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With an increasing interest in the environmental issues, a variety of studies have been
carried out to improve the sustainability of concrete pavements [1]. Use of structural fibers
in pavement applications is one of the methods proposed to improve the carbon footprint
of concrete pavements. As the fibers allow to produce concrete pavements with lower
thickness and without conventional rebars [2] (which means lower use of materials), by
increasing the cracking resistance, and flexural performance of concrete. However, the
number of studies that numerically presents the benefit that could be obtained from macro
fibers are still limited. This study has been carried out to examine how the use of polypro-
pylene (embossed, 40 mm) fibers in varying amounts (0.25 — 0.50 — 0.75 — 1.00 %vol.)
change the required thickness, cost, and environmental impact (CO2 emission) of concrete
pavements. Selection of polypropylene fiber among its alternatives (steel, glass, carbon,
etc.) was done by considering their common usage in slab-on-ground applications, which
is due to their various advantages, such as ease of handling, competitive cost, and corro-
sion free nature.

To achieve the aim of the study, first an experimental study was conducted to deter-
mine the mechanical performance (compressive strength, modulus of elasticity, and flex-
ural performance) of concrete mixtures with and without fibers. Then, thickness design
for a sample road was done (according to IRC 58 [3]) by using the experimentally obtained
material parameters, and specified thickness values were used to determine the amount
of material (aggregate, cement, water, super-plasticizer, fiber) required to produce 1 m?
pavement. In the last part, by using the amount of required materials and cost / CO2 emis-
sion of unit products, cost and CO2 emission values were determined for each of the con-
sidered mixtures (for 1 m? pavement construction).

Based on the mechanical test results, used fibers did not considerably change the
compressive strength, modulus of elasticity, and flexural strength of concrete mixtures.
However, considerable improvements in the post cracking flexural performance were ob-
tained for the fiber reinforced concrete (FRC) mixtures depending on the amount of fiber
used. Despite the increasing cost (13.9 - 51.3 - 85.5 - 111.5 % increase for 0.25 - 0.50 — 0.75
—1.00 %vol., respectively), decreased thickness requirements (5.2 - 9.6 - 14.0 - 19.7 % re-
duction for 0.25 — 0.50 — 0.75 — 1.00 %vol., respectively) and CO: emissions (8.3 -9.9 - 11.6
- 15.1 % reduction for 0.25 — 0.50 — 0.75 — 1.00 %vol., respectively) were found for FRC
mixtures compared to the plain one. Based on the results, despite the decrease in thickness
requirement and CO: emission, material cost increases with increasing polypropylene fi-
ber amount. It is worth noting here that the presented results are valid for the fibers used
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in this study, and use of different fiber types (with different raw materials (e.g. recycled
fibers), surface properties, lengths, aspect ratios, etc.) might alter the results in varying
amounts.

Funding: This research received no external funding.

Acknowledgments: In this section, you can acknowledge any support given which is not covered
by the author contribution or funding sections. This may include administrative and technical sup-
port, or donations in kind (e.g., materials used for experiments).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Ozturk, O,; Yildirim, H.; Ozyurt, N.; Ozturan, T. Evaluation of mechanical properties and structural behaviour of concrete
pavements produced with virgin and recycled aggregates: an experimental and numerical study. Int. J. Pavement Eng. 2022.

2. Ozturk, O.; Menekse, F.; Ozyurt, N. Usage of Fiber Reinforcement for Concrete Pavement Applications and Implication of Fiber
Reinforcement to the Thickness Design. International Conference on Cement-Based Materials Tailored for a Sustainable Future-
(CBMT). Istanbul, Turkey. 2021.

3. Indian Roads Congress. Guidelines for the design of plain jointed rigid pavements for highways (IRC 58). New Delhi, India,

June 2015, Fourth revision.

B W N =

10

11
12
13
14
15
16
17



