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Abstract. The analysis of the post-cracking behavior of a large plate cast of fiber concrete shows a large variability due
to the fiber alignment and dispersion. Therefore, one can expect, that the bending strength and other material parameters
depend on the position in the plate. This means that the position the samples for testing are taken from may play a
significant role in assessing the mechanical properties and strength of composite materials. Often, the investigation of
fiber concrete properties have been performed by testing small size beams. The results can be influenced by the boundary
restrictions, such as wall-effect, which influences the fiber distribution. In this study the four-point bending strength of
beams cut out of a large plate was investigated, the results represent the local strength of the plate in this particular place.
The fiber orientation and distribution have been evaluated by X-ray Computed Tomography and Image Analysis
Method. The results of the experiments have shown that the position of the beam inside of a large-size plate has a strong
influence on the mechanical properties and post-cracking behavior. The analysis of the obtained outcomes proposes the
following conclusions: the beams that were located near the edges of the formwork have shown a strong, strain-harden-
ing behavior, and the beams that were located on the way of the casting bucket (a zone of the high turbulence/perturba-
tion/disturbance) have shown a weak, strain-softening behavior.
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Introduction

In the modern building industry the majority of the fiber concrete applications are large structures, such as industrial
floor plates, sewer and tunnel linings. Fiber reinforced structures with a life span of several centuries could be a sig-
nificant benefit that reduces financial and environmental costs (Van Damme, 2018; Banthia, Bindiganavile, Jones, &
Novak, 2012). Thereby, it makes sense to investigate the mechanical properties and factors of improved strength of
the large plates with the size comparable with the real life structures. While most studies focus on small laboratory
samples, there have also been several studies have carried out experiments with large-size slabs and discussed the
effect of fiber distribution and orientation on the post peak behavior (Zerbino, Tobes, Bossio, & Giaccio, 2012; Zirgu-
lis, Svec, Geiker, Cwirzen, & Kanstad, 2016).

To increase the load-bearing capacity, reduce cracking formation and improve the tensile strength of large struc-
tures, short steel fibers can be inserted into a concrete matrix. Numerous studies have demonstrated advantages of short
fibers embedded in composite materials (Holschemacher, Mueller, & Ribakov, 2010; Laranjeira et al., 2012) compared
to materials without fibers. Due to the ability of fibers to bridge the cracks and prevent their growing, and by that,
ensure the durability and enhance the ductility of materials, many researchers have studied the properties of fibers and
confirmed their efficiency in practice.

According to previous research (Kostrzanowska-Siedlarz & Gotaszewski, 2016; Sebaibi, Benzerzour, & Abriak,
2014; Herrmann & Lees, 2016; Herrmann, Goidyk, & Braunbriick, 2019b), the main factors which are important to
take into account during the manufacturing process are:

—the mixing process (the constituents and proportions of the mixture, duration of the mixing process);

—the rheological properties of the obtained mixture (flow-ability, viscosity, homogeneous structure, segrega-
tion resistance);

—the casting process (pouring method: namely, the fixed casting position, or the casting point is moved in the
longitudinal direction; the velocity of the casting process; the intervention in the pouring process the casting
specialists in order to uniformly distribute and level the mixture in the formwork);
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—the geometry, size of the formwork and quality surface formwork (geometric wall-effect and roughness of
the surface).

All aforementioned factors largely influence the position and orientation of the fibers in the concrete mass and
thus, have an effect on the improvement of the mechanical properties of cementitious materials. Several scientists have
shown the importance of uniform spatial fiber distribution, increasing of fiber content and the impact of proper disper-
sion of fibers on the ultimate flexural strength (Kang, Lee, J. K. Kim, & Y. Y. Kim, 2011; Yoo, Yoon, & Banthia,
2015; Zhou & Uchida, 2017; Herrmann, Braunbriick, Tuisk, Goidyk, & Naar, 2019a; Eik, Puttonen, & Herrmann,
2016).

The orientation and distribution of the fibers have been estimated by numerous techniques: destructive and non-
destructive character. The most common destructive methods for fiber distribution assessment are the slicing method
with photometry (Eik et al., 2013), counting of the fibers on cuts (Gettu, Gardner, Saldivar, & Barragan, 2005), de-
structive method with fiber orientation and distribution acquisition by X-ray Tomography (Wuest et al., 2009). Gener-
ally, the destructive techniques require the cutting of the samples into smaller pieces.

