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Material Mix. 1 Mix. 2 Mix. 3
Cement(kg/m®) 435 435 435
Water (kg/m®) 170 170 170
Fine aggregate(kg/m®) 950 950 950
Coarse aggregate 6-12(kg/m®) 170 170 170
Coarse aggregate 12-25(kg/m®) 710 710 710
Super Plasticizer(kg/m®) 22 24 26
Polypropylene Fiber
(Fibrillated)(kg/m®) 5 - -
Polypropylene Fiber
(Monofilament)(kg/m®) 1 1 1
Steel Fiber(kg/m®) - 20 30
Silica Fume(kg/m®) 30 30 30
Slump Test(cm) 145 13 11
Strength of Compression after 5
hr(kg/cm?) 263 275 271
Strength of Compression after
7days(kg/cm?) 442 540 525
Strength of Compression after
28days(kg/cm?) 570 670 663
Strength of Splitting(Brazilian
Test) after 28days(kg/cm?) 351 39 445
Modulus of rupture(Bendung
Test) after 28days(kg/cm?) ~ 40.1 452 52.3
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Fiber-reinforced precast segment Summary

Fiber-reinforced concrete Many studies have been performed on fiber-reinforced segmental lining to
Water tunnel improve some of the weak material properties of the segmental lining. Fiber-
Golab Tunnel added reinforced concrete (FRC) applications have become widespread in

Tunnel lining areas such as tunnel shells, concrete sewer pipes, and slabs of large

industrial buildings. Use of the FRC in load-carrying members of buildings having conventional reinforced concrete
(RC) frames is also gaining popularity recently because of its positive contribution to both energy absorption capacity
and concrete strength. This study is focused on the mechanical properties of the designed structural steel fiber-
reinforced concrete (SFRC) materials, which are important for the capacity of the tunnel lining segments and their
damages during manipulation. Generally the segments are more loaded during tunnel lining installation (long term
load is lower). This study has been focused on SFRC with various types of fibers, such as steel fiber and synthetic fiber.
The use of fiber reinforced concrete for the Golab Tunnel segments has been examined. In this regard, for the highly
loaded big rings with high bending moments and normal forces, a high amount of bar reinforcement is necessary. In
this research, three types of fiber concrete have been selected, then 5 laboratory tests have been made to determine
their mechanical properties. In the next step, numerical analysis has been performed using SAP2000 and Abacus
software packages. Then, based on the results of numerical and experimental analyses, the third fiber reinforced
concrete has been determined as the most suitable one.

Introduction

This paper is focused on the mechanical properties of the designed structural steel fiber reinforced concrete (SFRC)
materials, which are important for the capacity of the tunnel lining segments and their damages during manipulation.
Generally the segments are more loaded during tunnel lining installation (long term load is lower). In this study, SFRC
samples with various types of fibers such as steel fiber and synthetic fiber are investigated. The use of fiber reinforced
concrete for the Golab Tunnel segments has been examined in this study.

Methodology and Approaches

In this paper, numerical and laboratory methods are used to test and fabricate fiber-reinforced segments. Numerical
methods using SAP2000 and Abacus software packages have been applied to analyze the loads on the tunnel, and for
laboratory methods, small scale tests, including BS-EN 12390-3, ASTM C496, ASTM C143, ASTM C1609, have been
employed to measure the behavior of fiber concrete.

Results and Conclusions
In this paper, investigation of mechanical parameters due to steam heating (this is related to polymer fibers sometimes
falling below 50 ° C), cost savings, better performance, better mechanical parameters, type of polymer fibers, low
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tensile strength of polymer fibers (according to ITA guidelines, minimum tensile strength of polymer fibers for use in
structures under load of 500 MPa), creep behavior of polymer fibers at ambient temperature and so on have been
carried out. Production of the fiber-reinforced segments has been started in December 2015. As a result of this study,

the advantages of the fiber-reinforced segments can be summarized as follows.

1. Sustainable cross-section after cracking that makes the fiber a structural element and improves structural behavior.
This feature often allows for the removal of a considerable part of the rebar reinforcement.

2. Tensile strength of the cross section is improved, depending on the amount of fiber used.

3. The shear strength of the cross-section against plain concrete improves somewhat depending on the amount of fiber

used.

4. Increase of resistance to dynamic loads, especially impact loads.
5. Significant increase in cross section resistance to crack opening by bridge mechanism on the crack (this feature
reduces permeability, and thus, increases cross section durability). Moreover, as the steel fibers limit the width of the

cracks, oxidation of the fibers and reinforcement in the cross section will be delayed.

6. Reduction of the number of large cracks (with high width) and prevention of lipping due to the presence of fibers in
all locations, even in the areas close to the surface of the segment surface.
7. Increase of energy absorption.

8. Increase of the resistance of fatigue.

9. Reduction of the amount of shrinkage and creep of concrete
10. Reduction of the amount of manpower required due to the need to not produce the cage or reduction of the weight

of the cage used in the segment.
10. Saving the equipment required by the segment plant for unnecessary or reduced welding, bending, and cutting of
reinforcement needed to produce the cage segment.




