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Fiber reinforced concrete in tunneling in segmental lining tunnels
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Adoption of FRC only solution
for durability problems

120 years of service life
Very high chloride exposure

Problems related to stray currents



Documents for FRC precast segment
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FRC & RC/FRC precast tunnel segments: case
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Hybrid vs FRC only solution

Tunnels could have different geotechnical conditions along
their development.

Even if a FRC only solution is proposed, in some parts of the
tunnel, the use of a hybrid solution can be convenient (e.g. cross
passage, shallow tunnels....) instead to increase the FRC
performance.

In general it is convenient do define a FRC that can cover the
great part of the tunnel and adopt and hybrid solution in the

remaining part.

Durability problems in hybrid solution with black steel cages



GFRP Rebars
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GFRP Rebars
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GFRP Rebars
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DESIGN AND TESTING OF PRECAST TUNNEL SEGMENT
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FRC + GFRP Rebars
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FRC + GFRP Rebars
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FRC + GFRP Rebars

BENDING TESTS TBM TESTS



BENDING TEST RESULTS
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BENDING TEST RESULTS

SFRC segment SFRC+GFRP segment
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Load [kN] 125 160 180 210 222 250 270
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TBM TEST RESULTS
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TBM TEST RESULTS
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APPLICATIONS?



TEST WITH GAP
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TEST WITH GAP
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TEST WITH GAP
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CONCLUSIONS

The results of bending tests, clearly show the synergic effects of the two materials
(fibers and GFRP reinforcement) by increasing the peak load and reducing the crack
width.

The results of the point load test confirm the effectiveness of the solution, since the
addition of the perimetric cage led to halve the crack width under the service load, and
to reduce it under the unblocking thrust force, and at the complete unloading,
respectively.

GFRP reinforcement can enhance the crack re-closure capacity when gaps are present
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