As an alternative, the non-destructive methods are widely used for fiber distribution and orientation. Among them
the most popular techniques are X-ray Computed Tomography (Ponikiewski, Gotaszewski, Rudzki, & Bugdol, 2015;
Pastorelli & Herrmann, 2016), electric (Al-Mattarneh, 2014; Ozyurt, Mason, & Shah, 2006), magnetic (Faifer, Ot-
toboni, Toscani, & Ferrara, 2010; Ferrara et al., 2017). The main benefits of this group of methods are high efficiency,
safety, time-saving costs and accuracy.

In the present research, X-ray Computed Tomography is applied to estimate the fiber orientation and spatial
distribution, Acoustic Emission (Soulioti et al., 2009) method to detect the first crack appearance, Scanning Electron
Microscope to obtain the micro-structure of material and cohesion between cement matrix and fibers.

Experimental setup

During current experiments two large slabs with dimensions (LxWxH) 400 cmx100 cmx10 cm were cast, one of or-
dinary self-compacting concrete (SCC) and one of steel fiber reinforced self-compacting concrete (SFRSCC). For both
slabs the bucket moving in the longitudinal direction was used as the pouring method. After the casting, the slabs were
stored in the manufacturing hall for curing and hardening at room temperature. Hereinafter the hardened slabs were
cut into smaller beams. Specifically, from the slab of ordinary concrete 10 beams of dimensions 100 cm X 9.5 cm x
10 cm have been cut out and the slab of fiber concrete has been cut into 40 beams of size 100 cm % 9.5 cm % 10 cm. A
principal disposition of the specimens is depicted in Figure 1 and a detailed description of the experimental setup can
be found in (Herrmann, Goidyk, Naar, Tuisk, & Braunbriick, 2019c).
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Figure 1. Layout of the beam-cutting in the plates; image reproduced from (Herrmann et al., 2019c¢)

To analyze the difference between the mechanical properties of beams taken from different positions of a large
slab, 4-point bending tests were performed by using the universal hydraulic bending machine £UI00, as shown in
Figure 2. The testing beams were maintained with two roller supports on the distance of 90 cm, and 5 cm from each
supports to the edges of the specimens. The load was distributed through the load cell HBM Ul0M and two loading
points that were located at the distance 15 cm from the vertical axis of the load cell. To measure the vertical deflections
under the load two displacement transducers HBM W1/10mm-T were used. To record the experimental data and control
the testing procedure an HBM QuantumX MX840A universal measuring amplifier module and a laptop were used. To
collect and visualize the obtained data the CatmanEasy DAQ software was applied.
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Figure 2. The bending testing machine

The force-displacement curves that were obtained by the analysis of the data after the four-point bending tests of
the SFRSCC beams are presented in Figure 3.
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Figure 3. Force-displacement curves of the four-point bending tests for all fiber-beams;
image reproduced from (Herrmann et al., 2019c)

Results and conclusions

The SCC beams behaved brittle as expected with little variation of the maximum load and displacement. The diagram
for the SCC beams can be found in Herrmann et al. (2019¢). Figure 3 shows the force-displacement curves of the fourty
tested fiber-concrete beams, the curves show a large variability in the post-cracking behavior. The fibers introduced
some ductility to the concrete. However, the behavior range includes almost brittle, where the residual load-bearing
capacity drops to less than a quarter of the load at first crack, up to slightly strain-hardening, where the post-cracked
load-bearing reaches a peak that is higher than the load at first crack. Specifically, the beams taken from the edges of
the slab show mainly the strain-hardening behavior, where the maximum load is higher than the load at the first crack.
Whereas, the beams taken from the central positions on the way of the moving bucket, represent mainly the strain-
softening behavior, where the residual strength is only a quarter of the load at first crack.

To examine the influence of fiber orientation and distribution in the beams on the post-cracking behavior X-ray
Computed Tomography scanning of selected beams is being carried out. The correlation between fiber orientations
and post-cracking behavior will be obtained in the nearest investigations. Preliminary inspection of the edge beam
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scanned until now shows visually a very good alignment of the fibers in tensile stress direction in the bottom layer of
the plate, which has to cope with the highest tensile stress.
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