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ABSTRACT

Recently, as the utilization of underground space increases, the demand for underground excavation increases. In this study,
the concrete mixture with a new material was used to develop and evaluate the stability of the CS—H wall that can greatly
minimize the problems of existing wall and minimize the impact of ground depression and surrounding ground that may
occur in the future for excavation of over 30 m deep in urban areas. The fiber reinforcement formulation of steel fibers,
synthetic fibers, and glass fibers, along with fine aggregate parts of PS—ball and ferronickel, were mixed. The Mixture ratios
were determined by conducting slump test compresive strength test, modulus of elastic test, flexural strength test, splitting
tensile strength test and conductivity test. As a result of the test, the steel fiber mixture showed very good results compared
to other reference values in all items, and it is considered to be the most suitable for the CS—H wall to be developed.
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Fig. 1. Fiber reinforcement and fine aggregate substitute material
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Table 1, Mechanical properties of steel fiber

Line diameter (mm) Length (mm) Tensile strength (N/mm?) Aspect ratio Bend test

0.49 30.3 on

61.6 No abnormality

Table 2. Mechanical properties of synthetic fiber

Tensile strength Elongation Modulus of elasticity Specific aravit Melting point Diameter
(MPa) (%) (GPa) pectic aravty °C) (um)
1 2681 6.1 30.6 1.23 246 13.8
Table 3. Mechanical properties of glass fiber
Line diameter (um) Length (mm) Ratio of moisture (%)
18.0 £ 20 250 £ 20 less than 0.5

Table 4. Mechanical properties of ferronickel slag

Alkali aggregate reaction
Fineness modulus Density in absolute dry | Percentage of absorption Test for unit - — — —
condition (g/cm?) (%) (kg/L) Dissolved Silica | Reduction in Alkalinity
(mmol/L) (mmol/L)
3.40 2.95 1.02 1.864 34.85 170.1
Table 5. Chemical properties of ferronickel slag
Ca0 MgO S FeO Fe
0.28 33.2 0.03 9.90 0.66
Table 6. Chemical properties of Precious Slag Ball
SiO, AlLOs Ca0 MgO Fe MnO Cr03 S TiO, P,0
2.4 7.08 306 3.05 281 577 122 0.04 0.51 0.28

2.2.2 Y8R

Table 2= AF2-E] 34901 H-S Ll 9o,
W= NARS] Al ARESFLaL, 17 1,268.1MPa,
EFAIAIS 30.6GPa, Hl% 1.23, 217 13.8um2] wet Fej2]
62 ARR-519 tHNycon Material Co., LTD., 2017).

2.2.3 ReHER

Table 3= AHE-H FElAdo] A4S Hehfia glom,
e TAJolA T3 9l Chop HElo] Alkali
Resistant Glass& A8} 00, AEA] 7|0 wha} A|
2 {255 ARS8 tHNippon Electric Glass Co.,
LTD., 2001).
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BRI glom, Table 5t 318h4] 44 vehfa ek

2 AtolA AHEE HE2YUA &9 1= HAR AlES A
45} tiHyoseok. Co., LTD., 2015).
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Table 7. Required Average Compressive Strength when the number of tests is less than or equal to 14, or there is no record

Specified Compressive Strength f,. (MPa) Required Average Compressive Strength f,, (MPa)
< 21 fo 7
21 <35 < JoT85
35 < f 5.0

Table 8. Test result of Coarse aggregate

Densit
Fineness Soundness Y Percentage of Test for unit Percentage of
ltem modulus Salurated S“fface AbSO‘UFQ_ dry absorption absolute volume
dry conditio condition
% % g/em? % kg/L %
C t
oarse agaregale 332 33 291 288 112 1.80 56
(10 mm or less)
246 eEXHMRIASIEE=RE H18H K4S



Table 9. Test result of fine aggregate

Densit
Fineness Soundness y Percentage of Test for unit Percentage of
ltem modulus Salurated SF”TaC@ AbSO‘UTe. dry absorption absolute volume
dry conditio condition
% % g/cm? % % kg/L
Fine aggregate 1.80 2.6 2.61 259 0.82 0.0027 1.50

(c) Splitting tensile strength test

(d) Conductivity test

Fig. 2. Mix proportion test view
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Fig. 3. Triaxial compression permeability test schematic

Table 10. Test result of mix proportion
Target value Unit weight of material (kg/m®)

