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ABSTRACT

As the amount of polycarboxylate superplasticizer varied from 1.2% to 3.0% of the mass of binder, the change in the flowability &
rheological properties, and strength of UHPFRC was investigated with experiments. The test results presented that the increase in the
amount of superplasticizer was effective in improving the flowability up to 1.8%, but addition more than 1.8% was hardly beneficial
for enhancing the flowability and rhelogical properties. Compressive strengths with different amounts of superplasticizer showed that
the strength with 1.8% was slightly higher than that of 1.2%, but the amount more than 1.8% caused strength reduction, which was
higher as the amount increased. The results in flexural strength according to the amount of superplasticizer showed a similar trend with
the results in compressive strength. When the effect of compressive strength and fiber distribution characteristics on the flexural strength
was analysed separately, it was found that high amount of superplasticizer caused an effect of fiber distribution in addition to the effect
of compressive strength on flexural strength. This effect seems to be closely related to the results of flowability or rheological properties.
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1990\ dtllol] HLFH o] niEe = Ve s AR
7% £32)E(Ultra-High Performance Fiber-Reinforced Concrete,
o8} UHPFRC)&= A|&2o)aL sl s E3f S2ele
e A%, 1A 29E 5 AR Ropl A48T Qov]
LIS A0 Sl ki Itk debHe e 2nads
s Eaelee sh QS 150MPa obgela 3yda)
7} AR s e o] AR BAE EIRES ovg
TAFGC, 2002). H| M 2R FHWA)SAE S0 FAdo 2
4olg el Qi 2 YREs 2w she A
A =-AAM]7E 025 ofslolal AR Bt FrER A9
3l Il Graybeal, 2011).

ZOIE AR FaRed IS ) 3k vk 22
A FAF o= A GH) 2 oS oPlskr] whEel,
i A7) e o] 1357l (Superplastcizer) & AM8-SF
ok Al 3R wet ZA A, v geA,
EYZE To8 Wrolkit) dnkdo® sl
To] & Wzl glo] frede /IaE HHo 2 Agsitt ARk
285 ARRA SAEA e} o] It Fag|EdM R}
A B S AR AgollE Al vAe gkl 2] ek
2= QJJTHKCI, 2011; Alsadey, 2012; Dubey and Kumar, 2012).
Ayt FAEA ARBSIL Sl A AR A
= AMghtiehe SaF ATIE Ee] 10% ol st gl
Hhd, 2 ZaES] v el AREE e rAl
o] % oF 1.5-2.0% F=E A3kl ok A=Y adstt
A AR EAEE ] wAlel d3k G EHES AuE
W, 7o) Al FRRE FsAe] T gl whet ok
27k Sl Ao m AL Utk E-AHEH] oF 40%, THIA
EaF 440kg/m’ Fae|E] Tiste], Y HEA] LA SHAE
ARG 7B, AR ST whEt 371"k ThAEkaL, S
0.5%7F 1= S7F8HAIRE L ool 7Hash, 0.25%E AHg-<H
78l Hlsl 1.0%E AR - =7t oF 30%71A] sk

Table 1. Mix Proportions of UHPFRC

ZATES] A vA= ¥

Aoz B uk QIL(KCL, 2011). 53 2|4 I3sAE
AR Aol BT S8, YEdEs ARl 71
o we} AstEaL, 53] 0.5% oA A FHaEeE Ao
Bl bl QIUHKCI, 2011). F2Z22H] a/ds7rA1e] 49l
= A1 SAEE AMEEIE W AR 0.35% ojelxt=
AN F71e Wt AT R dRdEE ARk Bl At
S WHADumne, 2014), AREF 2~12% oAM= ARG 57
o ue} YA APH o7 A At A7 IR
t}(Dubey and Kumar, 2012).

FZ FulollA] /Sl 9= UHPFRCE 2 ZEZ4E4H

PSHTAIE ARSSIAL Qlom ARERRE IFHES VIE0R A
FZe] 1.8% UiE H83faL rk AP EEEiA
FrAle] 52300 whe} 1 Ado] e = AL $A
[o} ol V1&g ATAHES ATE o, A
gt JES X whE, 1L ode] adsAl
8l8] =g A= Ads 2Eske o 5 Sk
wha] o] AFtelNE ZAEA ATETAY] ARERE
1.2%044 3.0%71A]) Wt S o, f58 2 RIS viskel
3| Z=e] MskE AR A} shgirk YSARETE oY
2} IRIFAES I ARt AR EAIES] =
e RPFIEE Ao BS99 s dEs 7EAH(Kang

and Kim, 2011; Kang et al., 2011; Yoo et al., 2014), d<]
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BEEHE 24 e AME meEled] s 540 o)
J& WG 5= ek Ozyurt et al, 2007). weh] Thoph P57t

