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Effect of Steel-fiber Distribution on Flexural Strength and Toughness
of Shotcrete-mimicked Concrete Specimen

ukoA A Park, Sung-Sik
2 A F Kim, Sang-Jung
Abstract

A 5-20 cm thick shocrete has been routinely constructed for NATM tunneling method to stabilize and confine the

? of steel fibers are usually mixed into such shotcrete but these

excavated rock of tunnel construction site. A 40 kg/m
steel fibers may not be evenly distributed depending on shotcrete machines, mixing ratios and excavated rock conditions.
In this study, square column shotcrete-mimicked concrete specimens of 15 cm X 15 cm x 55 cm were prepared with
5 equal layers and 5 or 20% cement ratio. The specimens were prepared with different reinforced- patterns: non-
reinforced, middle layer-reinforced, 1, 3, and 5 layers-reinforced, or all layers reinforced. The specimens were air-cured
for 7 days and tested for flexural strength. The influence of steel-fiber distribution on flexural strength and toughness
of shotcrete-mimicked concrete specimens was investigated. In the case of a specimen with cement ratio of 20%, a
flexural strength increased as a number of fiber-reinforced layer increased. The flexural strength of one-layer reinforced
specimen showed 20% less than that of evenly fiber-distributed specimen. On the other hand, a specimen with cement
ratio of 5% decreased as the number of fiber-reinforced layers increased. A toughness index increased as the number
of fiber-reinforced layers increased, regardless of cement ratios. The toughness index of evenly fiber-distributed specimen

showed 2-3 times as large as that of one-layer reinforced specimen.
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Fig. 1. Schematic diagram of test setup for flexural strength
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Fig. 2. Steel fibers: before and after separation, shape of single fiber
Table 1. Shotcrete mixing design
) Max size ) Material per 1 m® concrete
Design of coarse | Slump Al Fi C S Steel
strength content ine oarse uper= ee
aggregate Water Cement aggregate aggregate plasticizer fiber
MPa mm mm % kg/m?® kg/m?® kg/m® kg/m?® kg/m®
4.5 10 80 2.5 218 943 654 4.77 40
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Fig. 3. Test specimens: before and after preparation
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Fig. 4. Reinforcement types of steel fibers
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Fig. 5. Stress-displacement curves of specimens with cement ratio 5%

Table 2. Results of flexural strength tests on specimens with cement ratio 5%

Specimen Reinforced Total fiber Layer fiber Flexural strength | Mean flexural Toughness Mean Toughness
P layer ratio (%) ratio (%) (MPa) strength (MPa) index (%) index (%)
A-0a } } ] 0.107 4.9

Ee—— No fiber No fiber No fiber 0.109 4.6
A-0b 0.111 4.3
A-la 0.089 9.3

EEE— Layer 3 0.20 0.20 0.107 9.7
A-1b 0.124 10.1
A-3a 0.087 27.7

—— Layer 1, 3, 5 0.60 0.20 0.099 29.2
A-3b 0.110 30.7
A-5a 0.017 34.8

—  All layers 1.00 0.20 0.020 32.5
A-5b 0.022 30.3
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(a) Layer 3 reinforced (b) Layer 1,3,5 reinforced (c) All layers reinforced

Fig. 9. Specimens before and after testing
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Table 3. Results of flexural strength tests on specimens with cement ratio 20%

Soecimen Reinforced Total fiber | Layer fiber |Flexural strength| Mean flexural Toughness | Mean Toughness
P layer ratio (%) ratio (%) (MPa) strength (MPa) | index (%) index (%)

N-0a 0.969 5.9

No fiber No fiber No fiber No fiber 1.022 6.3
N-0b 1.075 6.7
L-1a 1.013 25.6

Layer 3 0.20 0.20 1.049 25.2
L-1b 1.085 24.7
L-3a 1.168 35.1

L series Layer 1, 3, 5 0.60 0.20 1.166 37.2
L-3b 1.164 39.3
L—-5a 1.444 53.9

All layers 1.00 0.20 1.399 51.7
L—5b 1.355 49.5
T-1a 1.107 29.3

Layer 3 1.00 1.00 1.168 28.5
T-1b 1.229 27.7
T-3a 1.220 42.2

T series Layer 1, 3, 5 1.00 0.33 1.242 40.5
T-3b 1.263 38.7
T—ba 1.433 51.3

All layers 1.00 0.20 1.445 53.3
T-5b 1.457 55.2
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