in a completely distinct way. A skardening and

a plateau responses are observed fodtke0’ and 90series, respectively. Regarding the 0" series, Cunhat
al.[28] have analyzed the micromechanical behaviounarfked end fibres by performing fibre pull-outttesand
have verified that after a fibre sliding of neafhy mm, the fibre reinforcement mechanism is magdyerned by
the hook plastification during the fibre pull-oubpess. Therefore, in this series, fibres staltetgulled-out slowly
being observed a semi-hardening response. Aftesyard = O’ specimens, up to the crack width of about 0.6 mm,
a plateau response is observed, which is thenwellioby a smooth drop in the residual stress. Fregpergmental
and analytical analysis, it was verified [32-33}ttthe average orientation angle value of the adibres bridging a
leading crack is about 35According to fibre pull-out tests performed byra et al. [34], in the case of the
inclination angle of 30with the load direction, fibre rupture is the mpstédominant failure mode between the slip
range of 0.6-1.0 mm. In fact, during the uniaxetddile test execution, after peak load is attathedsound of the
fibre rupturing was clearly noticeable that causexhpid drop in the value of the load. This wasficored after

analysing the fracture surface by visual inspection
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In the case of) = 90°, some specimens shown a pseudo-hardening behaegpecially those located nearby the
centre of the panel. After this pseudo-hardenintgglimur, it is observed a small plateau followedalneduction of
the residual stress beyond a crack width of abdutrin, which corresponded to the rupture of theefib

The pre-peak branch shows very low scattering, evinilthe post-cracking phase the scatter of thporese was
considerably higher. In the elastic phase the dmtton of fibres is rather negligible. After craiitiation, the role

of the fibres becomes more important in bridging gtresses across the crack surfaces. This proepsnds
significantly on how fibres are distributed andenttied through the matrix, which means the scatiesbiserved in
the post-cracking phase is highly influenced by taeiation of the fibre dispersion and orientatiamongst
different specimens. Hence, for the latter serieis imore logical to categorize thew relationships based on

distinct fibre orientation factor and distributiombhich will be discussed in the next section.

3.3 Comparison of the results

Fig. 9 shows the relationship between the ratithefsplitting tensile post-cracking parametegs,  Gr spLtand the
uniaxial tensile post-cracking parametefs;t, Gr utr for the crack width corresponding &geacthat is known as
Wpeakk @nd at crack width values of 0.3, 1.0 and 2.0 nmrig. 9(a) ford = 0° serieswyeakdoes not represent the
same value for splitting tensile test (0.44 mm) amiaxial tensile test (0.34 mm), therefore thiteimal is
represented as a hatched vertical strip. Fofth&®0° series this problem is not crucial singexcoincides with the
stress at crack initiation, which happened for gligible crack openingvweay. The data plotted in Fig. 9(a) clearly
shows thawspiris larger tharsyrr for almost allw (CMOD) values considered exceptwat= Wyeakfor the =90
series. Therefore, splitting tensile test overeatan the tensile residual strength. The averaggldestress at peak
load for the splitting and uniaxial tensile testswa39 and 3.30 MPa fér= 0° specimens, and 2.47 and 2.72 MPa
for #=90°series. With the increase of the crack opertimggspeLr/ ourrratio became higher, since in the softening
phase fibres started being mobilized as they bridgestresses across the crack surfaces.

Fig. 9(b) depicts the relationship between the gnabsorbed during the fracture process in botisetsips, up to a
crack width of 0.3, 1 and 2 mm. Both series prestatsimilar tendency, an increaseSpfvith the crack width was
observed. On the other hand, in the average terroy 0.3 mm crack width, the
Gr sput/ Geutrratio is 1.33 and 1.94 fat = 0° andd = 90 series, respectively. This ratio has increasecduh 82

and 2.05 for 2 mm crack width, respectively, fior 0" and® = 90" series.
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3.4 Fibredistribution and orientation
Table 3 includes the fibre distribution parametatained by image analysis on the plane surfae Kgg 10) of
the specimens subjected to uniaxial tension testhilVeach panel, by assuming the casting poinbrgin,

specimens with the same distance from castingroege presented in the same row. For each stuisézhde, the

number of fibres was assessed in two perpendipldares § = 0° and 90°, Fig. 1). From the analysed resmté,
andN;ff were significantly higher at the specimens with 0°, approximately 80% and 254 %, respectivelyenvh