FAIe] AR-E UHPFRCO] Ay X5/ d%& vHaL, 1
A} Fdsel 2 wiske s 7 Qlrk ofefeh G o] el
A HESRaA aHelck
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>

ol
=

2.1 AIEXiE 2 Higt
UHPFRCE= ARIE, B3, Hel7kg, S04 5 78 A=
2 3t} 28] A= UHPFRC2] #jgke Table 13} o,

Unit mass (kg/m®)
Mix Cement | Silica fume Sand Filler EA SRA WRA Water Steel fiber | Anti foamer
Ml 771 193 848 231 57.8 7.70 30.8 165 156 1.40
M2 771 193 848 231 57.8 7.70 46.3 160 156 1.40
M3 771 193 848 231 57.8 7.70 61.7 156 156 1.40
M4 771 193 848 231 57.8 7.70 77.1 151 156 1.40

EA: Expansive additive, SRA: Shrinkage reducing agent, WRA: Water reducing agent
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Table 2. Physical & Chemical Properties of Cement, Silica Fume, and Filler

Specific surface area Density Ig.loss Chemical composition (%)
Item 5 3 o -
(m7/kg) (kg/m’) (%) Si0, ALO; Fe)O; Ca0 MgO SO;
Cement 341 3,150 1.40 21.01 6.40 3.12 61.33 3.02 23
Silica fume 20,000 2,100 1.50 96.00 0.25 0.12 0.38 0.1 -
Filler ND 2,600 0.01 99.50 0.38 0.04 0.01 0.01 -

w8 Im'ol thek 7 Al se] ke 2 LRl
A AMee DRIES Fefeh ] 714 wilgdel] disl Asde]
TRk MI~M4 83k AIE F5Fo] g ad57A]
TR ki go] 717t 1.2%, 1.8%, 2.4%, 183l 3.0%9)
oS I HTAE ARSI oM, A SHAl AR
o] Z7¥5tl wheh wighre] & ¥ FofA HEsisith

ARIEE BEEEWCAES 218319101, Ael7RE-& UHPFRC
o BT S A3l AHE ST 25%E ARSI
HeFlEe 3= SHlavel IS NkeS Bl Alse) UEE
IAFI0 2 Rezze] 371 YTHACK 2006). FEA)=
I 2,620kg/m’, FF7o] 0.5mm o3k TAS ARSIl

2T AREEHA] okt UHPFRC) AR A sirAl=
=] DARY] ZE) 2 A s Al 24 s 1,010kg/m’o)
31, RS Ha glom, ke 30%0]ck FdA(filler)=
Ee)2- 55t a2 UHPFRCY] Z=aPdel] =20] S Als=
#|(Droll, 2004), UHPFRC Az Ale]] Q9o 2 ARg-=]aL )Tk
o] AelM] AMgE ZAE URRe] i de] oF 4um o,
HIZAE Si0,9] FHH-8-2 98% oPdolal, Wi 2,600kg/m’o]ck
Table 2¢] A[HES} Hej7lge] E8]-518H] Jd& VRIS

e Qe B 8Eo] 283t w QPSS BHoR
AREIRoT, eI R, W 7,500kg/m’o]an, 2o
13mm, 27 02mm= )7} 65011, Q1= 2500MPac)
o} ee) AbgEke ZagE A AF ] tisle] Fuju) 2
2%E A8tk

T
L s

2.2 Alaidbd 3 ASdH| ME

IPSTEEA] AHe-E]) W UHPFRCY) AEEA WalE Al
H7] 951, 94 2] ¢k AJejoll] KS L 51059 wpe Z2%
AEE AAEIeH, PonEE o83l RSS2
FEEE)S Ik de=A] 7t Aol AMgE HlenlElE
Brookfield =701, W|<)(vane) Fee] 258 ARSBISITE
G222 ATFL 0~19 rpm HSJelx ZF T 1.9rpm 2 S71A]
A 302 2Ho= Z4slal & Ay pmol] =9 F THA] 1.9rpm
N FIEA 2= PR o R APslion], I = Av))
i8] Bingham El(7=7, +py BAX)E A43 I|ARAES

0

Fig. 1. Equipment for Measuring Rheological Properties

Fig. 2. Placing to Induce Shear Flow of UHPFRC in Fabricating
Flexural Beam Specimen

