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Abstract - In the paper short glass and carbon fiber micro- LR _ ANSYS
mechanics in concrete matrix is under considerationin present T I B
work was performed pull-out 3D numerical modeling.Numerical
results were compared with realized experiments fosingle and
few (fibre bundle) AR glass and carbon fibers pullig out of
concrete matrix. Investigated were one fiber pull-at dynamics as
well micro-stresses in the material. During perforned single fiber
pull out experiments were established such processains steps:
a) fiber and matrix elastic deformation with perfed bond
between fiber and matrix; b) cylindrical delamination crack
growth in material between fiber and concrete matrk; c) fiber
break in concrete, after what free fiber end with fiction is
pulling out of matrix. Numerical model based on FEM were
elaborated for all three failure steps. Numerical Bnulations were
established mechanical background for such failurghenomena.
Were established main load bearing and failure meamnism for
short glass and carbon fiber concrete composites single fiber
pull out with simultaneous fiber failure.
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Keywords - glass and carbon fibres, concrete, fiber bundles Fig. 1. 3D finite element model of single glassefirembedded into the
concrete matrix. Fiber is pulling out by externzdd, bond between fiber and

matrix is perfect

- INTRODUCTION matrix surface; c) fully debonded fiber pull-out of

concrete matrix. We are starting with the first .one

The 3D situation is undetvestigation through creating a
finite element model as shown in Figure 1.
The material properties are similar as in the 2asion

Plain concrete is brittle, addition a short randpml
distributed fibers lead to quasi-plastic materiabtpcracking
behavior. Fibers are mainly pulling out, during tfiber
concrete multiple cracking, that's why the studyfibér pull-
out micromechanics is important [1]. An overview ffch

[2]:
type research works as well as results of perforra@d . B B _
numerical investigations were published in [2]. Auchal Concrete matrix: ( E = 30000 MPa & 0.2);

results can be found in the articles [3-7]. Fraetur Glas?: fiber: (E=70000 MPa=0.2).
microscopical investigation for glass and carbonrslfiber »Soft" material (corresponds to interlayer in filmncrete

concretes [2] recognized main micro-mechanismsitur m_atrix debonded zone (see Fig. 3.a)): ( E = S00G3MPa,
bridging cracks in material: a) dispersed singleres are V~ 0,'25),' i .
bridging crack surfaces; b) fiber bundles (of difet size) are Fiber is pulling out of the concrete. Longitodl stresses (z

bridging crack surfaces. In present paper, invaitgs of —direction) in concrete, in the case of perfeceﬁiatcg bond
single and few nonmetallic fibers micro-mechaniothedded between fiber and matrix.(concrete) are shown gufés 2 (a-

into concrete matrix under external loads were qeréd d). Stress contours of the axial stresses in z2ction show
numerically using 3D FEM approach. that maximum stresses appear to be close to theectian

region at the front surface, where the fiber emergem the
concrete matrix, while extracting the fiber frome timatrix

) ) L . i under tension applied load, what is the real redsotut the
Corresponding to investigation performed in [2Js clear gher ot this place where the fiber cross-sectiaas hhe
that the pull-out test can be divided into thresges- a) fiber | o.im axial stresses (such results were obtainedur
pull-out with perfect bond between fiber and cotenmatrix; experiments). If it is not happening we have a -pul

b) fiber pull-out with partial debond (cylindricatrack) gcenario. According to pull-out stages illustratiéuture pull-
between concrete matrix and fiber, started frontoete

I1. SINGLE FIBER PULL-OUT MICROMECHANICS
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out force increase leads to debond growth betwdssm &nd
concrete matrix. Debonding starts progressivelymfrehe
interfacial surface of concrete matrix and is gmgvinside
between the fiber and the concrete according toeasing
external pull-out force. In this case it is conwsi to
introduce thin “soft interlayer” between matrix afider, on
the length of cylindrical debond in the materia@gg$-ig. 3.a).
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Fig. 2.(a-d) The axial stresses in z-direction iofje glass fiber embedded

into concrete matrix. 3D situation at the firstgateof pull-out test. Fiber is
perfectly bonded with matrix (concrete)

Really it is partially destroyed concrete matrixlffled with
cloud of micro-cracks). Created finite element mddeesh) is
shown at Fig. 3.b. Numerical calculations were ghow
existence of two dangerous crossections in the:filrst —at
the outer surface of concrete matrix (where fileicoming
from the concrete) and second at the end of dehgnziine
(see Fig. 3.c-d). Stresses in fiber along the piaeallel to fiber
axis in vicinity to interface with matrix (0.98 diber radius)
are shown In Fig. 3.d-e and in the matrix (r=1.02Rfig. 3.f.
At Fig. 3.e. (2D calculation) peaks on the linesifig from
left to right) corresponds to: a) fiber end in cate (small
peaks); b) beginning of delamination zone (middéaks) (
=25 x 7E-03 mm); c) outer surface of concrete block 8&=
x 7E-03 mm) (right peaks).

