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Experimental Construction of Polyamide Fiber Reinforced Shotcrete Technology
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Abstract

Steel fiber reinforced shotcrete in tunneling construction has some problems in terms of
constructability, durability and lots of rebound wastage. In order to resolve these problems, this pater
proposes polyamide fiber reinforced shotcrete technology. And this paper presents the results of
experimental construction of the polyamide fiber reinforced shotcrete technology. The results of the study
are as follows.

1. The polyamide fiber reinforced shotcrete suggested in this paper shows outstanding mechanical
performance that meets various Korean tunnel construction design criteria.

2. In addition, the results of experimental constructions show that the polyamide fiber reinforced
shotcrete creates less rebound and wasted product than the steel fiber reinforced shotcrete.

Based on the above results, it is concluded that the polyamide fiber reinforced shotcrete technology
can be used as economical and environmentally friendly construction of tunnel.
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(b) Corrosion of steel fiber (c) Rebound of steel fiber

Fig. 1 Problems of steel fiber reinforced shotcrete
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Fig. 3 Dispenser coating of polyamide fiber

(a) Single shape

(b) Bonding shape
(photomicrograph)

Fig. 4 Polyamide fiber shapes
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Table 1 Mix design and experimental construction plan

Design strength at
Korean design codes
Specimen (MPa)

Design strength
(MPa) Slump Air

(mm) @) Test plans

Compressive Bending Compressive Bending

- Rebound of shotcrete

*
SFRS 21.0 4.5 24.48 4.5 100 20 | Compressive strength
- Bending strength
PFRS** 21.0 45 94.48 45 100 20 - Equivalent bending strength

- Toughness index

* SFRS : Steel fiber reinforced shotcrete
** PFRS : Polyamide fiber reinforced shotcrete

Table 2 Mix design table of shotcrete

Specimen Gmax W/C Sla Unit weight (kg/m®) Ad* Aa*
% % X% X%
(mm) (%) (%) W c S G o (Cx%) (Cx %)
SFRS 40 0.5 0.5
— 13 44.9 65.4 211 470 1054 566
PFRS 7 0.9 0.5

* F : Fiber, Ad : Superplasticizer, Aa : AE admixture

Table 3 Characteristics of fiber reinforcements

Fiber Density Length Diameter Aspect ratio Tensile strength
reinforcement (g/cm®) (mm) (mm) a/d (MPa)
Steel fiber 7.85 30.00 0.50 60.0 810
Polyamide fiber 1.14 30.04 0.49 61.3 666
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Table 4 Results of experimental construction (average values)

Compressive Bending Equivalent .
Shotcrete type strength strength bending strength Toughrtf/s)s index Rel(a‘;l)md
(MPa) (MPa) (MPa) 0 0
SFRS 46.66 5.45 4.04 74.2 -
PFRS 40.97 5.34 3.94 73.8 8.60

Table 5 Korean design codes for tunnel shotcrete

Items

Road design code
(2005)

Railroad design code
(201D

High-speed railroad
design code

Tunnel design code
(2007)

Compressive strength
(MPa)

10~ (1 day)
21~ (28 days)

10~ (1 day)
21~ (28 days)

10~ (1 day)
21~ (28 days)

10~ (1 day)
21~ (28 days)

Bending strength (MPa)

4.4~ (28 days)

4.5~ (28 days)

4.5~ (28 days)

4.5~ (28 days)

Equivalent bending

3.0~ (28 days)

3.0~ (28 days)

3.0~ (28 days)

strength (MPa)
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Fig. 6 Rebound test of shotcrete
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Fig. 7 Whole views of experimental construction for
polyamide fiber reinforced shotcrete
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Fig. 8 Compressive strength of fiber reinforced
shotcrete
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Bending strength (MPa)

Fig.

Equivalent Bending strength (MPa)

Fig.

@ fiber failure
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Steel Fiber Polyamide Fiber
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9 Bending strength of fiber reinforced shotcrete
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10 Equivalent bending strength of fiber
reinforced shotcrete
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Fig. 11 Failure mode of fiber reinforced shotcrete
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