B3l FE-3-H(yield stress, 7,)9} 2433 =(plastic viscosity, i)
£ T3St Fig. 12 #QuEE o83 fFHSA %7 249
B¢ wola Stk

= Y Am SR dSAE B AT WHE
U&7=E A% 100mm, o] 200mme| A5
FAAE olg30] ZRelsion], PAPAE AW BAo 2
chHo] =717F 100x100mmo]aL Zo]7} 500mme] A=
AlZFEFATk o] o, Fig. 264 ®+= nje} o] UHPFRC EM
Al BA 22 wER] 0] Heks Bo| Wsk=S sl edw
W Zfo] = Qg AFEE 549 HiskE viAlskaL s 154
EE 549 dslel mE JIRke ARz} sk9th
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Fig. 3. Flexural Tensile Test with Notched Beam

Fig. 4. (a) Fractured Specimen After Test and (b) Fibers Bridging
Cracked Faces

Table 3. Summary of Test Results

FEAAR= FY 5 Tl 03mm Ze] =25 10mm Zlo]=
witor, 4] W B ois] Fig 39 22 o2 ARE 300mme.
& sfo] 33 At AHE AABISIT sl Aste] wE T
A3t Aol xe] TN E 22 wAleh SIS
ol-g3te] ZAetk Fig. 4= A3S AAgH o] A9
TAF TFERNA 7haA s skl Sl Aol BEs Hol

31 222 ¥ RHEY

TE A= Table 308 JepIGIL) 94 E8% =447
= 29in Fig 59} 2o} 1A AHEo] 1.2%2] M1
gt} 7ol E=5- kol 7P A vpERske, ads kA
AR O W M2-M4 HiglolE S2%- o] 200mm o do.
2 A vERsitE BE 739 uigtalx] ARk 5 g o Q1%
AFRe] T2 VERA] okt g st AR 1.2%¢}
1.8%3) M1} M2 g Afolol i g s7pA] A 7ol
w2 544 7o) FelsAl UeRdAIN, AN 1.8%90A4 3.0%
Atole] M2~M4 uligh AleldlMi= E29- g 5 F57 Alolvt
73] R it ole} 2 Avi glomfElR 3 s
’ge] Ao M e FLEH VERITE Fig. 62 M1~-M4 ulgke]
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Fig. 5. Flow Test Result

. Rheometer test Compressive strength* Flexural test
Mix Flow (mm) — -
Viscosity (Pa's) | Yield stress (Pa) (MPa) Flexural strength* (MPa) Defl. at peak* (mm)
M1 160 166 185 190£11.0 45.5£1.29 0.809+0.049
M2 212 54.0 0 19245.5 39.7+0.48 0.868+0.263
M3 209 54.2 9.3 178£17.5 37.7£1.54 0.836+0.343
M4 210 51.1 18.5 135£5.4 31.8+0.65 0.660+0.089

* The result was expressed as a form of averagetstandard deviation
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Fig. 6. The Results of Viscosity and Yield Stress

5] 34 dke vehd 2ok M1 afke] A% =
166Pa-so|al, 322 185Pa M2~M4 ugtol] Hls) 2437
o} &g BF uig- A SR i M2~M4 ek
227} 50~55Pars MR AL Zjol7} giglon g
0~18.5Pa= Ml19]| H]8]) v 2ke gko = 2 zjolr} Q= Aoz
VRERTE o]9} k& A¥R= UHPFRCOIN 1A 57pA] ARS-aF
71l W f57d 7 B3Pt vehhs avdeerAle] AR
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FAA sl st em, I A= Fig. 72 YERSICH
FSETAl AREEo] 242t 1.2%9)F 1.8%<1 M1%F M2 ulj$}
Aoleli= YSd=e] Msh) Ao glovk, 2.4%¢<} 3.0%¢ S
3he M3} M4 fgtollME 5 RAl AR SVl wet
Y=} ZA Ak RS SR = Tk MI-M4 vt
A A SHA] AR ST S ERlaRRS A atefdte
X E-AFARE FARBEES sl9itk W SHAl SHe] ARS-
goll E3Hd Eo] &S aLelate] E-ATAMIE ARk B,
MI~M4 Hj3te] B-A3Am1= 194, 20.0, 20.6, 21.2%9] |23+
ok A gk Alolol] oF 1.8% Awe] B-Agn] 2o)7}t
HEYEIT): Kang et al(2011)& E-23HAH] 02~04 HSo] tiste]
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o] 2of] ujzd E-A3AH] 19.4%9} 21.2% Alololl= B-ZAgAH]
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