™

Check for
updates

Study on the Influence of Fibers on the Strength of
Cement-Based Materials

Huicong Peng?, Dongze Li®*, Qingwei Sun®
Liaoning Technical University, Fuxin, China

©2645959990@qqg.com, *ldz best@sina.com, ©15386950@qqg.com,
*Corresponding author

Abstract. To understand the influence mechanism of basalt fiber (BF) on the
strength of cement-based materials (CBM), we conducted a study examining the
effects of BF with different lengths on the strength of CBM through indoor sin-
gle-factor tests and microscopic techniques. Our findings reveal that when the
length of BF is 6 mm, both the flexural and compressive strengths of fiber-rein-
forced concrete reach their maximum. Specifically, the 28-day strength of the
BF-CBM specimens is 39.20% and 9.25% higher than that of ordinary Portland
cement specimens, respectively. Under bending loads, the BF-CBM specimen
demonstrates that BF absorbs a significant amount of energy, thereby preventing
further crack propagation within the CBM matrix. This indicates that BF not only
reinforces the CBM but also serves as a truss-like structure for hydration prod-
ucts, effectively enhancing the interfacial strength and compactness between the
BF and the surrounding matrix.Overall, the results indicate that the addition of
BF to CBM can lead to a slight increase in compressive strength while signifi-
cantly enhancing flexural strength.
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1 Introduction

Cement-based materials (CBM) are widely used in construction, roads, bridges, and
other fields ", Their performance and application range are continually evolving with
advancements in science and technology and changes in social demand. CBM is often
utilized for bonding and plastering walls, as well as for thermal insulation in buildings.
Additionally, CBM possesses various special functions, including sound absorption,
water resistance, crack resistance, and repair capabilities.

However, despite significant progress in the research and application of CBM, sev-
eral issues still require further investigation. The high brittleness of CBM makes it sus-
ceptible to breaking under impact or heavy loads, which limits its application range in
engineering to some extent.

To enhance the overall toughness of CBM, fiber reinforcement technology is
adopted in engineering, commonly using materials such as glass fiber [ steel fiber [*,
polypropylene fiber [4, carbon fiber 2], and basalt fiber (BF) ¥, Compared to other
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fibers, basalt fiber (BF) has an environmentally friendly preparation process and supe-
rior mechanical properties. Numerous studies have shown ! that BF is a new type of
high-performance inorganic silicate fiber with excellent physical and chemical proper-
ties. When mixed with CBM at appropriate lengths and yields, BF exhibits good dis-
persion and compatibility, effectively improving the mechanical properties of the ma-
terial and enhancing the overall toughness of CBM, particularly in terms of flexural
strength, tensile strength, and splitting strength [/,

In summary, the application of BF in CBM can significantly enhance the mechanical
properties and performance of CBM™®l. Therefore, this study investigates the bending
strength and compressive strength of CBM with varying BF lengths through single-
factor tests. Combined with electron microscopy (EM) and scanning electron micros-
copy (SEM) techniques for microstructure characterization, the study analyzes the in-
fluence mechanism of BF on the physical and chemical characteristics of CBM during
the hydration process'®]. The research findings provide a scientific basis for the prepa-
ration of green CBM and reference value for improving traditional CBM and develop-
ing new types of CBM.

2 Materials and Methods

2.1 Experimental Material

Ordinary Portland Cement (OPC) was used in the experiment and purchased from a
cement factory in Fuxin City. The basalt fiber is produced by Changsh (see Figure 1),
and its physical properties are shown in Table 1.

Table 1. Performance indicators of BF

Leneth/mm Diame- Den- Tensile Elasticity mod- Elonga-
gt ter/um sity/g/em? strength/MPa ulus/GPa tion/%
3/6/9/12/15 16 2.66 3300 ~ 4600 90 ~ 110 2.5~3.1

(XY LX)

Fig. 1. BF of different lengths: (a)3 mm; (b)6 mm; (¢)9 mm; (d)12 mm; (e)15 mm

2.2 Experimental Method

To investigate the effect of basalt fiber (BF) length on the mechanical properties of
cement-based materials (CBM), the water-to-binder ratio (W/B) was fixed at 0.5, the
BF yield strength was set at 0.2%, and the BF length was varied as the experimental
variable. The bending and compressive strengths of the BF-enhanced cement-based



Study on the Influence of Fibers on the Strength 365

materials were examined. Based on the analysis results, a series of microscopic exper-
iments were conducted to further analyze the impact of BF addition on CBM.

The mix design of cement-based materials incorporating BF is shown in Table 2.
The pure cement slurry serves as the control group (1-0), while the cement-based ma-
terials with BF are categorized into groups 1-1 to 1-5, corresponding to different BF
lengths. This setup allows for the study of how varying BF lengths influence the me-
chanical properties of cement-based materials. The basalt fiber-reinforced cement-
based materials are referred to as BF-CBM.