At the same time debond (cylindrical crack) is fegdto
grow corresponding to shear stress peak existinthernip of
debond crack (see fig. 3.e. and fig. 3.f).
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Fig. 3.a). Single glass fiber embedded into thecoete matrix. Fiber is
partially debonded and is pulling out by extermald
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Fig. 3.b). 3D finite element mesh for single gldiger embedded into the
concrete matrix and partial debond between them.
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Figure 3.c). Axial (in fiber direction) stress dibttion in partially debonded
glass fiber and concrete matrix.
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Fig. 3.d). Axial stress profile in the fiber (irb&r longitudinal direction) in
partially debonded glass fiber (in concrete mat{3f) calculation)
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Fig. 3. e). 2D calculation (axisymmetric). Stresgeshe fiber on the line
parallel to fiber direction (r=0.98R). Stress imiyection along the fiber Syy
(upper line), stress in x direction —direction ogbnal to fiber direction Sxx
(middle line) and shear stress Sxy (bottom line).
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Fig. 3.f). Shear stress profile in the concreterimgstresses in the matrix on
the line parallel to fiber direction (r=1.02R))time case of partially debonded
glass fiber (in concrete matrix).

In the framework of fiber pull-out scenario we hateee
options: first- fiber breaks at crossection coiiroid with
concrete block outer surface (this situation i# stmilar to
previously mentioned break without debonding); selediber
breaks at the end of debond zone in concrete blihild —
debond growth leading to increase of pulled oueffilpart
length; third- fiber is pulling out (with frictioat the interface
fiber/concrete matrix). Third possibility is reatig in two
cases: fiber breaks at debond zone end (secorss gieak at
Fig. 3.d, e.) and fiber end with friction is putlinout of
concrete. Debond zone is reaching all embedded i and
this part is pulling out of concrete. This possibilwas
investigated creating FEM model with contact eletsen
between fiber and matrix in debonded zone (see &i2D
model) and 5 ((3D model).
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Fig. 4. 2D Fiber sliding motion numerical model.tBeen fiber and matrix

are contact elements

Single glass fiber is pulling out, all of bondinghts are
lost, and then frictional sliding motion will staunder the
tension load to extract the fiber outside the cetematrix

(see Fig. 5.c.and Fig. 6.a-b.).
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Fig. 5 a-c. Third stage of single glass fiber mult- stage, where: a- finite
element 3D model, b- closed finite element model, axial stresses

distribution while frictional sliding motion

ll. EXPERIMENTAL VALIDATION

Obtained numerical results were validated by penéat
experimental tests (see Fig.7) for single glass earbon

fibers. Main fiber and matrix failure mechanisms reve

recognized. Single glass and carbon fibers wereedadx
into concrete matrix on the depth 10 mm and 20 fuiling
out such fibers for one part of samples fibers fait of
concrete. Fibers, in other samples, fail in coreceatd after
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Fig.6.a. Fiber sliding motion numerical model. Beén fiber and matrix are
contact elements. Tensile stress y component lfer filirection) in fiber and
matrix, during starting stage of fiber pulling auth friction.
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Fig. 6.b. Fiber sliding motion numerical model. Been fiber and matrix are
contact elements. Tensile stress y component lfer filirection) in fiber and
matrix during middle stage of fiber pulling out tvifriction

that were pulled out. Pulled out part of fiber h&vexceeded
1.5 mm. This mechanism directly corresponds to uit
scenario and was modeled by modendec.

During experiments were obtained two types of pmult
force —pulling out displacement curves shown in. FAgand
Fig. 9. One set of curves corresponds to the césiber
rupture out of concrete matrix (close to concretefese,
Fig.8). Another set of curves corresponds to thse caf
fiber/matrix debonding and fiber rupture inside ttancrete
block. After what fiber end with friction is pullgn out.
Experimental data comparison with numerical sinatat
allowed to obtain fiber critical length and fiber matrix.
Concrete mixes used in experiments were the sarnng/A2].
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Fig. 7.a. Single fiber pull-out test view

Fig. 7.b. Sample with embedded one glass fiberdwmgle fiber pull-out test
(common view)

Fig. 7.c. Sample with embedded one glass fibesifugle fiber pull-out test
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Fig. 8. Applied force (pulling out fiber) — gripsutual displacement curves
corresponding to the case of fiber rupture out afctete matrix (close to
concrete surface)
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Fig. 9. Applied force (pulling out fiber) — gripsutual displacement curves
corresponding to the case of fiber/matrix debondind fiber rupture inside
the concrete block. After what fiber end with fitet was pulled out

(horizontal part of post peak part of the curves)

Friction coefficient values (for tested couplessgldiber
concrete and carbon fiber-concrete) during pull-sliding
motion; for glass fibers it was in the range 0.188) for
carbon fibers 0.12-0.20.