comparing to specimens with= 90°. This high variation of the fibre distribution two perpendicular directions
could be ascribed to a preferential fibre alignmearftuenced by the concrete’s flowability. Moreoyehe
probability that a random section plane crossirgingle fibre is a function of the fibre’s length)( diameter D),
and also the angle that the it makes with the segtiane (fibre orientation factor) [35]. Since thi¢ fibres have the
same aspect ratio, the value Bfand L are constant, therefore the probability functipehds on the fibre

orientation factor. On the other hand, the highéergation factor leads to a higher probabilityaosingle fibre

intersecting a section plane. Concerning the fimgregation factor, the obtained average valueésgjfor the

studied cross sectional planes were slightly highan 0.5, approximately 7.6 to 14.6%. The obtainaldies are
coherent with the - w curves depicted in Fig. 7, since it justifies vihg value of the crack opening determined in
the bottom surface of the cores @n= 90° specimens is lower than the other series. Tfarsthe studied self-
compacting concrete composition, slightly fibre reggtion towards the bottom of the specimen dubeagravity
action was observed. In terms of the fibre oriéotatactor,;,, specimens from seriés= 0° had higher values than
the & = 90° series, which means that the fibres are magaed perpendicular to the fracture plane in éhre 0°
series.

Fig. 11 depicts orientation profiles obtained fbe taverage orientation factor of each series separdn this
figure, the distribution of the orientation anghedugh the cut plane was studied for each specseparately and
the experimental results were compared to Gaugdigribution. According to this study, the distritmn of the
orientation angle follows closely a Gaussian distion. Laranjeirat al. [36] had already obtained similar
conclusion. Based on this method, an Excel spresdstias developed in order to determine the préibabensity
distribution of fibre orientation. As it is expedt® = 0’ specimens show a distribution shifted to the liefe swhich

means fibres have a tendency to be oriented mopepdicular to the cut plane (crack plane). Ondtieer hand,

11
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the = 90 distribution is slightly transferred to the righite and more fibres tend to be aligned paralleh&ocut
plane (crack plane). Regarding to the comparisoth wleoretical orientation values for a two-dimensil
distribution, 2/z, [37] and a three-dimensional isotropic uniforrndam fibre distribution, 0.5, [38p = 0
specimens had a very different distribution profildiereas orientation profile th= 90" series has matched with 2D
fibre random distribution perfectly. Consequenitythe case of casting panels from the centreg for0° series the
assumption of a 2D or 3D uniform random fibre disttion is far apart from the reality. In the presease, the
distribution is prominently influenced by the plagiconditions and concrete flowability.

Based on the obtained results, since in the captiogess of the panels, particularly from the agritre wall effects
are negligible, the flow velocity is uniform andffdses outwards radially from the casting pointe $6g. 12.
Therefore, fibres have a tendency to orient pergetat to the concrete flow direction. As a consage, in the) =
0° series the SFRSCC presented a semi-hardenippnes due to the high number of effective fibreshwi
favourable orientation, while in th&= 90° series, since fibres were rotated due toctirerete flow velocity, the
number of the effective fibres is reduced and loresidual strengths are observed.

Fig. 13 depicts the relationship between the fiteasity measured at the notched fracture surfetmspperforming

direct tensile test and the distance from the wggtioint. In this figureNfH and NfD are, respectively, the fibre

density at a crack plane parallel and perpendidal#éine concrete flow. As it is expected, due ® phoper viscosity
of the concrete, a good homogeneity and dispersiche fibres were achieved all over the panelsl, arhigher
fibre density was obtained in the fracture surfandbe alignment of the concrete flow.

The ¢ - w relationships previously obtained (see Fig. 8)ehahown a high scatter due to the distinct fibre
distributions. In order to reduce the scatter @& thsults and also study the influenceiy@iamdNefff , theo - w
relationships were separated in three differeregmies, see Fig.14. From this figure, it is codeldi that the post-
cracking parameters depend not onlydtbut also irNefff . Fig. 15 clearly shows that by increasing the miggon

factor, the number of the effective fibres tendste exponentially.
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319 4.CONCLUSION

320 In the present work, the influence of fibre distition / orientation on the tensile performance tfek fibre
321 reinforced self-compacting concrete (SFRSCC) wasattterized by performing splitting and uniaxialdiée tests
322  on cored specimens extracted from different paotations.