Table 2. The ratio design of BF-CBM

Types Contrast BF-CBM
Number 1-0 -1 12 13 14 15
w/b 0.5 0.5 05 05 05 05
BF content/% - 02 02 02 02 02
BF length/mm — 3 6 9 12 15

3 Results and Discussion

3.1 Effect of BF on the Strength of CBM
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Fig. 2. Flexural strength and compressive strength of BF-CBM: (a) flexural strength; (b) Com-
pressive strength

The flexural and compressive strengths of BF-CBM are shown in Figure 2. As the
length of BF increased from 3 mm to 15 mm, both the bending and compressive
strengths of BF-CBM initially increased and then decreased, with a maximum strength
observed at a certain BF length. Compared to CBM made with OPC, the 28-day speci-
mens of BF-CBM exhibited an increase in compressive strength by 9.25% and a sig-
nificant improvement in bending strength by 39.20%. However, further increasing the
length of BF has a detrimental effect, resulting in reduced strength. Additionally, BF
has a more pronounced effect on the flexural strength of CBM compared to its com-
pressive strength. This is because BF can absorb part of the tensile stress under bending
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loads, slow down crack propagation, and thereby significantly enhance the flexural
strength.

After the flexural strength test of BF-CBM specimens, the in-situ damage conditions
of BF-CBM specimens with different BF lengths and the pictures after gray scale pro-
cessing are shown in Fig. 3. From this, we can see that compared with CBM specimens
with OPC, BF-CBM specimens added with BF can maintain better failure forms when
reaching flexural yield strength. The failure cracks displayed by the specimen are more
small and regular, and the specimen is not easy to be directly disconnected. Among
them, the BF-CBM with 6mm BF has the smallest crack and is close to a straight line.
As shown in the figure, the addition of BF significantly improves the flexural perfor-
mance of CBM.

Fig. 3. BF-CBM after flexural strength test: (a)0-1; (b)2-1; (¢)2-2; (d)2-3; (e)2-4; (f)2-5

3.2 EM and SEM Analysis of BF-CBM

The EM and SEM images of the BF-CBM sample with 6mm BF added are shown in
Figures 4 and 5, respectively. As observed in Figure 4, BF, as a reinforcement material,
exhibits an irregular directional distribution within the CBM matrix; however, its over-
all distribution is relatively uniform. Furthermore, due to the inherent stability of BF, it
can maintain a straight orientation under bending loads without bending.

Combining this with Figure 5, it is evident that BF is a cylindrical rod-like structure
that is firmly embedded in the CBM matrix. Additionally, the hydration products of the
gelled material adhere to the surface of the BF, increasing the effective contact area and
significantly enhancing the interfacial strength between BF and the surrounding mate-
rials. The irregular distribution of BF not only contributes to the stiffening function of
CBM but also acts as a truss for the hydration products, thereby improving the com-
pactness between BF and the materials. This is the primary reason for the higher flex-
ural strength of BF-CBM. This observation clearly demonstrates that BF plays a crucial
role in enhancing the toughness of CBM materials.
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Fig. 5. SEM image of BF in CBM (2kx)

4 Conclusion

In this paper, bending strength tests, compressive strength tests, as well as EM and SEM
analyses are conducted to investigate the influence of BF length on the strength of CBM
and to elucidate the mechanisms by which BF affects the physicochemical evolution of
CBM during the hydration process. The specific conclusions are as follows:

(1) As the length of BF increased from 3mm to 15mm, the flexural strength and
compressive strength of BF-CBM exhibited a trend of initially increasing and then de-
creasing. The maximum values for both flexural strength and compressive strength
were observed when the length of BF was 6mm. Compared to ordinary concrete CBM,
the compressive strength and flexural strength of the 28-day specimens increased by
9.25% and 39.20%, respectively.

(2) When BF-CBM specimens are subjected to bending loads, the BF either pulls
out of the matrix or breaks to bear the load, absorbing a significant amount of energy
that would otherwise be taken up by the CBM. This mechanism enhances the crack
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resistance of CBM, thereby improving its flexural strength. Additionally, through rela-
tive slip between the BF and the CBM matrix, when the CBM matrix develops cracks,
the BF can bridge across these cracks. This action plays a crucial role in preventing
further cracking and facilitating energy dissipation, ultimately inhibiting the expansion
of cracks in the specimen.

(3) Electron microscopy and SEM analyses reveal that BF, as a reinforcing material,
is evenly distributed within the CBM matrix, albeit with an irregular directional distri-
bution. BF not only serves a reinforcement function for CBM but also acts as a truss
for the hydration products, enhancing the interfacial strength and compactness between
BF-CBM and the surrounding materials. This interplay contributes to the high flexural
strength of BF-CBM.

The primary aim of this study is to explore the mechanism by which basalt fiber (BF)
influences cement-based materials (CBM). In subsequent research, the author plans to
investigate practical engineering applications for preparing high-performance CBM
composite materials.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
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The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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