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ABSTRACT
Received: December 16, 2019 Even though shotcrete is a main support for securing the stability of tunnel, the performance
Revised: December 24, 2019 of shotcrete is not properly checked due to various difficulties arisen from the characteristics of

materials themselves which constitute shotcrete, such as steel fibers and accelerators, and the
on-site quality control. In this study, the actual conditions of shotcrete applied to expressway
tunnel construction sites were tried to find out, and then some improvement was tried to
derive. For this purpose, the characteristics of steel fibers and accelerators supplied to the
expressway construction sites were investigated. Also, shotcrete specimens were prepared at
the tunnel sites and performance tests were carried out. For steel fiber, domestic production
states were investigated, and carbon content and tensile strength were measured using the
steel fibers collected in the construction sites. For three types of accelerators such as aluminate,
cement mineral and alkali-free, basic properties and total amount of alkali contents were
analyzed. Shotcrete specimens were prepared using on-site shotcrete machine with regard to
mix designs and types of accelerators. Using these specimens, uniaxial compression tests and
flexural tests were performed. As the results, compressive strength, flexural strength, flexural
toughness, and etc. were compared with types of acclerators and mix designs.
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Table 1. Chemical composition of SWRM6 (KS code)

Steel type C Mn P S
SWRM6 < 0.08% < 0.60% < 0.040% < 0.040%
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(a) Before test (b) After test
Fig. 1. Tensile strength test for steel fiber

TUNNEL & UNDERGROUND SPACE Vol. 29, No. 6, 2019



Comparison of the Characteristics of Mix Design and the Performance of Shotcrete Used in Expressway Tunnel Construction Sites ¢ 535

—A4 —E4
—AS —ES5
E6
E7
E8
E9
—E10

o N e
Y

%\ —A3 —E3
7

N

0 0.5 1 15 2 25 3 ° 05 1 15 2
Displacement (mm) Displacement (mm)
(a) Sample A (b) Sample E

Fig. 2. Load - displacement curves obtained in tensile tests for steel fibers

Table 2. Results of tensile strength tests for steel fibers

o. Sample A B C D E F
1 1,020 1,060 1,120 960 1,088 960
2 1,167 1,000 988 951 945 879
3 1,026 937 953 989 1,031 993
4 1,044 1,236 1,085 1,081 1,021 938
. 5 920 994 965 970 941 956
;f:;;i 6 955 975 1,082 985 1,071 986
(MPa) 7 1,065 953 1,042 992 983 1,041
8 1,041 1,101 1,007 1,039 986 969
9 1,073 1,008 921 1,027 954 909
10 1,002 883 1,082 964 928 861
Average 1,031 1,015 1,024 966 995 949
Standard deviation 67 99 67 41 56 54
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Table 3. Alkali content of 3 types of accelerating materials

Type of accelerator Equivalent alkali content (%) Remarks
Alkali fi A 0.69 Liquid
ali free iqui e
AF-2 0.52 quénp
Aluminat AL-1 213 Liouid
uminate iqui e
AL-2 219 quénp
) CM-1 11.8
Cement mineral Powder type
CM-2 12.9
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Table 4. Mix designs used in the preparation of shotcrete specimens

I Ginax Slump W/B S/a Unit content (kg/m’)
Division 0 o -
(mm) (mm) (%) (%) W B S G Admixture Steel fiber ~ Accelerator
4.80 0
CM 10 100 43.8 65 210 480 1047 568 (1.0%) 37 5%
AL 10 100 433 64.7 213 492 1074 608 3936 37 5%
' ' (0.8%) ’
AF 10 100 443 62.1 206 465 1011 622 465 40 7%
: : (1.0%) ’

Gimax: Maximum gravel size, W: Water, B: Binder, S: Sand, a: Aggregate, G: Gravel
CM: Cement mineral, AL: Aluminate, AF: Alkali free [Same symbol afterward]
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Fig. 3. Measured compressive strength of concrete and shotcrete
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