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Laboratory and Field Model Study on the Optimum Mix of Shotcrete
in Tunnel Construction
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Abstract

Recently, tunnels are increasingly constructed in this country with the increased construc-
tion of highways, high-speed railways and subways. Shotcreting is one of the major processes in
the tunnel construction, Many problems, however, exist in the current shotcreting practice. The
purpose of the present study is, therefore, to explore the problems in the current shotcreting
practice, to derive an optimum mix for efficient shotcreting. To this end, extensive experimental
study has been conducted. Optimum mixes with high quality and economy were derived, The
present study provides a firm base in our country to apply high-quality shotcrete in tunne] con-
struction.
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Table 1 Properties of accelerator

Density PH Shape Main Component
0.8 13 White Carbonflte and
powder aluminate
2.3 A EHY
1) W

B A g M= shotcreted] 27173 2 &
N5 7 & S v A s QAR G
Ed, A, FEAAY 7HAE AEHTFE o
AT E-AWER & 45%2 81 G AIANER
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: 400kg
AlHE &3 :400/3.144 = 127.231

F71% 2.5%
e Ao &3 : 1000—180—127.23—25

= 667.77 €

) &4 1 667.77 X 0.6 = 400.66 ¢
HELEAN 83 166777 X 0.4 = 267.11¢
: 400,66 x 2.59 = 1037.71kg

A 5%

Table 2 Mixing and specimen number(Lab. test)

: 400kg

SEA FF 1 267.11 X 2.59 = 691.81kg
EH4E 1S A9(TEA R §&3A B9

Cement content | o /. 9z) | A/c (%) | Specimen
(kg /m?)
3 A- 13
50 5 A- 15
7 AT 7
3 A- 013
400 60 5 AT 5
7 AT 7
3 A-1T0-3
70 5 A-T -5
7 A- T -7
3 B-1-3
50 5 B-1-5
7 B-1-7
3 B3
450 60 5 B-1 -5
7 B 17
3 B- T -3
70 5 B-W -5
o 7 B M 7
3 C-1-3
50 5 C-1-5
7 c- 17
3 c-I-3
500 60 5 Cc s
7 cnz
3 Cc- 1 -3
70 5 Cc- -5
B 7 c 17
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Table 3 Compressive strengths at 1 day and 28 days

. 1day-compressive strength | 28day-compressive strength
Specimen l (kg /cm?) (ke /cm?)
A-1-3 83.8 257.5
~ A 1T-5 75.8 236.1
AT 7 79.2 229.0
AT -3 68.4 2231
A- 115 77.7 211.2
A7 56.3 176.2
A-10-3 49.9 152.3
A- Il -5 49.3 119.5
A- I -7 23.9 89.5
B-1-3 76.8 273.1
B-1-5 81.3 243.7
B I7 | 733 | 2316
B-1I-3 77.1 268.2
B-1 -5 69.9 223.4
B-1I-7 49.3 233.0
B- M -3 59.8 248.6
B- 1 -5 72.6 199.1
B-1 -7 52.2 153.8
G- 13 74.3 306.3
C-15 83.5 282.9
cC- 17 61.1 231.5
C-1-3 51.8 260.8
C- 5 78.0 . 2537
c-n-7 60.2 217.3
C-1-3 78.0 253.9
C--5 77.1 218.3
cC-m-7 582 | 1612
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Fig. 1 1 day-compressive strength according to acceler-
ator content (C=400kg/m?)
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Fig. 2 28 day-compressive strength according to acceler-
ator content (C=400kg/m3)
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Fig. 5 1 day-compressive strength according to cement
content (S/a=60%)
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Table 4 Mixing and specimen number(Field Model test)

Cement content S /a(%) A/c(%) Specimen
(kg /m?)

3 A 1-3

100 7 A 17

3 A- 1 -3

7 AT -7

F4o AAE 67FA1 9] i A= AWAIE S
g A BdE e r o gulgs
HE e 18 8d 60%E FE, 160% S v 3tar
o7 & Alg-g& AT
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Table 5 Rebound ratio

Specimen No Rebound ratio(%)
A-1-3 21.4
A 15 18.6
AT 7 25.0
A- 1 -3 19.7
A Il 5 17.8
A- It 7 18.8
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Table 6 Compressive strengths( kg/ cmz)

Specimen No 7 days 14 days 28 days
A-1-3 134.2 1747 201.9
A 15 127.3 164.8 198.3
A- 17 128.7 165.7 191.4
AT -3 156.2 182.8 213.0
ANl 5 146.8 169.6 210.1

A -7 1403 166.1 209.8

20
164

Rebound Ratio(x)
2

GEBER S/a=50%,C= 400kg/m
06030 5 /6=60%,C=400kg/m’

— ,
A/C ratio (%)

[N
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Fig. 9 Rebound ratio according to accelerator content
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Fig. 12 Compressive strength comparison of laboratory
test and field model test (S/a=60%)
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