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Abstract. Investigationof various dynamical natural and technical phenarierclosely connected with studying general
nonlinear phenomena characterizing the behaviatyohmical systems. In recent years much attentaanbeen paid to
studying new nonlinear effects which can be usedibno-technique, even in simple systems. Suchesysthappen to
have complicated dynamics which has not been studigficiently yet. Fiber concrete beam failure afs can be
observered as rare phenomena because of existérnomsiderable dispersion of strength. The aimhi§ paper is to
obtain function described stiffness of fiber coterdeeam in the first stage (beam without crack) anubst-cracking stage
(beam with crack).
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1. Introduction and the distance between symmetrically applied doad
Lp=15cm. The main aim of the proposed model is to
Adding fibers to concrete we can expectpredict crack mouth opening displacemedt(crack is

additional benefits and safety improvements: ineeea starting from the notch) depending on applied bempdi

stiffness, flexural and tensile strength, impaststance, as |, qp simultaneously obtaining load — prism upper
well as post-cracking stiffness. The use of stéme$ in ¢ 500 midpoint vertical deflection curves.

concrete instead of traditional reinforcement isdieial
mostly due to simpler casting procedure. Technokdby
it is rather difficult to distribute a large conteof steel
fibres into the concrete mix because it negatiafects
the workability. Therefore for the aim of good wability 600
of the mix, steel fibres are limited both by theiaximal 500 1
content and length. So follows types of steel bhave |00 -

been used for specimens — straight fibres, fibrigs ®nd 300 -
hooks (Dramix), and corrugated form fibres (Tabix). 200 |
For traditionally reinforced concrete structures th

post cracking behaviour is based on tensile sthengt 102 —
mechanism (of steel reinforcement rebars) for sfibet 0 5 10 15 20 25 A mrr 30
reinforced concrete (SFRC) structures it is thel-put :
mechanism of steel fibres that determines the lsating  Fig. 1. The pull-out process of different form steel fiber
capacity of the cracked material. Therefore important ——— - Straight fiber;

to perform a detailed micro-mechanical investigatiof - Dramix fiber;

fibre pull-out process in order to understand and - Tabix fiber.

characterise the behaviour and crack propagati@FHRC
structural elements. The investigation of pull-out
mechanism for different type of steel fibres wasfqened
for three types (with different geometrical form).

goo PN

700 -

Increasing the load is applied to the beam the
cracking process is starting. Micro cracks are gngvand
linking forming large cracks till the moment theneoor
more macro crack (in our case crack was started fhe
notch) is crossing whole tensioned part of the beam
crossection. After the formation of the crack tleasile
load is still transferred through the crack by fihees (the
bridging effect). Because the fibres are beingguubut of
the concrete matrix the ability of the SFRC beancdoy

2. Principles of the proposed model

Experimentally obtained pull-out laws (see Fig.1)
were used as the main input data for a newly pregpos
model [1-3] with the goal to predict linear and Aoear . . :
behaviour of SFRC beams under bending loads. Beame applied 'O?d in the pos_t-crackmg state pu_cﬁpends

on the capacity of fibres in broken crossectioncéory

subjected to four point bending is observed instuely as I loads. At th b ¢ fib
shown in Fig.2. SFRC beams with dimension 15x15xe@U/-out loads. At the same moment number of fibres
rossing the crack surface is depending on fibreme

cm were cutted by diamond saw at the depth of 1 ¢ . ' ;
raction in the material. According to the pull-ozurves,

forming the notch on the bottom side of each beahe . .
span length between underneath beam suppgrs0Lcm were obtained, it follows that only for very smeédllues of
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o fibre resistance is increasing (especially forightaand Lp
Dramix fibres), and after reaching the maximal ea{see. P2 P12
Fig.1.), fibre resistance to withstand pull-outdeastarts to
decrease and thus decreases the load bearing tyaphci
the whole beam’s broken crossection.

In the model the behaviour of SFRC beam was h H
simulated by calculating internally existing loadabing
value of each fiber crossing the crack (using fitise
experimentally measured pull-out curve), depending

crack opening valubI at the location of this particular
fiber (see Fig.5.). Firstly, it was assumed that tbtal Ls

crack height is constant regardless of size of direck _ _ _ _
) ) ] . Fig. 2. Fiber concrete beam under the four point bendisg t
opening); . This assumption was based on and determined

from experimental testing results of SFRC beams
performed parallel to this parametric study. Thusvas
found acceptable for the crack height being assuecgl

to 0,8 of the total beam cross-section heibht As it can
be seen from Fig. 3 the crack surfaces have besmes
as a plane therefore the local crack openh@an be
simply geometrically determined from corresponding
maximal crack opening; .

