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Mini Review
The ever-growing construction sector is considered as one of 

the main propellers of economy, especially in developing coun-
tries. Tunnels are one of the vastly developed infrastructures 
in which public and private sectors build and invest for various 
purposes, e.g. transport, water supply, and so on. In this regard, 
approaches to increase feasibility and performance of tunnels are 
developed to meet specific requirements. Introduction and usage 
of fibrous materials to strengthen mortar matrix, i.e. primarily 
decrease crack development and propagation, dates back to cen-
turies ago [1]. In modern construction practice, fibers of different 
materials (steel, carbon, glass, polypropylene, …) are used to in-
crease the post-crack tensile strength and flexural properties of 
the concrete mortar [1-3], known as Fiber Reinforced Concrete 
(FRC). The design framework for fiber reinforced concrete struc-
tural elements are standardized and introduced in recent design 
codes and regulations [4-6].

The idea to use fibers as the main reinforcement mechanism 
in replacement of reinforcing bars in concrete segmental tunnels 
has been investigated in various research efforts [7-9] and prac-
ticed in numerous projects worldwide [9]. It has been shown that 
fibers improve both structural [10-12] and durability [13] of the 
segmental tunnel. Studies on the performance of FRC tunnels are 
mainly focused on loading conditions normally experienced from 
the tunnel assembly phase (e.g. TBM jack loads [14]) to the op-
erational phase (e.g. symmetric ground pressures, static water 
pressures, so on). Yet, in seismic regions, all structures should be  

 
specifically designed to withstand the earthquake loading effects 
in a reliable and feasible manner.

Underground tunnels have historically shown better per-
formance than above ground structures in a seismic event [15]. 
Despite this fact, slight to major damage scenarios has been re-
ported in underground tunnels in the aftermath of an earthquake 
[16,17]. This issue emphasizes the need to specifically investigate 
the structural behavior and response of FRC segmental tunnels 
for their reliable implementation in seismically active zones. In 
this regard, research on the seismic performance of FRC segmen-
tal tunnels has recently gained interest and significance. Jamshidi 
Avanaki et al. [18] investigated the seismic vulnerability of Steel 
FRC (SFRC) segmental tunnels under earthquake loadings using 
a performance-based approach. They initially conducted an ex-
perimental program to characterize various SFRC composites and 
obtain their mechanical properties. A macro and micro steel fiber 
was used to produce both hybrid [12,19,20] and non-hybrid SFRC 
mixes. The mechanical properties of the SFRC composites to devel-
op a soil-tunnel finite element model. The soil-tunnel system was 
subjected to various earthquake loadings, i.e. different earthquake 
records and seismic intensities. After introducing a novel damage 
index for segmental tunnels, the seismic performance of the tun-
nel was studied using numerically developed fragility curves [21]. 
They concluded that steel fibers, especially micro size fibers and 
for higher states of damage, display better seismic performance 
over conventional steel rebar in segmental lined tunnels. For best 
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performance, a hybrid SFRC mix containing both micro and macro 
fibers, with a higher content of microfibers over macro ones, is 
a technically preferable option for the design of segmental lining 
tunnels in seismic zones.

In another study by Jamshidi Avanaki et al. [22], the perfor-
mance of segmental joints, i.e. the joints connecting to adjacent 
segments in a ring, under seismic loads was studied. The results 
showed that the SFRC mixes enhance the seismic performance of 
the joint compared to plain concrete (no rebar) or traditionally 
reinforced (with rebar) concrete. Finally, equations were pro-
posed to estimate the joint’s moment demand/capacity ratio and 
rotational ductility for seismic design. In an experimental study 
by Xin et al. [23], a series of shaking table tests was conducted us-
ing scaled tunnel specimens with plain concrete, steel reinforced 
concrete and polypropylene FRC under increasing seismic inten-
sities loadings. Their results displayed the advantageous behavior 
of the polypropylene fiber to change the brittle behavior of plain 
concrete, change the damage patterns of reinforced concrete with 
rebar, reduction in the number of initial micro cracks, postpone 
the appearance of new cracks, prevent the propagation of macro 
cracks and relieve the stress concentration at the ends of fibers. 
In an effort to facilitate the seismic design of SFRC segmental 
tunnels, Jamshidi Avanaki [24] investigated the seismic ductility 
properties of such tunnels and derived R-factors for their seismic 
design.

Conclusion
The advantageous aspects of incorporating fibers in full or 

partial replacement of conventional rebar has been proven in 
many previous research efforts. Research conducted so far is fo-
cused on normal loading scenarios experienced in the lifespan of 
a tunnel. Yet, tunnels located in seismically active regions should 
be capable to perform in a favorable manner under earthquake 
effects. The seismic performance of FRC tunnels is a subject which 
despite recent efforts, requires much further research and inves-
tigation to ensure a safe and feasible design.
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