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Fundamental Properties and Reduction of Autogenous Shrinkage of HPFRCC
Depending on Various Fiber Contents and ERCO Dosages
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Abstract

Recently, because of the terrorisms or warfare, the damages of human life or facilities have been increased. Hence,
the Korean government launched the research group for high performance fiber reinforced cementitious composite
(HPFRCC) with increased demanding on protecting and anti-explosive structures. Therefore, in this research, to apply
the HPFRCC on military facilities with optimum performance on workability and performance, the fundamental
properties and reduction of autogenous shrinkage of HPFRCC with various combinations of steel and organic fiber and
emulsified refined cooking oil (ERCO) were evaluated. As a result, based on the comprehensive analysis, for favorable
workability, strength, and autogenous shrinkage, 1.5 % of combined fiber of short steel fiber and long organic fiber and

0.5 % of ERCO was suggested as an optimum conditions.
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Table 1. Experimental plan

ltems Variables
W/B (%) 25
Binder (%) OPC:BS=55:45
Target flow (mm) 260 £ 20
) Target air content (%) 30+10
Mibure Fibers compositions ss'+oL?
Fiber mixing ratio (SS: OL) 1:15
Fiber content (%) 5 0, 05, 1.0, 1.5, 1.75
ERCO dosage (%) 3 0,05, 1.0
Fresh mortar 2 :Ei%otr?gnt
- Compressive strength
Test (3, 7, 28 dayS)
Hardened mortar 3 '(glyeéléri;a?srfngth
- Autogenous shrinkage
(28days)

1) SS * Short steel fiber 2) OL @ Long organic fiber
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Table 3. Physical properties of fine aggregate

Distribution of

Density Absorption rain shape Fineness
(glcm?) (%) 9 ) b modulus
2.62 1.31 56.2 2.75
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Table 2. Mixing proportions

Unit weight (kg/m°)

ERCO (%) Fiber (%) W/B (%) C:S SP/C (%) W C BS S 3S oL ERCO
0 308 677 554 724 0 0 0
0.5 306 673 550 720 15.6 33 0
0 1.0 304 670 548 716 31.2 6.7 0
1.5 303 666 545 712 46.8 10.0 0
1.75 302 664 544 11 54.6 11.7 0
0 308 677 554 724 0 0 62
0.5 304 669 548 716 15.6 33 6.1
05 1.0 25 1:0.7 0.8 304 669 548 716 31.2 6.7 6.1
1.5 303 666 545 712 46.8 10.0 6.0
1.75 302 664 544 711 54.6 11.7 6.0
0 308 677 554 724 0 0 12.3
0.5 306 673 551 720 15.6 3.3 122
10 1.0 304 670 548 716 31.2 6.7 12.2
1.5 303 666 545 712 46.8 10.0 12.1
1.75 302 664 544 71 54.6 11.7 12.0




Table 4. Physical properties of cement

Setting time Compressive
(min.) Strength (MPa)

Initial Final 3D 7D 28D
3.15 3 390 230 345 24.8 39.3 56.9

Density Blaine
(glemy)  (emg)

Table 5. Physical and chemical properties of BS

Density Blaine L O L Chemical composition (%)

(glem?) (cm?g) (%) SiOs MgO cr

2.89 4 520 1.2 34.2 5.26 0.002

Table 6. Physical properties of fiber

' . Tensile

(MPa)

SS (Stegl) 3b 0.12 108 78 2 650
OL (Organic) 30 0.47 63 1.11 650

(a) fiber (b)OL fiber
Figure 1. Shape of fiber

Table 7. Physical and chemical properties of ERCO
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Main ingredient (%) Viscosit
Densn??/ Saturated ] ) Omega-3 Yy
(g/em”) . Multi Unsaturated acid .
acid Acids (cP)
0.98 15 4 8 200

