
Mechanical damage analysis of polymer fiber
reinforced concrete in low vacuum
environments
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FAYETTEVILLE, GA, UNITED STATES,

September 28, 2025 /

EINPresswire.com/ -- A study published

in Journal of Railway Science and

Technology developed a class of

polymer fiber-reinforced concrete that

mitigates brittle behavior under low

vacuum conditions. Using acoustic

emission techniques, the research

examined how low vacuum

environments, fiber type, fiber content,

and coarse aggregates affect the

mechanical properties of two fiber-

reinforced concretes, identifying an

optimal material combination. 

Low vacuum environment engineering

has received considerable attention

due to its vast applications in fields

such as ultra-high-speed

transportation, aerospace technology, and cutting-edge physics experiments. Concrete, as the

most widely used construction material globally, remains an ideal material for constructing ultra-

high-speed low vacuum pipelines and space bases. In harsh low vacuum environments, however,

concrete faces challenges such as rapid dehydration, increased brittleness, drying shrinkage

cracking, and diminished durability. Hence, there is a need to develop a new type of concrete

with high toughness and anti-cracking to ensure the long-term safe service of infrastructure.

“Polymer fibers possess advantages such as non-magnetic properties, low density, high

toughness, and resistance to corrosion, which makes them a potential ideal material for

structures operating in low-vacuum service environments” notes Long Guangcheng, a Professor

at the Materials Research Institute of the School of Civil Engineering, Central South University.

“Therefore, conducting research on the service performance of polymer fiber reinforced

concrete in low vacuum environments is highly significant.”

http://www.einpresswire.com
https://doi.org/10.1016/j.jrst.2025.07.002


In a study published in the Journal of Railway Science and Technology, Long and his team

employed the particle dense packing theory to design a type of polymer fiber reinforced

concrete.

“We investigated its mechanical properties under low vacuum conditions and compared them

with those under normal atmospheric pressure,” shares Long. “By combining acoustic emission

techniques with SEM imaging, we further found mechanical damage characteristics of the

concrete, as well as the mechanisms by which the polymer fibers function.”

The team’s findings indicate that by leveraging the high strength and high elastic modulus of

polyethylene fibers along with the confinement properties of coarse aggregates, the mechanical

performance of the concrete under low vacuum conditions can be effectively improved.

“Future research could focus on optimizing the design of the matrix—fiber—aggregate network

system to achieve both performance and cost benefits,” says first author Zhaofei Long.
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