The procedure of modelling beam behaviour in bemdin
was performed according to step sequence, with the

maximal crack opening); values within the range from

d

0.2 to 6 mm with the step 0.2 mm. Fig. 3. Scheme of internal forces and moments formedkarfi
At each step i” with the corresponding maximal Cconcrete beam at post-cracking stage
crack opening); , firstly the local crack openind is Now the internal force transferred through the krac
calculated as a function of distarige: can be calculated. From the pull-out curves theeq,;
corresponding to a particular crack openipgcan be
bi = f(yn) determined all along the crack height as schenitica

depicted at Fig.3. As it can be seen in the figtire

As the local crack openingb, is known at each internal forcep,; was calculated at corresponding value of

) coordinatey,,.
distancey, , the force P; transferred through the crack

can be calculated by using previously obtainedefipull- Pni = f(3/n’5i)

out laws. However, this is the point when the festof From the calculated values of internal forggs resulting
fiore embedded length, fibre volume fractMp, fibre  pending momeniM; can be determined corresponding to
orientation anglec (to the crack’s surface) should be €ach crack opening valué;. According to accepted
evaluated, thus referring to actual propertieefraterial modelling assumptions it follows that:

observed. The volume fractiov; of each fibre type could m
M =>2-p,-(08H-y,)
n=1

be easily determined from corresponding fibre weigh

fractionW; . Further, number of each type of fibers on one _ . .
When the internal bending moment value is knowe, th

crack's surface was determined, as the averagee fibr :

. , -2 corresponding external forde can be calculated from the
amount crossing the crack plane with chaotic fibers™ ™" _ )
orientation and embedded length distributions (rfinge €quilibrium relations according to the scheme @ig
results were compared with performed direct expenital P (5|) —2.M i /L

measurements). The influence of fibre type, fractind
orientation actually can be summarized within oneyhere L is the span length of the beam. Relation of

coefficient, which in this case is defined as fitaetork, :  externally applied load®® as a function of crack opening
> displacement is thus obtained at each step and can be
ki,=—="1(,d,V,,a) represented graphically. The forcP represents total
3 force applied to the beam that is divided in two
where 2/3 — is correction coefficient. symmetrical forces as shown in Fig. 3. To run the
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algorithms of the model, computer software was|,, s mp:
elaborated.

3. Modélling results, comparison with experiments 14|

As it was described previously, the proposed | |
model was applied for behaviour prediction of fiber | |
concrete with various fibre concentrations. In tb&se
fiber concrete with follow fibre concentration sied:
Tabix L=60 mm, d=1 mm, content 139 kg/nDramix
L=30 mm, d=0.54 mm, content 18 kg/nStraight L=13 2 8, mir
mm, d=0.16 mm, content 33 kgimStraight L=6 mm, 0
d=0.16 mm, content 33 kg/mn

To evaluate the validity of the proposed model, Fig- 4. Function of the fiber concrete peam StiffneeGm— -
parallel experimental testing was performed acegrdp ~ ©XPerimental curve, a—s— - theoretical curve
the same loading conditions as for modelling. Fg.
represents modelling results also being comparéil the o M;i ' ' ' ' '
experimental data. '

Fig. 5 represents the approximation result of
proposed model. Till the formation of the crack lwonly
concrete of the beam, therefore the first zonain€fion of X
the beam stiffness is straight line. In this zome aterial
is elastic and general parameter is modulus ofieitysE, )
what is equal 20GPa. After the formation of theckrthe
tensile load is still transferred through the crdmk the
fibres (the bridging effect). Because the fibres Being
pulled out of the concrete matrix the ability oktfiber . . . . .
concrete beam to carry the applied load in the -post 0 1 2 3 4
cracking state purely depends on the capacityloédi in
broken crossection to carry pull-out loads. Accogdio
the pull-out curves, were obtained, it follows tloaty for
very small values ob fibre resistance is increasing, and
after reaching the maximal value (see. Fig.1.)refib
resistance to withstand pull-out loads starts trekse and
thus decreases the load bearing capacity of thelewho
beam’s broken crossection.

Beams bending technical theory can be used for-dete
mination of beam displacements.

0 1 2 3 4 5 6

55, mm ©

Fig. 5. Approximation of function of the fiber concretedne
stiffness

4, Conclusions

1.Proposed post-cracking behaviour prediction nuetho
proved to be in a good agreement with the average
experimentally obtained fiber concrete beam bentisg
results.

2.Good agreement to the experimental results cosfthat
the main non-linear micro-mechanisms have been

62y 62y successfully comprehended and evaluated.
E‘]_2= —Z =M 3.Approximation of function of the fiber concretedm
OX OX stiffness was obtained.
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A=a,+ad+a,0”> =107 + 346 — 0457
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