IV. CONCLUSIONS

3D and 2D numerical investigations for non-metaltiass,
carbon) single fiber pull-out of concrete matrix reve
performed. Simulations results were compared wéttiggmed
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pull out experiments. Main fiber load bearing angture
mechanisms were recognized: a) fiber rupture owgbotrete;
b) debonding growth along interface fiber/matriy; ftoer
rupture close to the tip of cylindrical debond &rat concrete
and after that fiber end pulling out of concretetnmawith
friction. Comparison allowed obtaining numericalues for
micromechanical process- friction coefficients ofhe t
fiber/matrix interface during fiber sliding motiomith friction
out of concrete matrix.
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Andrejs Krasnikovs, Amjads Khabazs, Inese Telnova,Arturs Ma ¢anovskis, Jnis Klavins. Nemeilisko Skiedru (stikla, oglekla) izrauSanas
mikromehanikas (betona matrica) 3D skaitliska analize

Publikacija tiek aptikota stikla un oglela vienas Kiedras mikromefnika beto, radtie spriegumu mikrolauki un izrauSanas gaita dE@Sanas meimismiem
un izvilkSanas ainu. Veicokfdru izrauSanas eksperimentus, tika kogttatd procesadzes: a) elagga iedras un betona defoeSaris bez destruktiem
procesiem; b) cilindriskatshnojuma aug$ana, stajdt no betona virsmas un virzoties gaieslras un betona robezvirsmu; gjeflras gala nopana betonun
ta izvilk8ana ar berzi. Visiem trim posmiem tika imeti skaitliski (GEM) tis dimensioalie 3D moddi. Veicot skaitlisku modeéBanu 3D un 2D, noskaidroti
mehaniskie &loni tadam sabrukSanas veidam. Tika kor&satka galvenais THu& (betona ar makro-pla@m) betona slodzes neSanas mikroamems ir

Skiedru dagja parrausana un izvilkSana no betona.

Amnppeii KpacuunkoB, Amsan Xa6a3, Unece TeabnoBa, Apryp MauanoBckuii, SInuc KusiBunbm. YucienHoe 3D uccieqoBaHHe MUKPOMEXaHUKH

BblAepruBanus (M3 0ETOHHONH MATPHUIIbI) HEMETAJLIMYECKHX (CTEK/ISTHHBIX U Y

TJIEPOAHBIX) BOJOKOH

B pabore paccMOTpeHa MEKpPOMEXaHHKA KOPOTKHX CTEKJITHHBIX M YTOIBHBIX BOJIOKOH B OCTOHHOU MaTpuIle. McciaenoBanych JUHAMIKA BRITACKHBAHUS H OIS
HAIpPSDKEHUI BOKPYT OJHOIO BOJIOKHA BBITSTHBAEMOT0 M3 MATPHIIBI. BbIIH yCTaHOBJICHBI OCHOBHBIE ATAIIBI IIPOLIECCA: a) COBMECTHOE e(hOPMUPOBAHHE MATPHULIBI
1 BOJIOKHA; §) pocT oTcioeHus (LHIHHAPUYECKOil GOpMbI) MKy BOJOKHOM W MATPHIICH; B) pa3pbiB BOJIOKHA B GETOHE C MOCIEAYIOLIMM BbITACKUBaHHEM (C
TPEHHEM) OTOPBAHHOTO KOHIA u3 OeroHa. Ymcnennsie mozenn 3D u 2D ommceiBaromme Bce Tpu cragun (6asupyromecss Ha MKD) Obumn co3maHsl.
IIpoBesieHHOE YHCIEHHOE MOJEIHPOBAHKE IO3BOJIMIIO BBISICHATH NPHUYMHBI JOMHHHPOBAHHUS Pa3pyLICHUs MaTephana MEXaHW3MOM BBIICPIMBAHMS BOJIOKOH.
ITpoBe/ieHHBIH aHANHN3 BBIABHII POJIb OTACIBHBIX BOJIOKOH U OOBSICHUI X MOBEJICHNE B pacTpecKuBaroneMcs GpuopodeTone.
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