(b) Before
emulsification

(c) After
emulsification

(a) Agitator for
emulsification

Figure 2. Emulsification
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Figure 4. Test method of autogenous shrinkage
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Figure 5. Influence of fiber content and ERCO dosage on flow
(initial flow : right after the cone was removed)
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Figure 6. Influence of fibel%lcontent and ERCO dosage on
ow
(standard flow : after 25 times of impact)
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Figure 7. Influence of fiber content and ERCO dosage on

air content
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Figure 8. Influence of fiber content and ERCO dosage on
compressive strength (at 3 days)
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Figure 9. Influence of fiber content and ERCO dosage on
compressive strength (at 7 days)
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Figure 10. Influence of fiber content and ERCO dosage on
compressive strength (at 28 days)

60MPa A=9] =74=E YESl=dl, ERCOE 1.0%
oYt oF 15% A=57dwrt #stkstairt.

A 7H9] A9 HREUE 0% HS- oF 65MPas
ERHQIAL, AAR7F 1.75% % vigtollA= oF 18% S57Ist
78MPa?] 75 VERSITE ©, ERCO 1.0%0lA<= oF

13% Astet 63 MPa 4l - 9] Y=74=5 Bt A= 28
US| A, e 0%elA= oF T3 MPaoIRla, A7t
29l viiglollal= oF 29% 5718 95MPa A - 59 AwE
UEgla, ERCOE 1.0% &3t Higlolld= 75MPa
A FRE OF 15%8% W2 TS VeI 9l
07 HA, HAREdE STl I AT Aed

[20] Ahur) 2B A HPuhs e e

N

S 49719] WA 7k Tk B slot 2 5
o] QAL & At APolgit, e, £ A7e}
bo] I Ul T ZAOR A4} FH5] 4k B

she At 2Rgslo] A==t g A :

E3E ERCO A7ke 710l met Y=7dr} #fstste
g2 FROO T AT Azo] ARIE 8} A daq] 4k
gt A(D 22 WhEo® BARES ol vt
A=, o BltRe] BAakgel oo 24 dstAA
e Ao B s AdEe] EARES Weld AME

TEHESS AR AR 5] FgFaRgoll 71918t =

(o]

‘@

B
B

b

RCOOCH, + Ca(OH),— CH,OH + 2RCO0Cs —— (1)

(Rl (Tiatzhs) (M) (RIgzEd, 8l

3.2.2 Flexural strength

Figure 11 ¥ Figure 12= ERCO &9& ¥ 48298
ool w2 A 3, 28U FAEE Uehd T1efszolck A
Hhxlog A 3, 28 T 4MPa A - £ FYE=E UE}
WR=E, e &Y offtol] AJaglol frARE =S Uet
WglEk, ©; ERCO £9480] 371848 Twt nldsh)
FSIgI,
WO Hevt BYUR HEHE G| meetat
ek Z7R 20 BIET QA 2 g7 A9
1 80 MPa oJ¢] 34 gelo]7] ufio] At maelEy
o} 337} AL Uehfo] aMpa 74 - 0] B} 2%
sjoick. B, Wrme] eie] A9(5] ARE0] S
AR AR Al 2 A9 571 e & 5 b,
& AFlM = Figure 133} 2ol A7 Z90=H 7=
S7HETR= # o] STk Bae kId 4= Jlth

N

il



Fundamental Properties and Reduction of Autogenous Shrinkage of HPFRCC Depending on Various Fiber Contents and ERCO Dosages

ERCO (%)
—m—0%
—A—0.5%
6l —e—1.0%
T
o
=
L
£
o0
5 af
I | S — 84—+
=
=
x
[}
T |
0 1 1 1 1 1
o 05 10 15 175

Fiber content ratio (%)

Figure 11. Influence of fiber content and ERCO dosage on
flexural strength (at 3 days)
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Figure 12. Influence of fiber content and ERCO dosage on
flexural strength (at 28 days)

(a) No-fiber reinforcement
Figure 13. Different toughness depending on fiber reinforcement
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Figure 16. Influence of fiber content and ERCO dosage on

autogenous shrinkage (ERCO 1 %)
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