MX No. | Strength Slump W/C W Ad C [ S [ G Slump

MPa mm % kg % kg mm
PL-A 78.6 314.3 - 400.0 985.6 660.5 70
SF-A 78.6 314.3 0.2 400.0 985.6 660.5 70
YF-A 78.6 314.3 - 400.0 985.6 660.5 70
GF-A 50 ~ 70 78.4 304.0 — 388.0 9952 666.8 70
PB-A 78.6 2016 — 332.8 532.4 713.6 70
FN-A 78.6 253.6 — 332.8 5372 720.0 70
MT-A 3 79.3 326.8 — 412.0 1519.2 — 60
PL-B 78.6 314.3 0.3 400.0 985.6 660.5 200
SF-B 78.6 314.3 0.4 400.0 985.6 660.5 110
YF-B 78.6 314.3 05 400.0 985.6 660.5 170
GF-B 100 ~ 200 78.6 314.3 05 400.0 995 2 666.8 190
PB-B 78.6 2016 05 332.8 532.4 713.6 130
FN-B 78.6 253.6 05 3328 537.2 720.0 170
MT—B 79.3 326.8 05 412.0 1519.2 — 160

Note ; PL (Plain), SF (Steel Fiber), YF (Synthetic Fiber), GF (Glass Fiber), PB (Precious slag Ball), FN (Ferro Nickel), MT (Mortar),

A : Slump =50~70 mm, B : Slump =100~200 mm
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(a) Slump test (50~70 mm)

(b) Slump test (100~200 mm)

Fig. 4. Slump test of steel fiber reinforced concrete
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Fig. 5. Test result of compressive strength and Modulus of elasticity for mix proportion

5] A9 et B4 Aolo] vhzo] waystel 4
A ABAI 71 AE] A Solstolo} B Ao Bk

e, gelaae 49 B WAkl WIStk

42 &9o

&Y 712 Fig. 49} Zo] 50~70mmel <99k 100~
200mm<Q! 75 % 7ol disto] AlgS Akt Z-
2] 55 o83 wigAIFolA A e H=

S PR SRS BT FESE CIPAR Y
2 =Bk

o] glo] PlainigHt g

%94 A9 Wetst 4t o]

o AL WASHA esro.

dol7} Ax F4&0] ok

5 G AL U 5] vt FAs) W

= o depdeh 193, F45e 10} Wy

o A2 YA O] F4go] vrob BAME F

TR FASA SEEI} oA

= a—

FAfo]

st on], Fase 1o B
3 A4 A B3 dyaund o2

LHHTF(YF) A]EL]?“(FN)OH/\‘] H|n Ao

= 1
FE AELE deplon, GG 29 & 35
=2 29
=2 g

Table 112 ¢&=7% 9 ERJA IS AJE
oIc. Plaintfte] %5

o 27} AU YBEA SAE AR 2ol Sl
HGRAAE AT A A %E&i A2] 7S
SEARGE) WaolA), 23 BO) 4% 7 AH(SF) vy

ol Plindlghie} 8 78 ehia o,
AEA GANE A8 TS0} A=UA )
B9 JEAEE 70 $A Uehtn Q.

0x
30
HT
Ou
2
Ml
=l
ol
ro
Sk
2
=l

1
>
-]
HU
_0
_|0Il
.IIrIl
0x
0&l
N
N
S
©



Table 11, Test test results of compressive strength and modulus

Target value Test result
MIX No Compressive Siump Compressive  strength Modulus of elasticity Flexural | Splitting tensile Permgapility
’ strength 3days ‘ 7days \ggdayg 3days ‘ 7days ‘zgdays strength strength coefficient
MPa mm MPa GPa MPa cm/sec
PL-A 13 16.7 197 13.4 14,9 173 233 233 3310
SF-A 8.1 12.7 16.6 1.0 12.9 13.0 2.76 3.60 46x10°®
YF-A 77 10.6 17.8 10.5 17 15.4 275 3.06 1.4x1077
GF-A 50~70 1.9 15.5 20.3 13.0 15,5 16.4 253 1.90 1.0x1077
PB-A 1.3 15.6 215 14,9 16.6 17.8 2.76 2.44 49x10°®
FN-A 10.0 15,9 212 13.3 16.0 18.6 2.98 176 1.8%107°
MT-A 3 9.1 13,2 18.0 10.8 13.4 15,6 223 1.34 8.1x10°®
PL-B 9.4 141 19.8 1.4 13.2 17.7 2.75 1.70 -
SF—B 10.3 15.5 205 12.1 13.0 16.0 2.67 3.65 -
YF-B 8.1 12.5 15.4 9.1 12.3 14.4 2.66 290 -
GFB 100~200 75 13.2 17.2 1.3 12.9 14.8 2.56 2.45 -
PB-B 10.6 175 251 14.6 171 18.8 2.56 1.93 -
FN-B 1.1 17.4 237 13.8 16.8 19.4 2.79 2.06 -
MT-B 9.0 10,5 175 10,9 13,7 15,4 2.30 1.41 -
slump(50~70) slump(100~200)
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Fig. 6. Test result of compressive strength for mix proportion
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