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* 2
. Diameter .
) Silica | Silica |Silica Fiber | Flow fe
Notation |Cement fume |powder| sand SSA o(l:nsni;’\ Water| SP (vol%) | (mm) |(MPa)
F250.5-0.39 0.5 0.5 275 179
1.00 0.15 0.25 < 0.39 0.25 [0.051 2.0
F251-0.39 - 1.0 290 186

SSA: Steel slag aggregate,
SP: Super plasticizer containing 30% solid and 70% water.
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- - - Defoamer| Fiber fe
No. [Cement|Silicasand| SSA |Silicafume|Silicapowder MWCNT * SP |Water vol.%)| (MPa)
MF 100 _ - 0.039 2.0 190
MFMW ' N 0.5 0.25 0.098 2.0 202
1.00 0.15 0.25 0.20
MS - - 0.044 - 180
- 1.00
MSF - - 0.042 2.0 186

SSA: Steel slag aggregate, MWCNT: Multi-walled carbon nanotube,
SP: Super plasticizer containing 30% solid and 70% water.
*: Weigh percentage of cement
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F 4
. Tensile Elastic
Type Dl?mn?)ter L(e;g;c)h strength modulus
H (MPa) (GPa)
Steel fiber 200 6 2104 200
SSA < 390 - - -
MWCNT | 0.005-0.020 | 1.0x107 - -

4 AMEQA A F(Steel fiber), A ENL(SSA) 2 tFd g =FH(MICNT) <
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T84 2
Px-P20 Ap
FCR(%) = —— x100 = 5—x100
P20 P20
F 5
MF MFMW MS MSF
Load
step | px | Ap | Ap/po | Px | Ap |Ap/px| Px | Ap | Ap/pyg | Px | Ap | Ap/py
MP
(MPa) kohm-cm (%) kohm-cm | (%) | kohm-cm (%) kohm-cm (%)
20 |1659 | - - 295 | - - 550 | - - 396 | - -
40 |1613| 46 | 28 | 281 |14 | 47 | 527 | 23| 42 | 388 | 8 20
60 | 1552107 65 | 273 | 22| 75 | 509 | 41| 75 |366 |30 | 76
80 |1510|149| 90 | 270 | 25| 85 | 501 | 49| 89 | 355 | 41 | 104
100 | 1455|204 | 123 | 266 | 29 | 98 | 497 |53 | 96 | 336 | 60 | 151
[% 515 4% ste9 Z7|d we AHME 53 A5 A7AFSE ¥Wess Yo, = 72 &
Z1ol W& AME B3 7o AVAFE HI AFS HolFe 2y Ay agzoln,
%= 73 [ 5]0 AAE wiel o], 47tx] wlEYzo] BE AGA NN ¢F dtFo] S
o] Zaste AsS HAts AS & 5 Adu. oy AW Y9 AAAFE 53
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S=<35 10-2306459
g ey

B) A EAN2(AE< @ 0.39 )2t EH7F AME FF gjb] 247 50%, 18] ZAAFE 2 vol.% A& v
Ea/\(FZSO 5-0. 39) Hﬂ 100 =R 7|20 2 A7 o] 0.39 mmo]3kel A7 L8 50 FFFeF B 50 =
F7b 233, AARE AEA RO 292 x3E mE"A
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6) A EIN2(FAE< ¢ 0.39 mm) A|HE
0.39) : AWIE 100 S5 7oz # Ao
A Hulo] 29z FdE mjEZ A

E 1
(e} [
0.39 mm°1’5 A S 150 TFEF7F 2dE A, A MY

(7) A7 &eh( aﬁo< @ 0.39 mm) A|HE = th8] 200%< S 2 vol.%E AFR3F vjE- A (F252-0.39)
AHE 100 5ZF5- 7o 2 A7l 0.39 mm¢! A% ;L 200 TZF57F 23, AAAE AgEA Fa99
2% X UHEﬂ*

— =

(&) AW £AN2(FAA< ¢ 0.39 mm) AHE FF diH] 100%2F FAF 1 vol %S AME3S MEE A
D AME 100 FHY V1Fe® Aol 0.39 mmolst A &2 100 FHEIF X, 70“9%% AP?M] 5

] 1%= ¥Fre mEZH2

AbEE mE- A0 AR B EAEE ofdie] [ 6]d YERATH
Z6
. Diameter .
. Silica | Silica |Silica Fiber | Flow | fc
f SSA
Notation [Cement fume |powder| sand SSA o(mm) Water| SP (vol%) | (mm) | (MPa)
F2S0 1.0 _ 240 178
<0.39
F251-0.39 290 186
F2S1-2 - 1.0 1-2 270 188
F251-5 2-5 2.0 260 199
1.00 0.15 0.25 0.25 |0.051
F250.5-0.39 0.5 0.5 275 179
F251.5-0.39 - 15 275 | 192
< 0.39
F252-0.39 - 2.0 265 194
F151-0.39 - 1.0 1.0 290 187

SSA: Steel slag aggregate,
SP: Super plasticizer containing 30% solid and 70% water.
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[0125]
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[0128]

[0129]

[0130]
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[0132]
[0134]

[0135]

Axkatel =
784 3

px-p
FCR(%) =
&= 82 ¢ shF shellA
o)t}

A 54 APl wf 7
35 . Zzhel

Ap
%100 = —5~x100

olale] A7} L9} AR AWl

HJL(F2SO 5-0.39),

LS AEA Rod 292 B
S

$He vehle o & At

715 Abg&3a] 0.1 seconds/step
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& el sgse A5
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g 7

3-8 (Fractional Change in Resistivity, FCR)S ofele] [48}2)

HE FF b 7t
a8 A7 0.39 mm o]ste] A%
AHME 23 A5 (F251-0.39)7} 8714
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2 &2 AR A7) AgE HstE
Ao A wbsA A8 7] (Universal Test Machine, UIM)S o]&

AGE WaE S,

A7IAZE(p)E MG,
AdE(p)d 271 A7 AZE

7y 50%, 7357 A
sd27t AHE
M E 2 Foll A

* 7
Initial Resistivity at Peak Stress sensitive
Notation resistivity, py | peak stress, Py | stress, o, FCR,(%) | coefficient, FCR/Op
(kohm-cm) (kohm-cm) (MPa) (%/MPa)

F2S0 3223 (611) 2477 (533.8) | 156.3 (9.7) | 23.5 (3.5) 0.150
F2S1-0.39 142.3 (25.7) 93.6 (18.4) (140.0 (11.8)|34.4 (1.1) 0.246
F2S1-2 219.7 (29.8) 192.7 (13.7) 131.9 (6) | 25.3 (54) 0.192
F2S1-5 231.2 (29.5) 231.2 (294) |155.9 (10.5) [ 15.5 (1.1) 0.099
F250.5-0.39 205.1 (3) 117.2 (8.8) 144 (16.5) | 45.9 (4.0) 0.298
F2S1.5-0.39 127.5 (7.1) 90.5 (4.3) 172.6 (14.3)| 29.0 (2.4) 0.168
F252-0.39 100 (8.3) 79.9 (64) | 180.5 (1.5) | 20.0 (2.4) 0.111
F151-0.39 2356 (50.7) | 175.2 (49.6) | 133.8 (94) | 26.7 (5.3) 0.200

FCR is the fractional change in electrical resistivity at the peak stress.
The values in brackets are the standard deviation.
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Real impedance, Z' (kQD)
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> Rcusp Q= 20MPa
o Ry == 40MPa
c -7t —0— 60MPa
g usp == 100MPa
— _65 i [ 1 'l i -
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Real impedance, Z' (kQ))
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