323  Fibre distribution and orientation have a strongait on the tensile behaviour of specimens driledh the panels.
324 In the case of the series with crack plane paratiethe concrete flow directiord (= 0°), specimens shown
325 significantly higher post-cracking parameters thila@ other studied case with a perpendicular crdakepto the
326  flow direction @ = 907). When a panel is cast from the centre, fibresehatendency to line up perpendicularly to
327  the radial flow, mainly due to the uniform flow fiite velocity that diffuses outwards radially frotine centre of the
328 panel. Hence, the total number of the effectiveeibintersecting the parallel crack plafie=(0") was higher than
329 the one registered in the orthogonal crack plére 40).

330 The probabilistic distribution of the orientationghe through a cut plane follows closely a Gaussliatribution. By
331 determining the probability density function of igborientation for each series separately, it ismitbthat for9=0
332  specimens the assumption of 2D and 3D uniform ranfibre distribution is completely far apart frofmetreality,
333  while 8 = 90 series follows a pattern very close to the theoat®D random fibre distribution.

334  Splitting tensile tests tend to overestimate thet{ooacking parameters, but clearly capture allsphaof post-
335 cracking response. Moreover, the splitting testeeh@resented a lower scattering of the results wioenpared to
336 the uniaxial tensile test. The load at crack ititia step was not influenced by fibres; both test8mated similar
337 tensile strengths. The post-peak stresses andyeabsprption parameters obtained from the splittentsile tests,
338 especially, the energy absorption parameters haoers a reasonable correlation with the ones obdafrem the
339  uniaxial tensile tests.

340
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Table 1- Mix proportions of steel fibre reinforceelf-compacting concrete pef.m

Cement | Water | W/C SP | Filler | Finesand| Coarse sand| Coarse aggregate Fibre
(k] (k] ] | [kal | [kd] (k] (k] [ka] [ka]
413 140 0.34| 7.83 353 237 710 590 6
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828 Table 2 - Residual stress and toughness paranwdteisied from splitting and direct tensile tests.

Opeak 003 o1 o2 Gr1 Gr2
Series Parametef
[MPa] | [MPa] | [MPa] | [MPa] | [N/mm] | [N/mm]
Average 4.39 4.23 3.82 2.79 4.07 7.32
6=0°
g CoV (%) 25.6 29.7 24.3 30.2 27.2 25.2
° (on)
B Koso 3.52 3.16 2.09 1.95 3.36 6.08
c
[}
o Average 2.47 2.13 1.96 1.50 2.08 3.82
S | 6=90°
?). CoV(%) 33.1 48.6 37.9 35.3 35.9 33.2
(1)
Koses 2.07 1.74 1.46 1.09 1.49 2.83
Average 3.33 3.24 2.30 1.14 2.94 4.47
6=0°
g CoV (%) 19.0 21.4 27.4 39.8 24.2 23.7
° (on)’
B Koso 3.10 2.73 1.83 0.80 2.42 3.72
c
9}
T Average 2.72 1.05 1.02 0.56 1.09 1.86
x| 6=90°
'% CoV(%) 19.1 64.5 65.4 57.1 59.6 59.9
(o0)
Kosos 2.34 0.51 0.48 0.30 0.57 0.96
829 *|| and.L- notch direction paralleb(= 0°) and perpendiculaf & 90°) to the concrete flowdirection, respectively.
830
831
832
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834
835
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837
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839
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842

843

844

845

846

847

848

849

850

851

852

853

854

Table 3- Fibre distribution parameters.

0=0 0=90
Specimen Distance N f Nefff "o fseg N f Nefff ” 5569
[em] [fibres/cn?] | [fibres/cn?] | [] [[1 | [fibres/cn?] | [fibres/cn?] | [-] [
B3 20.0 2.071 1.291 0.82r 0.580 1.557 0.405 0.688 @0[47
Ad 235 1.889 1.356 0.85p 0.518 1.430 0.506 0.7/37 Q0|51
C4 32.0 2.036 1.430 0.85[L 0.5%5 0.665 0.133 0.630 7059
D3 32.0 1.913 0.853 0.77p 0.491 1.436 0.415 0.666 60/58
B4 40.0 1.956 0.851 0.778 0.530 0.506 0.074 0.p61 30[64
A5 46.5 2.220 1.212 0.814 0.479 1.097 0.311 0.p72 50[72
A6 69.5 2.304 1.803 0.86p 0.5%7 0.967 0.132 0.604 90|53
C6 77.5 2.142 1.303 0.818 0.600 1.232 0.541 0./56 50[48
D1 77.5 1.921 1.089 0.79p 0.532 1.355 0.631 0.7/60 40[59
Average 2.050 1.24 0.820 0.538 1.138 0.35 0.675 0.p73
CoV (%) 7.16 23.74 4,15 7.33 31.98 57.11 10j20 14.00
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